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Program Highlights

Welcome to WSC 2019
Young-Jun Son, WSC 2019 General Chair
Monday, December 9, 8:00am-8:30am, Woodrow Wilson Ballroom

WSC Keynote

Robert Atlas, Director Emeritus, NOAA Atlantic Meteorological Laboratory
Modeling and Simulation for Reducing the Risks Associated with Extreme
Weather

Monday, December 9, 8:30am-9:30am, Woodrow Wilson Ballroom

Titans of Simulation

Margaret Loper, Georgia Tech
Simulation Trust in the Internet of Things
Monday, December 9, 12:20pm-1:20pm, Woodrow Wilson Ballroom

Peter Glynn, Stanford University
Uncertainty and Risk: Simulation, Stochastics, and Statistics
Tuesday, December 10, 12:20pm-1:20pm, Woodrow Wilson Ballroom

Military Keynote

Mark Lukens, Department of Defense

Cyber Resiliency Wargame Series—Assessing Cyber Risk to Mission for
Combat Commanders

Tuesday, December 10, 8:00am-9:30am, Azalea 3

MASM Keynote

Sabine Herlitschka, Infineon Technologies Austria AG

A European View on Future Semiconductor Industry Needs for MASM
Tuesday, December 10, 3:30pm-5:00pm, Baltimore 3

Poster Flash Presentations, PhD Colloquium &

General Poster Session

Sunday, December 8

PhD Colloquium Presentations, 1:00pm-5:30pm, Annapolis 3/4
Poster Flash Presentations, 3:30pm-5:20pm, Annapolis 2/3

PhD Colloquium & General Poster Session, 5:30pm-7:00pm, Cherry
Blossom Lobby

Vendor Workshops - Sunday
Free, in-depth workshops from leading simulation vendors. See page 19 for
details.

Vendor Track Sessions — Monday & Tuesday

Exhibiting companies will present software tutorials, case studies, customer
testimonials and introductory training sessions in these tracks, part of the
regular technical program.

General Information



Program & Events Schedule

See Quick Reference Guide (separate handout) for room locations.

Sunday, December 8

8:00am-6:00pm
8:00am-12:00pm

PhD Colloquium
12:00pm-1:00pm

1:00pm-5:30pm

5:30pm-7:00pm

12:30pm-2:30pm

1:00pm-7:00pm

3:00pm-5:00pm

3:30pm-5:20pm
5:30pm-7:00pm

6:00pm-7:30pm
8:30pm-9:00pm

Registration

Data Farming 101 Workshop

PhD Colloquium Lunch
(invite only)

PhD Colloquium Keynote
& Sessions

PhD Colloquium

Poster Session

Vendor Workshops
Extend Sim

ProbabilityManagement.org

Simio
Rockwell Automation

Simulation 101 Workshop

Vendor Workshops

The AnyLogic Company
Applied Materials
Frontline Solvers

The Optimization Firm
Simio

Poster Flash Presentations
Poster Session

I-SIM Council Meeting
New Attendee Orientation

Monday, December 9

7:00am-5:00pm
8:00am-9:30am

9:30am-5:30pm
9:30am-10:00am
10:00am-11:30am

11:30am-12:15pm
12:20pm-1:20pm

1:30pm-3:00pm
3:00pm-3:30pm

3:30pm-5:00pm
5:30pm-8:30pm
6:30pm-8:30pm

Registration
Welcome & Keynote

Exhibits Open
Refreshment Break
Technical Sessions
Lunch Break

Titan of Simulation:

Margaret Loper

Technical Sessions
Refreshment Break

Technical Sessions

Journal of Simulation Meeting

General Reception

Tuesday, December 10

7:00am-5:00pm
8:00am-9:30am
8:00am-9:30am
9:30am-5:30pm
9:30am-10:00am
10:00am-11:30am
11:30am-12:15pm
12:20pm-1:20pm

1:30pm-3:00pm
3:00pm-3:30pm
3:30pm-5:00pm

Registration

Technical Sessions
Military Keynote: Lukens
Exhibits Open
Refreshment Break
Technical Sessions
Lunch Break

Titan of Simulation:

Peter Glynn

Technical Sessions
Refreshment Break
Technical Sessions

General Information

Annapolis Registration
Annapolis 1

Annapolis 2
Annapolis 4

Cherry Blossom Lobby

Baltimore 4
Baltimore 2
Baltimore 3
Baltimore 5

Annapolis 1

Baltimore 4
Baltimore 5
Camellia 4

Baltimore 2
Baltimore 3

Annapolis 2/3
Cherry Blossom Foyer

Camellia 4
Annapolis 1

Annapolis Registration
Woodrow Wilson
Ballroom

Cherry Blossom
Ballroom

Cherry Blossom
Ballroom

See program

On Your Own

Woodrow Wilson
Ballroom

See program

Cherry Blossom
Ballroom

See program
Annapolis 1

Cherry Blossom Lobby

Annapolis Registration
See program

Azalea 3

Cherry Blossom Lobby
Cherry Blossom Ballroom
See program

On Your Own

Woodrow Wilson
Ballroom

See program

Cherry Blossom Ballroom
See program
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3:30pm-5:00pm  MASM Keynote: Herlitschka Baltimore 3

5:30pm-7:30pm  ACM/SIGSIM Meeting Baltimore 2
6:15pm-8:00pm  INFORMS-SIM Meeting Baltimore 1
6:30pm-8:30pm  Vendor User Groups See page 5
4:45pm-6:00pm  MASM Reception Baltimore 3
Wednesday, December 11
7:00am-11:30am  Registration Annapolis Registration
8:00am-9:30am  Technical Sessions See program
9:00am-11:30am  Exhibits Open Cherry Blossom
Ballroom
9:30am-10:00am  Refreshment Break Cherry Blossom
Ballroom
10:00am-11:30am Technical Sessions See program

General Information



Special Events

New Attendee Orientation

If you are attending WSC for the first time, don’t miss this informal and infor-
mative orientation on Sunday, December 8 from 8:30-9:00pm, in Annapolis 2.
Typically, over thirty percent of WSC attendees identify themselves as first-
timers. The WSC *19 Committee will be on hand to answer your questions.

Exhibits

Take this opportunity to meet with vendors of simulation software, applications
and services, and with representatives of simulation-related professional soci-
eties. Displays and demonstrations allow you to examine and compare many
different products and services. You also have the chance to talk informally with
the developers of leading simulation products. Exhibits are open:

Monday 9:30am-5:30pm
Tuesday 9:30am-5:30pm
Wednesday 9:00am-11:30am

Exhibitor directory and floor plan on pages 128-134.

Monday Evening Reception

Join us on Monday evening, 6:30-8:30pm in Cherry Blossom Lobby for good
food and camaraderie. The reception is a great place to meet with other simula-
tion professionals, many of your old friends, and just relax and recharge for the
rest of the week. Admission to the party is included in your registration fee;
guest tickets are available at the WSC registration desk ($20).

User Group Meetings

Plan to attend these informative meetings on Tuesday evening, 6:30pm-8:30pm.

Group Room
The AnyLogic Company Baltimore 5
Applied Materials Annapolis 1

®

Rockwell Automation (Arena® Software) Camellia 4
SIMIO Simulation & Scheduling Software Annapolis 3

General Information
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Sponsors
The Winter Simulation Conference 2019 expresses thanks to the

organizations who have contributed direct financial support to help make this
conference a success.

Platinum Sponsors
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Silver Sponsors

CREATE SOFT

.com
Process Improvement Solutions
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TENNESSEE
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Modeling, Simulation & Visualization Engineering
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Sponsoring Societies

ACM/SIGSIM: Association for Computing Machinery: Special Interest
Group on Simulation

ASA: American Statistical Association, Technical Co-Sponsor
ASIM: Arbeitsgemeinschaft Simulation, Technical Co-Sponsor

IEEE/SMC: Institute of Electrical and Electronics Engineers: Systems,
Man, and Cybernetics Society, Technical Co-Sponsor

IISE: Institute of Industrial and Systems Engineers

INFORMS-SIM: Institute for Operations Research and the Management
Sciences: Simulation Society

NIST: National Institute of Standards and Technology (NIST), Technical
Co-Sponsor

The Operational Research Society (ORS-UK), Technical Co-Sponsor

SCS: The Society for Modeling and Simulation International

Sponsors
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Preface

From the General Chair
Welcome to the 2019 Winter Simulation Conference (WSC) in National Harbor.

The theme of this year’s conference is “Simulation for Risk Management”.
So, WSC 2019 will focus on the use of simulation to address a wide range
of individual and societal risks. In addition to our traditional lineup of tracks,
our Program Chair, Peter J. Haas, has organized tracks associated with the
WSC 2019 theme such as uncertainty quantification and robust simulation,
environment sustainability and risk, financial risk management, risk analysis,
safety applications, and cybersecurity.

We have a superb lineup of keynote and titan speakers. Robert Atlas, Director
Emeritus of National Oceanic and Atmospheric Administration (NOAA)
Atlantic Meteorological Laboratory, will give the opening keynote talk. Our
military keynote speaker is Mark W. Lukens, Senior Operations Research
Analyst for Cyber Analytics within the Office of the Undersecretary of Defense,
Acquisition and Logistics. In the “Titans of Simulations” plenary talks, two
excellent speakers will present just before the conference lunches: Peter Glynn,
Thomas Ford Professor at Stanford University, and Margaret Loper, a principal
research scientist at Georgia Tech Research Institute. John R. Birge, Jerry W.
and Carol L. Levin Distinguished Service Professor of Operations Management
at The University of Chicago will hold the PhD colloquium keynote. WSC
also incorporates the Modeling and Analysis of Semiconductor Manufacturing
(MASM) conference-within-a-conference. This conference features MASM
keynote by Sabine Herlitschka, Chief Executive Officer and Chief Technology
Officer of Infineon Technologies Austria AG.

Alarge part of this longevity of WSC is attributable to the remarkable consistency
and quality of the program and conference experience from year to year. As
most of you know, this quality and consistency does not happen by accident.
Conference planning and preparation is a 5-year process guided by the WSC
Board of Directors, whose members represent our sponsoring societies. Members
of the board typically serve 6-10 year terms, and have often served in conference
organization roles prior to their service on the board. They provide the essential
institutional memory that enables the continuity of the conference year after year.
I am grateful to the WSC Board, led by Jeffrey S. Smith, for their strong support
along the road to WSC 2019. All wisdom, advice and guidance from previous
WSC organizers have been essential assets to make WSC 2019 successful.

Each conference is a result of the efforts of the conference committee along with
the board’s guidance. WSC 2019 has been fortunate to have a tremendous team of
volunteers. I am honored to have been working with each of them. In particular,
I would like to acknowledge: Our Program Chair, Peter J. Haas, put in many
long hours and organized a truly outstanding program. Our Business Chair,
Hosni Adra, kept us strict and sound for a conference experience worthwhile
to remember: both for the scientific content as well as for the venue and the
food. Our Proceedings Editors, Nav Mustafee, Markus Rabe, Ki-Hwan G.
Bae, Claudia Szabo, and Sanja Lazarova-Molnar, worked with our authors
and publisher to produce a high-quality record of this landmark conference.
Our Board Liaison, Enver Yucesan, was always available for responses and
guidance on critical decisions. Exhibit Chairs, Soumyadip Ghosh and Edward
J. Williams organized a high quality and extensive collection of booths in the
exhibit hall. Please visit the booths often! Our Sponsorship Chairs, Nurcin
Celik and Xueping Li, coordinated academic and corporate sponsorships with
items and attendee giveaways. I am excited to share with you that WSC 2019
made a new record in the highest amount of sponsorship. Our Registration
Chair, Sojung Kim, ensured that all our authors were successfully registered
and handled the processing of visa and invitation letters, as needed, for our
international attendees. Our Publicity Chairs, Chao Meng, Oliver Rose, and
Victor Chan, did a fantastic job of publicizing the conference through surface
and electronic mail, as well as through our social media presence on LinkedIn,
Facebook, Twitter, and WeChat. Finally, Mike Kuhl continuously provided his
generous support for the WSC mobile app.

In addition to our hard working volunteers, WSC enlists the professional services
of Omnipress, our publisher, Linklings, our web-based paper management
partners, and INFORMS, for our web site and conference management services.
A very special thanks to Liz Hood at INFORMS for her essential support to the
conference. We could not have done this without her!

Preface
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I would also like to thankfully acknowledge the generous support from the
sponsors, which makes our conference possible. They are Bayer, CreateASoft,
FlexSim Software Products, Old Dominion University, Rockwell Automation,
SAS, Simio, Springer, The AnyLogic Company, University of Arizona, University
of Massachusetts Amherst, University of Miami, and University of Tennessee
Knoxville.

On a personal note, I would like to express my gratitude to the WSC-community.
I got a very warm welcome at my first WSC year 1999, where I presented at the
PhD colloquium. Since then, the WSC has been a landmark every year for me.
I have learned a lot from many leaders and friends in this community. It is an
honor to work with each of you in bringing about this amazing journey resulting
in the WSC 2019 in National Harbor, Maryland.

Finally, I would like to thank all our authors, referees, track chairs, session
chairs, and attendees. For many of you WSC is an anticipated annual reunion
with colleagues and friends. And for some of you, this could be your first WSC.
It is my great pleasure and privilege to welcome you to WSC 2019! I hope you
enjoy the conference and find it professionally rewarding.

Young-Jun Son
WSC 2019 General Chair

From the Program Chair

As we navigate through uncertain and challenging times, simulation is more
important than ever as a powerful tool to guide us in making the crucial deci-
sions that will affect us all. The 2019 conference seeks to highlight the latest
simulation technologies for more accurately anticipating risks and for making
more robust decisions in the face of uncertainty, ambiguity, and variability. I
encourage attendees to attend the many excellent presentations pertinent to the
conference theme of “simulation for risk management”. These include methods
for robust and accurate simulation modeling, analysis, and optimization, as well
as papers describing applications of simulation to risk management in a broad
variety of domains, including healthcare, disaster response, natural resources,
construction, transportation, finance, cybersecurity, and more.

It has been an honor to coordinate the scientific program for this year. The high
quality of the proceedings bears witness to the efforts of all the participants. The
Program for WSC 2019 includes three categories of articles: contributed full
papers, invited full papers and extended abstracts. The papers in the first two
categories were rigorously reviewed, and they will be archived in both the IEEE
and ACM Digital Libraries. This year, 244 contributed full papers were submit-
ted for review, of which 176 (or 72%) are published. In addition, 136 invited
full papers were submitted for review, of which 131 (or 96%) are published,
bringing the total number of full paper submissions to 380. The 307 selected,
peer-reviewed papers constitute the core of the WSC 2019 Program. The third
category of submissions consists primarily of extended abstracts for the Poster,
Industrial Case Studies, and Vendor tracks, as well as for the PhD colloquium.
These submissions are reviewed but not published by IEEE and ACM; however,
they are available within the program and at the WSC Web Archive. This year,
there were 118 submissions in this category, of which 95 (or 81%) will be pre-
sented at the conference. In summary, WSC 2019 had 498 submissions, out of
which 394 made it into the Program. The accepted submissions were authored
by 1009 different researchers from 44 countries in five continents.

Within the program, the submissions have been organized into 19 parallel streams.
Our Keynote Speaker will describe the use of simulation for risk management in
the specific setting of extreme weather, a topic of steadily increasing importance.
There are two tutorial tracks: Introductory and Advanced. Modeling and methods
tracks include agent-based simulation; modeling methodology; complex, intelli-
gent, adaptive and autonomous systems; big data in simulation; and hybrid simula-
tion. Analysis tracks include simulation optimization and analysis methodology.
The application-oriented tracks include aviation modeling and analysis; environ-
mental and sustainability and risk; healthcare applications; safety applications;
logistics, supply chain modeling and transportation; manufacturing applications;
military applications; networks and communications; project management and
construction; scientific applications; and simulation education. Some additional
tracks aimed specifically at the conference theme include risk management;
financial risk management; and uncertainty quantification and robust simulation.
The WSC continues its long relationship with MASM, Modeling and Analysis of
Semiconductor Manufacturing, the conference within the conference. There are
special panels on conceptual modeling for hybrid simulation, simulation for cyber

Preface
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risk management, teaching simulation in academia and industry, approaches for
developing hybrid simulations, creating credible agent-based simulations, digital
twin for smart manufacturing, and using simulation for training and war gaming.
Besides soliciting invited papers from distinguished members of the simula-
tion community, the conference recognizes contributed papers of exceptionally
high quality via two Best Contributed Paper awards, one for theory and one for
applications. In each category, the reviewers and track committees determined
five finalists, and an independent panel of three distinguished members of the
simulation community selected the winning paper from the set of finalists. We
encourage you to attend the corresponding talks for all of these excellent papers,
which are listed in the booklet. The winners in each category will be announced
during the Monday morning plenary session. I wish to thank panel members
Shane Henderson, Henry Lam, Pierre L’Ecuyer (theory), and John Fowler,
Oliver Rose, Simon Taylor (applications) for their efforts.

The PhD colloquium and Poster Flash Presentation sessions take place Sunday
afternoon. Presenters in these two tracks will give overviews of their posters,
which will then be on display after the sessions conclude. The tracks provide
forums for researchers and students to discuss their work, and the posters will
remain available during the conference. Practitioners will exchange ideas within
Case Studies Track. Vendors will present their latest tools and techniques in the
vendor track during the main conference, as well as in workshops on Sunday.

The high quality of the WSC program could not have been achieved without
the hard work of the program committee, track coordinators, and reviewers. We
conducted 1302 high quality reviews from 77 Track Chairs, their 496 Track
Program Committee Members, and another 72 External Reviewers. You will find
a list of all the track coordinators and reviewers towards the end of the program
booklet. Also in the booklet is a list of the recipients of the 2019 WSC Outstanding
Reviewer Award; the track committees wish to recognize these individuals for
their outstanding efforts in producing paper reviews of exceptional thorough-
ness, depth, and insight. I give my sincerest thanks to everyone on the Program
Committee for their hard work. I would like to recognize the proceedings team,
Nav Mustafee, Ki-Hwan G. Bae, Sanja Lazarova-Molnar, Markus Rabe,
and Claudia Szabo for their dedicated service. It was a pleasure to collaborate
with Nav, who led a team that was responsive and effective, and worked tire-
lessly to ensure the high quality of the papers in the conference. Likewise, the
extreme dedication of track chairs in ensuring the quality of the materials and
being responsive to the authors, to me, and to each other, has been invaluable.
I especially benefitted from the patience, wisdom, and experience of Markus
Rabe, Andreas Tolk, and last year’s Program Chair, Sanjay Jain. I am also
grateful to my co-chair Theresa Roeder, who ensured our forward progress when
I was not available and made my job easier when I was. In addition, without the
support of Mark Montague, Luke Montague, Leah Glick, and Taylor Carr
at Linklings LLC, it would have been impossible to complete the many tasks
necessary within the Paper Management System. I would like to recognize the
tireless work of Liz Hood of INFORMS for the administrative support for the
conference. I would also like to thank Enver Yiicesan, our WSC board liaison
and the WSC board, led by Jeffrey S. Smith, for their guidance and support.

Finally, I would like to thank our General Chair, Young-Jun Son, our Business
Chair, Hosni Adra, and the rest of the organizing committee for the dedicated
teamwork that brought this year’s edition of WSC into being. I attended my first
WSC in 1985, just after receiving my PhD, and the conference has been a source
of inspiration to me ever since, in both my industrial and academic careers.

Itis an honor and a pleasure to have this opportunity to serve both the conference
and our wonderful simulation community.

Peter J. Haas
WSC 2019 Program Chair

From the Proceedings Editors

Many people have contributed to making this Winter Simulation Conference a
success! We thank all the authors for not only choosing WSC for disseminating
their research, but also for their patience and help in getting the papers to conform
to the template. Without their responsiveness to the changes requested, we could
not have ensured consistency in formatting, and which eventually made possible
the publication of the proceedings of high quality. We thank the Program Chair
Peter Haas, the Track Chairs, Track Committee Members, and the Reviewers
who provided template-related comments and reminders to the authors during
the peer-review process, and which made our job easier!

Preface
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WSC provided, for the first time, an Overleaftemplate to allow authors to write
papers using LaTeX without the need for installing the software locally. The
developer of the template was Giulia Pedrielli. We thank her for this work and
also for answering authors’ queries related to the use of the template. There were
two other notable changes made to the template this year.

¢ The font size was reduced for references and author biographies. This al-
lowed for the inclusion of more scientific content. We thank Peter Haas for
assistance us with the LaTeX template.

»  For the formatting of references, we have reverted to the style standards
of The Chicago Manual of Style (CMOS), 17th Edition. We thank James
Wilson for his guidance in this matter.

We acknowledge the outstanding support provided by the Linklings team in
helping us to improve our ability to manage the papers and streamline the editorial
process. In particular, we thank Leah Glick and Mark Montague.

The program includes around 300 full papers distributed over 27 tracks as well
as many abstracts, including contributions from vendors, industrial cases, and
poster presentations. All accepted full papers will be submitted and published
in both the ACM and the IEEE Digital Libraries. The remaining materials will
also be available through the WSC web archive. The poster session will allow
presenters to share their work-in-progress and receive valuable feedback from
the conference attendees. Such interactions are expected to lead to potential
avenues for future collaborations. Those PhD students who have submitted a
full paper in addition to taking part in the Doctoral Colloquium compete for the
best paper awards, which will be presented by ACM/SIGSIM and INFORMS
Simulation Society.

Editing the proceedings has been a challenging yet gratifying, endeavour for
us. The lead editor for this year (Nav) steps down after serving as a member of
the proceedings team for three years running (WSC17, WSC18, and WSC19).
Ki-Hwan will lead the proceedings team for next year’s conference.

‘We hope everyone has a productive conference!

Nav Mustafee

Ki-Hwan G. Bae

Sanja Lazarova-Molnar
Markus Rabe

Claudia Szabo

WSC 2019 Proceedings Editors

Preface
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In Memoriam: James O. Henriksen

James O. Henriksen, one of the pioneers in the field of
computer simulation, passed away on April 6, 2019.
This commemoration of Jim summarizes his ground-
breaking contributions to the development of software
and methodology for simulation of complex systems
as well as his service to WSC and the international
simulation community.

Jim’s career in simulation began in 1967, when he
joined The University of Michigan Computing Center
(UMCC) and took over the maintenance and support
of the GASP II, SIMSCRIPT II, and GPSS/360 simulation languages running
under the Michigan Terminal System on an IBM 360/67 computer. He took Tom
Schriber’s graduate course on simulation using GPSS in the spring of 1968, thus
starting a collaboration and friendship that continued for 51 years. Subsequently
Jim served in the US Army (1968—1970), where he applied his simulation ex-
pertise to top-secret analyses of the Safeguard Antiballistic Missile Program.
Then he resumed his work with UMCC and Tom Schriber (1970-1974) before
joining Consolidated Analysis Centers Inc. (CACI) to implement SIMSCRIPT
I1.5 on the Univac 1108 computer (1974-1975).

Jim founded Wolverine Software in 1976 to develop and market a new version of
GPSS that would substantially outperform its competitors. In 1977 Jim introduced
GPSS/H, which was the culmination of his ideas for performance improvement
that he derived from his experiences with various simulation models running on
different computers. Since that time Jim made landmark contributions to the area
of simulation software design, implementation, and applications as exemplified
by the following papers.

Henriksen, J. O. 1975. “Building a Better GPSS: A 3:1 Performance En-
hancement.” In Proceedings of the 1975 Winter Simulation Conference,
edited by O. S. Madrigal and R. Huntsinger, 465-469. La Jolla, California:
Simulation Councils, Inc.

Henriksen, J. O. 1977a. “An Interactive Debugging Facility for GPSS.”
In Proceedings of the 1977 Winter Simulation Conference, edited by H. J.
Highland, R. G. Sargent, and J. W. Schmidt, 331-338. Piscataway, New
Jersey: Institute of Electrical and Electronics Engineers.

Henriksen, J. O. 1983. “The Integrated Simulation Environment (Simula-
tion Software of the 1990s).” Operations Research 31 (6): 1053—1073.

Brunner, D. T., and J. O. Henriksen. 1989. “A General Purpose Animator.”
In Proceedings of the 1989 Winter Simulation Conference, edited by E. A.
MacNair, K. J. Musselman, and P. Heidelberger, 155—163. Piscataway, New
Jersey: Institute of Electrical and Electronics Engineers.

Henriksen, J. O. 1993. “SLX, The Successor to GPSS/H.” In Proceedings
of the 1993 Winter Simulation Conference, edited by G. W. Evans, M.
Mollaghasemi, E. C. Russell, and W. E. Biles, 263-268. Piscataway, New
Jersey: Institute of Electrical and Electronics Engineers.

Earle, N.J., and J. O. Henriksen. 1994. “Proof Animation: Reaching New
Heights in Animation.” In Proceedings of the 1994 Winter Simulation
Conference, edited by J. D. Tew, S. Manivannan, D. A. Sadowski, and
A. F. Seila, 509-516. Piscataway, New Jersey: Institute of Electrical and
Electronics Engineers.

Henriksen, J. O. 2008. “Taming the Complexity Dragon.” Journal of
Simulation 2:3—17.

In Henriksen (1977a), Jim documented the performance improvements deliv-
ered by GPSS/H versus competing versions of GPSS, especially with respect
to interactive debugging facilities and the extraordinary increases in execution
speed achieved by implementing the model translator as a compiler instead of an
interpreter. In Henriksen (1983), Jim laid out a road map for advances in simula-
tion software that would be needed in the future. With the development of SLX
(Henriksen 1993, 2008) and Proof Animation (Brunner and Henriksen 1989, Earle
and Henriksen 1994), Jim and his collaborators provided state-of-the-art software
tools to meet those needs. SLX is an extensible general-purpose simulation lan-
guage that enables users to implement new modeling and analysis facilities using
the same tools that were used to develop baseline SLX. Proof Animation enabled
users to create high-resolution two- and three-dimensional animations not only
for simulations but also for a wide range of other applications.

Tribute to James O. Henriksen
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In a remarkable series of papers on using simulation to solve complex problems,
Jim laid a foundation for the art of simulation modeling as documented in the
following paper and its references.

Henriksen, J. O. 1989. “Alternative Modeling Perspectives: Finding the
Creative Spark.” In Proceedings of the 1989 Winter Simulation Conference,
edited by E. A. MacNair, K. J. Musselman, and P. Heidelberger, 648—652.
Piscataway, New Jersey: Institute of Electrical and Electronics Engineers.

Perhaps the most intriguing aspect of Jim’s technical work concerns the develop-
ment of efficient algorithms for the management of simulation event lists. The
following papers exemplify Jim’s seminal contributions in this area.

Henriksen, J. O. 1977b. “An Improved Events List Algorithm.” In Proceed-
ings of the 1977 Winter Simulation Conference, edited by H. J. Highland,
R. G. Sargent, and J. W. Schmidt, 547-557.

Henriksen, J. O. 2009. “Efficient Modeling of Delays in Discrete-Event
Simulation.” In Advancing the Frontiers of Simulation: A Festschrifi in
Honor of George Samuel Fishman, edited by C. Alexopoulos, D. Goldsman,
and J. R. Wilson, 105-141. New York: Springer Verlag.

It is noteworthy that in addition to the numerous short courses on simulation
that he gave around the world, Jim taught simulation and other computer sci-
ence courses as a Teaching Assistant at The University of Michigan and as an
Adjunct Professor of Computer Science at Virginia Tech Northern Virginia Center.

Jim also served WSC in several positions of great responsibility. While serving
as the Business Chair for WSC 1981, he initiated the addition of the exhibits
area, which was inaugurated in 1984. While serving as the General Chair for
WSC 1986, he introduced a manufacturing track into the program, which was
another major enhancement of the conference. During the period 1987-1990,
Jim served on the Board of Directors as the representative of ACM/SIGSIM.
For the Twenty-Fifth Anniversary WSC in 1992, Jim was one of four keynote
speakers as documented in the Proceedings paper https://informs-sim.org/
wsc92papers/1992_0001.pdf.

Jim received the highest forms of recognition for his pioneering work in com-
puter simulation. In 2006 he presented the WSC Titans of Simulation Plenary
Address titled “Taming the Complexity Dragon,” https://www.informs-sim.org/
wscO6papers/henriksen.pdf; see also Henriksen (2008). In 2013 he discussed
all aspects of his career in a video-recorded interview with Prof. Dick Nance
(Virginia Tech) for the Computer Simulation Archive at the North Carolina
State University (NCSU) Libraries, https://d.lib.ncsu.edu/computer-simulation/
videos/james-o-henriksen-interviewed-by-richard-e-nance-henriksen/. In 2018
Jim received the Lifetime Professional Achievement Award from the INFORMS
Simulation Society, which is the highest award given by that society for major
contributions to the field of simulation.

Jim Henriksen’s professional achievements are remarkable not only for their
impact on the field of simulation but also for the length of time over which that
impact was sustained in all its dimensions. We will continue to benefit from
Jim’s work far into the future. Jim was a polymath in an age of hyperspecializa-
tion; an entrepreneur with an overriding concern for his employees’ personal
and professional advancement; a humorist of penetrating insight; and above all,
a man whose brilliance, patience, and kindness had an extraordinary effect on
everyone whose life he touched. He will be greatly missed.

Tribute to James O. Henriksen
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KEYNOTE ADDRESS
Monday, 8:00am-9:30am
Woodrow Wilson Ballroom

Modeling and Simulation for Reducing the Risks Associated with Extreme
Weather

Robert Atlas, Director Emeritus
NOAA Atlantic Oceanographic and Meteorological
Laboratory

The reduction of losses related to hurricanes and other
extreme weather phenomena involves many complex
aspects ranging from purely theoretical, observational,
computational and numerical, to operational and deci-
sional. A correct warning can lead to proper evacuation
and damage mitigation, and produce immense benefits. However, over-warning
can lead to substantial unnecessary costs, a reduction of confidence in warn-
ings, and a lack of appropriate response. In this chain of information, the role
played by scientific research is crucial. The National Oceanic and Atmospheric
Administration (NOAA), in combination with the National Aeronautics and
Space Administration (NASA), other agencies, and universities is contributing to
these efforts through observational and theoretical research to better understand
the processes associated with extreme weather. This includes model and data
assimilation development, Observing System Experiments (OSE), and Observ-
ing System Simulation Experiments (OSSE) designed to ascertain the value of
existing observing systems and the potential of new observing systems to improve
weather prediction and theoretical understanding. We describe innovative research
for developing advanced next-generation global and regional models to improve
weather prediction, and the application of OSSEs to optimize the observing system.

Dr. Robert Atlas is the former Chief Meteorologist at NASA’s Goddard Space
Flight Center (GSFC), and is the Director Emeritus of the National Oceanic and
Atmospheric Administration’s (NOAA) Atlantic Oceanographic and Meteo-
rological Laboratory in Miami, Fla. Some of the areas he focused his research
on included the prediction, movement and strengthening of hurricanes. He has
worked with both satellite data and computer models as a means to study these
hurricane behaviors.

Dr. Atlas received his Ph.D. in Meteorology and Oceanography in 1976 from New
York University. Prior to receiving the doctorate, he was a weather forecaster in
the U.S. Air Force where he maintained greater than 95 percent forecast accuracy.
From 1976 to 1978, Dr. Atlas was a National Research Council Research As-
sociate at NASA’s Goddard Institute for Space Studies, New York, an Assistant
Professor of Atmospheric and Oceanic Science for SUNY and Chief Consulting
Meteorologist for the ABC television network.

In 1978, Dr. Atlas joined NASA as a research scientist. He served as head of the
NASA Data Assimilation Office from 1998-2003, and as Chief meteorologist at
NASA GSFC from 2003-2005. Dr. Atlas has performed research to assess and
improve the impact of satellite temperature sounding and surface wind data since
1973. He was a key member of the team that first demonstrated the significant
impact of quantitative satellite data on numerical weather prediction and is the
world’s leading expert on Observing System Simulation Experiments, a technol-
ogy that enables scientists to determine the quantitative value of new observing
systems before funds are allocated for their development.

He served as a member of the Satellite Surface Stress Working Group, the NASA
Scatterometer (NSCAT) Science Team, the ERS Science Team, the SeaWinds
Satellite Team and the Working Group for Space-based Laser Winds, the Scientific
Steering Group for GEWEX, Chairman of the U.S. World Ocean Circulation
Experiment (WOCE) Advisory Group for model-based air-sea fluxes, and the
Council of the American Meteorological Society. He is currently a member of
the Science Teams for two NASA space missions.

From 1974-1976, he developed a global upper-ocean model and studied oceanic
response to atmospheric wind forcing as well as large-scale atmospheric response
to sea surface temperature (SST) anomalies (unusual events). In more recent
years, his research concentrated on the role of how the air and sea interacts in the
development of cyclones, the role of soil moisture and unusual SST events in
the initiation, maintenance and decay of prolonged heat waves and drought, and
most recently on the modeling and prediction of hurricane formation, movement
and intensification.

Keynote Addresses / Monday, 8:00am-9:30am



TITANS OF SIMULATION
Monday, 12:20-1:20pm
Woodrow Wilson Ballroom

Simulation Trust in the Internet of Things

Margaret Loper

Chief Scientist, Information & Communications
Laboratory

Chief Technology Officer, Center for the Development
and Application of Internet of Things Technologies
Associate Director, GT Institute for Information Security
& Privacy

Georgia Tech Research Institute

The urban environment is becoming increasingly more connected and complex.
In the coming decades, we will be surrounded by billions of sensors, devices and
machines, the Internet of Things (IoT). As the world becomes more connected,
we will become dependent on machines and simulations to make decisions on
our behalf. When simulations use data from sensors, devices and machines (i.e.,
things) to make decisions, they need to learn how to trust that data as well as the
things (and simulations) they are interacting with. As simulations become more
commonplace in [oT and smart city applications, it is essential that decision mak-
ers are able to trust the simulations making decisions on their behalf. This talk
is focused on simulation and model trust, including the fundamental principles
concerning how trust is established, maintained and used in simulations and a
theory behind their operations.

Margaret L. Loper is a principal research scientist at Georgia Tech Research
Institute. She is the chief scientist of the Information & Communications
Laboratory, Director — Trust at GT Institute for Information Security & Privacy
(IISP) and the Chief Technology Officer of the Center for the Development and
Application of Internet of Things Technologies (CDAIT).

Her current research is in the area of computational trust algorithms for machine-
to-machine communications. Loper also teaches simulation courses for both
academic and professional education, and she is involved in projects that bring
modeling and simulation into K-12 education.

Dr. Loper has been involved in modeling and simulation for more than 30 years,
specifically focused on parallel and distributed systems. Loper has led projects
on compliance testing and federation testing, as well as the interoperability of
live, virtual and constructive systems. Previous work in casual ordering focused
on improving performance of synchronization algorithms by exploiting tem-
poral uncertainty of simulation events. Past projects at Georgia Tech included
the Department of Defense High-Level Architecture Federate Testing project,
which consisted of the process, tools, and procedures used for HLA compliance
and the HLA Federation Verification Tool used to assist federation developers
during federation integration. Other projects included the M&S WebBook,
Distributed Interactive Simulation Standards Development, and DIS compliance
test procedures and tools.

Dr. Loper earned a Doctorate in Computer Science from Georgia Tech, a Master’s
in Computer Engineering from the University of Central Florida, and a Bachelor

of Science in Electrical Engineering from Clemson University.

Women in Technology named Loper the 2010 Woman of the Year in Technol-
ogy in the Medium Business category.

Keynote Addresses / Monday, 12:20-1:20pm
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TITANS OF SIMULATION
Tuesday, 12:20-1:20pm
Woodrow Wilson Ballroom

Uncertainty and Risk: Simulation, Stochastics, and Statistics

Peter W. Glynn
Thomas Ford Professor, School of Engineering,
Stanford University

Simulation has become the critical tool in understand-
ing uncertainty in a wide range of disciplines. In this
talk, we will discuss how simulation is influencing both
stochastics and statistics, and also discuss insights for
the simulation modeler that derive from these method-
ological areas. We will also talk about how the interac-
tions between simulation, stochastics, and statistics are
changing in light of advances in machine learning, increasing data volumes, and
the growing availability of inexpensive parallel computing platforms.

Peter W. Glynn is the Thomas Ford Professor in the Department of Management
Science and Engineering at Stanford University. He is a Fellow of INFORMS and
of the Institute of Mathematical Statistics, has been co-winner of Best Publica-
tion Awards from the INFORMS Simulation Society in1993, 2008, and 2016,
and was the co-winner of the John von Neumann Theory Prize from INFORMS
in 2010. In 2012, he was elected to the National Academy of Engineering. His
research interests lie in stochastic simulation, queueing theory, and statistical
inference for stochastic processes.

Keynote Addresses / Tuesday, 12:20-1:20pm



MILITARY KEYNOTE
Tuesday, December 10, 8:00am-9:30am
Azalea 3

Cyber Resiliency Wargame Series — Assessing Cyber Risk to Mission for
Combat Commanders

Mark W. Lukens

Senior Operations Research Analytics
Undersecretary of Defense Acquisition and Logistics
Department of Defense

Cyber resilience is typically examined in a stove-piped
fashion and not well integrated into systems development,
operational planning and acquisition. Cyber resilience
encompasses people, processes, technology and data,
BUT technology is the typical focus of weapon system cyber assessments. Cyber
resiliency requires a mission assessment of system vulnerabilities. However, two
unique perspectives exist within the DoD that need to be integrated.

Combatant Commanders are focused on the “so what” for cyber and have concerns
which include but are not limited to: Theater Network Operations, alignment of
scheme of maneuver to dynamic Key Cyber Terrain, and a more complex challenge
of synchronizing authorities, C2 and warfare integration to disrupt and defend Kill
Chains that impact scheme of maneuver.

Acquisition focused commands (OSD and Services) must concern themselves with
Weapon System Resilience (people, processes and tools), enhancing Cyber Vulner-
ability Assessments, and to support warfighting requirements they must gain a deep
understanding of mission impacts. When assessing a system of systems architecture
(such as GPS), the analysis must be rooted in systems engineering and address:

e (ritical nodes that affect mission performance

e Prioritization of risk with a deeper understanding of threats, vulnerabilities
and mission impact

e Rank order prioritization of investments to exploit (or defend) critical nodes

To meet these challenges, traditional qualitative wargames and exercises can
be enhanced with a combined approach of systems engineering analysis, threat
awareness and M&S tools to provide a more discrete assessment of offensive cyber
impacts and defensively oriented cyber resilience.

Mark W. Lukens is the Senior Operations Research Analyst for Cyber Analytics
within the Office of the Undersecretary of Defense, Acquisition and Logistics.
He has developed and is the wargame director for the Cyber Resiliency Wargame
series. He is also the lead for the Cyber Mission Model and the Economics of
Cyberspace Operations projects for the Department of Defense.

Dr. Lukens received his PhD in Computational Science from George Mason
University in 2004. He also holds three Masters Degrees, two from Georgia Tech
in Operations Research and in Industrial Engineering, and one from the U.S.
Army War College (Strategic Studies). In 1986 he graduated first in Operations
Research at the United States Military Academy (USMA).

His previous positions at the Pentagon include Division Chief of Program
Development, Army G-8, Program Analysis and Evaluation; Division Chief of
Manpower and Forces Analysis, Army G-8; Senior Analyst, Projection Forces,
OSD Program Analysis and Evaluation; and Branch Chief and Force Structure
Analyst, Army G-1. He has also been a Research Staff Member at the Institute
for Defense Analysis; Military Deputy for Army Materiel Systems Analysis
Activity at Aberdeen Proving Ground; Director of the NATO ISAF Afghanistan
Assessment Group in Kabul Afghanistan; and an Assistant Professor and
Instructor in the Department of Mathematical Sciences at USMA, West Point.
He is a retired Army Colonel with over 29 years of active service, including
experience as an infantry officer and paratrooper, with service in Desert Storm.

He has received a number of awards and decorations, including the ORSA
Military Application Section Award for the top cadet in Operations Research at
USMA,; Outstanding Strategic Research Paper, US Army War College; Defense
Superior Service Medal; Legion of Merit, (with 3 Oak Leaf clusters); Bronze
Star; Combat Infantryman’s Badge; Ranger Tab; and Master Parachutist Badge.

Keynote Addresses / Tuesday, December 10, 8:00am-9:30am
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MASM KEYNOTE

Tuesday, December 10, 3:30pm-5:00pm
Baltimore 3

A European View on Future Semiconductor Industry Needs for MASM

Sabine Herlitschka
Chief Executive Officer and Chief Technology Officer
Infineon Technologies Austria AG

The Modeling and Analysis of Semiconductor Manu-
facturing (MASM) conference and related previous
conferences have emerged from the Joint European
Submicron Silicon Initiative (JESSI)/SEMATECH col-
laboration project in the late 90s of the last century. The
Measurement and Improvement of Manufacturing Capacity (MIMAC) data
sets, which also include a simulation model of an Infineon facility, served for
decades as reliable simulation reference models with substantial complexity to
test academic solutions for research questions coming from academia itself and
from the industry. More than a thousand peer-reviewed publications speak im-
pressively to the academic and industry coverage of MASM. Discrete-event and
agent-based simulation have moved from the tool and factory level to the entire
semiconductor supply chain and sometimes even beyond, covering the domains
of value chains containing semiconductors. However, at the heart remained
semiconductor manufacturing and semiconductor development.

With “Horizon 2020” the European Commission has set up the largest inter-
national collaborative research and innovation program. ECSEL, the Initiative
on “Electronic Components and Systems for European Leadership” is the joint
strategic European approach building on the JESSI experiences. Projects under
the ECSEL umbrella contribute to reaching the next level for semiconductor
development, manufacturing and supply chain. In this talk, some first results of
trend-setting projects will be discussed. In the long term, it is very likely that
new technologies such as Big Data, semantic web, Al with Deep Learning will
change the way how we develop and manufacture semiconductors. The ques-
tion is: how and who? MASM has to play a crucial role on the way to answer
this question. Clearly, the semiconductor industry and its related B2B World
containing semiconductors have the capacity to lead this change, thus unlocking
the broader innovation potential towards the B2C World.

Sabine Herlitschka is Chief Executive Officer and Chief Technology Officer
of Infineon Technologies Austria AG.

Her professional career includes industrial biotechnology research, international
research & innovation management and financing, Internships at leading U.S.
organizations (National Science Foundation, American Association for the Ad-
vancement of Science), Fulbright Scholar at George Washington University and
Johns Hopkins University/SAIS, as well as founding Vice-Rector for Research
Management & International Cooperation at the Medical University of Graz/
Austria. Before joining Infineon Technologies Austria, Herlitschka was Director
of European and International Programs in the Austrian Research Promotion
Agency. For more than 20 years she has been involved in strategic European
Research & Innovation Programs as project coordinator, evaluator, and member
in pioneering European & international expert groups. Amongst others, she is
Chair of the Governing Board of ECSEL — the Electronic Components and
Systems for European Leadership Program. Herlitschka holds a Ph.D. in Food-
and Biotechnology with Postdoc specialization in molecular biology and genetic
engineering and a Master of Business Administration.

Keynote Addresses / Tuesday, December 10, 3:30pm-5:00pm



Vendor Workshops
Sunday, 12:30p.m.-2:30p.m.

VENDOR WORKSHOPS / BALTIMORE 4
ExtendSim

Web-based Simulation with ExtendSim ASP

Presented by: Peter Tag

Publish ExtendSim models on a server and run them on any device, with
any browser, anywhere in the world, at any time. Leverage the limitless
computational power of the cloud remotely performing analysis on models with
ExtendSim ASP. No need to install ExtendSim. Simply use a browser to harness
the simulation power of ExtendSim. Join us to learn how easy it is to propagate
your models to the masses via a browser that interfaces with ExtendSim ASP.

VENDOR WORKSHOPS / BALTIMORE 2
PorbabilityManagement.org

Tutorial in Probability Management — Turning Siloed Simulations into a
Collaborative Network

Presented by: Dr. Sam L. Savage, Executive Director of ProbabilityManage-
ment.org & Shaun Doheney, Chair of Resources and Readiness Applications,
ProbabilityManagement.org

This workshop will demonstrate:

1. The Open SIPmath™ Standard — Conveying uncertainty as actionable data

2. Doug Hubbard’s HDR Pseudo Random Number Framework — Ensuring
Analytical Coherence

3. Tom Keelin’s Metalog Distributions — Capturing Uncertainty from Data
with Ease

Although platform agnostic, each of these technologies is supported by native
Excel without the use of Macros or Add-ins. If you want to model along in
Excel, we suggest downloading the Free SIPmath Tools at https://www.proba-
bilitymanagement.org/tools-1.

Topics:

* The Arithmetic of Uncertainty — The Hindu/Arabic Numerals of
Uncertainty

» Limbic Analytics — Connecting the Seat of the Intellect to the Seat of the
Pants

» Aggregating Simulations — Turning Siloed Stochastic Models into a
Collaborative Network

VENDOR WORKSHOPS / BALTIMORE 3
Simio Simulation & Scheduling Software

Teaching Simio Benefits
Presented by: Dave Sturrock and Alex Molnar

Why teach with yesterday’s technology in an evolving world? Simio offers
you an excellent opportunity to take advantage of emerging technology solu-
tions and apply them in your classrooms. Come learn about Simio and the
benefits of teaching with Simio simulation and Digital Twin solutions. This
workshop will highlight how Simio can be used to integrate Active Learning
in your classrooms. You will also be provided with an overview of Simio and
its ability’s to digital transform classroom exercises, course work, and research.

Simio can enhance your lessons and student’s research in STEM-related fields
including manufacturing and healthcare. Simio also offers grants, online train-
ings, and competitions to help your students gain real-world experiences. And
no! This isn’t a snake-oil pitch. Simio is currently used in 800 universities
worldwide and this is your opportunity to digitally transform your classroom!

Vendor Tracks / Sunday, 12:30p.m.-2:30p.m.
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VENDOR WORKSHOPS / BALTIMORE 5

Rockwell Automation (Arena® Simulation)

Rockwell Automation’s Arena Simulation
Presented by: Nancy B. Zupick, Manager, Simulation Consulting

Rockwell Automation’s Arena Simulation Suite is the leading simulation
package for nearly 40 years. It continues to provide end-user’s with an easy-to-
use interface that combines power with simplicity. We will review the newest
features of Arena Simulation, and show how you can continue to move forward
with our powerful simulation tool.

Sunday, 3:00p.m — 5:00 p.m.
VENDOR WORKSHOPS / BALTIMORE 4
The AnyLogic Company

AnyLogic Models as Virtual Environments to Train and Test Artificial
Intelligence for Business Applications
Presented by: Andrei Borshchev, Arash Mahdavi, Anatoly Zherebtsov

Although simulation modeling has been around for decades addressing general
purpose technical and business applications, the current trends and recent
advancements in technology have given significant relevance on a broader
scale. In this workshop we will quickly review simulation modeling and
the technology progression and consider major current trends including the
creation of digital twins and simulation technology in the cloud. Following,
we will broaden the discussion of simulation modeling by viewing it as part
of Al technology. As today’s Al developers are working on increasingly wide
range of business applications, they require a powerful and realistic virtual
environment to train and test the learning agents, which naturally creates a new
type of demand and requirements for simulation models. We will conclude with
major use cases and architectures of how AnyLogic simulation models integrate
with machine learning.

VENDOR WORKSHOPS / BALTIMORE 5
Applied Materials

Applied Materials Productivity Software Suite
Presented by: Stephen Mulvey and Dan Muller

The Applied Materials SmartFactory® software is the most comprehensive
control and productivity suite in manufacturing. It is powered by technologies
that are widely proven and deeply mature in high volume factories worldwide.
Applied SmartFactory senses factory activity, decides and predicts next actions,
and initiates resolution. Our customers are increasing yield and product output,
reducing cycle times and costs, and increasing profitability.

As part of the productivity suite of the SmartFactory offering, the AutoMod and

AutoSched Simulation products enable companies to make better planning and

manufacturing decisions by:

* Building virtual model Of A factory to analyze, Predict And Optimize
Operations

» Conducting High-speed “What-if” Scenarios for Demand, Capacity,
Cycle Time, Dispatching Rules Validation And More

 Integrating with Dispatching and Scheduling system to drive factory
decisions

* Analyzing complex material handling requirements including equipment
and layout configuration, decision logic, and overall system performance
in logistic, manufacturing and distribution operations.

Come learn why Applied Materials software is the product of choice for leading
high tech companies.

Vendor Tracks / Sunday, 3:00p.m — 5:00 p.m.
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VENDOR WORKSHOP / CAMELLIA 4

Frontline Solvers

Frontline Solvers Next-Generation Software
Presented by: Daniel H. Fylstra, President

Come see Frontline’s radically new Solver software for simulation, optimization
and machine learning plus business rules and decisions. Our Analytic Solver®,
fully re-engineered as a cloud-first Office 365 app, works equally well in Excel
for the Web, Excel for Windows and Excel for Macintosh. Our cloud-based
RASON® Analytics API and high-level modeling language executes workflows
of inter-related machine learning, optimization and simulation models, and
decision tables at blazing speeds. See how our tools enable rapid, low-code or
no-code deployment of your analytic models into Power BI, Tableau, PowerApps
and Microsoft Flow, inter-operating with your JavaScript, C/C++, C#, Java, R
or Python code.

VENDOR WORKSHOPS / BALTIMORE 2
Optimization Firm

ALAMO for Data Analytics and Machine Learning
Presented by: Dr. Yash Puranik and Dr. Nick Sahinidis

The Optimization Firm will present the new ALAMO software for building
models from data. With innovative optimization and sampling technology,
ALAMO uses data from experiments or simulations to generate interpretable
models. ALAMO ensures that the models are as simple and accurate as
possible while also satisfying physical constraints on the response variables.
This workshop will describe ALAMO’s most important features that make it
uniquely suited for machine learning and analytics. We’ll also present results
comparing ALAMO to standard machine learning methods. Everyone has free
access to ALAMO before its commercial launch.

VENDOR WORKSHOPS / BALTIMORE 3
Simio Simulation & Scheduling Software

Simio: The True Digital Twin
Presented by: Dennis Pegden and Gerrit Zaayman

Cloud-computing, real-time scheduling, I1oT, Industry 4.0, and High-performing
computers are all emerging technologies you are probably curious about.
Is a solution that brings all these technologies together in one environment
something you will be interested in using or teaching? Come and explore how
Simio leverages the cloud-computing power of Microsoft Azure to support
Industry 4.0 and data-driven manufacturing processes. Simio is also compatible
with Schneider Electric’s Wonderware which allows for detailed production
scheduling and real-time analytics which are staples of Industry 4.0.

You can also explore how Simio can drive your industrial digital transformation
projects and simplify the move to Industry 4.0. Also, learn how Industry 4.0 —
compliant facilities can collect and make use of data from the deepest sections
of manufacturing facilities through the Digital Twin. Come explore an overview
of the new Simio experience and features to see why we are always “Forward
Thinking.”

Vendor Tracks / Sunday, 3:00p.m — 5:00 p.m.
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Final Program Abstracts

Sunday 1:00p.m.-2:00p.m.
PHD COLLOQUIUM / ANNAPOLIS 3

PhD Colloquium Keynote: John Birge
Weiwei Chen (Rutgers University)

Perspectives on Simulation for Optimization and Optimization for Simulation
/ John R. Birge (University of Chicago)

Optimizing the inputs for simulation models has been a topic of interest in the
OR community for many years. Similarly, Monte Carlo methods for optimizing
even deterministic functions have been subjects of interest in the statistics and
computing communities for at least the same length of time. Recent interest
in such global optimization problems as arise in deep neural networks and the
implications for learning and exploiting complex relationships has only intensi-
fied these interests. This talk will discuss frameworks to unify the views of these
developments from different perspectives and particularly to address issues that
arise in dynamic learning, optimization, and statistical inference.

John R. Birge is the Jerry W. and Carol Lee Levin Distinguished Service Profes-
sor of Operations Management at the University of Chicago Booth School of
Business. Previously, he was Dean of the McCormick School of Engineering
and Applied Science and Professor of Industrial Engineering and Management
Sciences at Northwestern University. He also served as Professor and Chair of
Industrial and Operations Engineering at the University of Michigan, where he
also established the Financial Engineering Program. He is former Editor-in-Chief
of Mathematical Programming, Series B, former President of INFORMS, and
current Editor-in-Chief of Operations Research. His work focuses on stochastic
optimization methods and analysis as well as applications in multiple domains.
His honors and awards include the CORS Harold Larnder Prize, IIE Medallion
Award, the INFORMS Fellows Award, the MSOM Society Distinguished Fellow
Award, the Harold W. Kuhn Prize, the George E. Kimball Medal, the William
Pierskalla Award, and election to the US National Academy of Engineering.
He received M.S. and Ph.D. degrees from Stanford University in Operations
Research, and an A.B. in Mathematics from Princeton University.

Sunday 2:15p.m.-3:45p.m.
PHD COLLOQUIUM / ANNAPOLIS 3

Presentations-I
Anastasia Anagnostou (Brunel University London)

Using a Novel Twitter Simulator for Finding the Efficient Algorithm for a
Follower Recommender System | Sepideh Banihashemi (Ryerson University)

A new simulator of a Twitter recommender system for suggestion of a followee
(i.e., a user to follow) is proposed in this paper. This simulator simulates a dis-
tributed processing environment such as cloud computing for parallel running
of a recommendation algorithm that can be used to test both scalability and
accuracy of the employed algorithm. By simulation and comparison of three
algorithms (similarity, clustering, and neural network), the similarity and cluster-
ing algorithms have higher accuracy compared to the machine learning-based
algorithm. To test each algorithm, Twitter user’s tweets were changed to TF-IDF
and the bag-of-words NLP approaches. In parallel run of employed algorithms
by adding additional processing nodes, the scalability of recommender system
is measured. This paper shows that the simulator of recommender system de-
veloped in this work, is an effective tool for testing scalability and accuracy of
the algorithms employed in Twitter recommendation systems when deployed
in cloud computing.

Project Type Manufacturing Process Simulation: A Case Study on Shipyard
Hoisting Process / Mindong Liu (College of Shipbuilding Engineering, Harbin

Engineering University)

Hoisting process is becoming the most challenging area to improve efficiency
in the shipyard due to its project type nature that hinders hoisting process from

Final Program Abstracts / Sunday 2:15p.m.-3:45p.m.
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employing existing modeling & simulation methods achieved by other types of
manufacturing process. In order to solve this problem, a new dedicated model-
ing and simulation method is proposed, it applies four views with task centric
idea to reflect particularity of project type hoisting process, focusing on work
flow perspective instead of material flow, allowing integrated simulation of
both information activity and working activity by introducing information task
to the task view. Through this method the shop manager can not only predict
on-site performance like common simulation scenarios, but also make it pos-
sible to evaluate communication scenario, which is very important to project
type manufacturing process.

Increasing Fault Tolerance in loT and Adhoc Networks for Risk Reduction
in Disaster Recovery Mode / Jose Roberto Emiliano Leite (UNICAMP)

This work introduces three case studies of an IoT network that is simulated
using discrete-event model. In the first case, the network operates without
resource redundancy. The second case introduces link redundancy with an
emergency gateway, and the third case extends the first with macro-cells. The
main performance parameters under analysis are the processor utilization and the
network global delay. The model and its implementation may be used to plan,
configure and dimensioning of the network in the face of possible catastrophic
events where key network resources may be lost.

Exploring DES Use in Production System Design When Implementing Process
Innovations / Erik Flores-Garcia (Mélardalen University)

Does the use of DES differ when implementing novel production processes and
technologies in the manufacturing industry? Addressing this question, this paper
explores the use of DES during the design of production systems implementing
process innovations. Data is drawn from a qualitative-based case study in the
heavy vehicle industry where a process innovation was implemented in the form
of a multi-product production systems. The findings of this study reveal novel
findings related to the purpose and challenges in the use of DES models during
the design of production systems when implementing process innovations.

Monte Carlo Tree Search with Optimal Computing Budget Allocation /
Yunchuan Li (University of Maryland)

We analyze a tree search problem with an underlying Markov decision process,
in which the goal is to identify the best action at the root that achieves the high-
est cumulative reward. We present a new tree policy that optimally allocates a
limited computing budget to maximize a lower bound on the probability of cor-
rectly selecting the best action at each node. Compared to the widely used Upper
Confidence Bound (UCB) type of tree policies, the new tree policy presents a
more balanced approach to manage the exploration and exploitation trade-off
when the sampling budget is limited. Furthermore, UCB assumes that the support
of reward distribution is known, whereas our algorithm relaxes this assumption.

Multiservice Traffic Performance of Small Cells / Loreno Menezes da Silveira
(State University of Campinas)

The objective of this paper is to present a study of the reaction of selected
performance parameters, such as carried traffic and blocking probability, in a
wireless cell environment with fixed capacity, under multi-service intense traffic
variation, as in mass communications events of unexpected traffic growth, by
means of simulation experiments.

Multi-scale Hospital Evacuation Simulation to Improve Healthcare Resilience
/ Fardad Haghpanah (Johns Hopkins University)

In disasters, a big challenge of the healthcare systems is the evacuation and
mobility of patients. Hospital evacuation simulation considering patients with
different mobility characteristics, needs, and interactions, demands a microscopic
modeling approach, like Agent-based Modeling (ABM). However, as the system
increases in size, the models become highly complex and intractable. Large-scale
complex ABMs can be reduced by reformulating the micro-scale model of agents
by a meso-scale model of population densities and partial differential equations,
or a macro-scale model of population stocks and ordinary differential equations.
In this study, crowd dynamics considering people with different physical and
mobility characteristics is modeled on three different scales: microscopic (ABM),
mesoscopic (fluid dynamics model), and macroscopic (system dynamics model).
Similar to the well-known Predator-Prey model, the results of this study show
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the extent to which macroscopic and mesoscopic models can produce system-
level behaviors emerging from agents’ interactions in ABMs.

On the Impacts of Tail Model Uncertainty in Rare-event Estimation / Zhiyuan
Huang (University of Michigan)

Rare-event probabilities and risk measures that quantify the likelihood of
catastrophic or failure events can be sensitive to the accuracy of the underlying
input models, especially regarding their tail behaviors. We investigate how the
lack of tail information of the input can affect the output extremal measures, in
relation to the level of data that are needed to inform the input tail. Using the
basic setting of estimating the probability of the overshoot of an aggregation
of i.i.d. input variables, we argue that heavy-tailed problems are much more
vulnerable to input uncertainty than light-tailed problems. We explain this
phenomenon via their large deviations behaviors, and substantiate with some
numerical experiments.

Limiting Distributional Fixed Points in Systemic Risk Graph Models /| Anand
Deo (Tata Institute of Fundamental Research)

We analyse the equilibrium behaviour of a large network of banks in presence
of incomplete information, where inter-bank borrowing and lending is allowed,
and banks suffer shocks to assets. In a two time period graphical model, we show
that the equilibrium wealth distribution is the unique fixed point of a complex,
high dimensional distribution-valued map. Fortunately, there is a dimension
collapse in the limit as the network size increases, where the equilibriated sys-
tem converges to the unique fixed point involving a simple, one dimensional
distribution-valued operator, which, we show, is amenable to simulation. Spe-
cifically, we develop a Monte-Carlo algorithm that computes the fixed point
of a general distribution-valued map and derive sample complexity guarantees
for it. We numerically show that this limiting one-dimensional regime can be
used to obtain useful structural insights and approximations for networks with
as low as a few hundred banks.

Traffic Forecasting: A Hybrid Approach Using Simulation and Machine
Learning / Casey Bowman (University of North Georgia)

The forecasting of traffic conditions is of great concern to many people around
the world every day. The prediction of travel times based on historical data, road
congestion, weather, and special events helps not only individuals in their daily
driving, but also helps companies and government entities in their planning as
well. Many approaches have been used for traffic forecasting, from time series
analysis to artificial intelligence techniques to simulation. We propose that
combining approaches through machine learning can yield better results than
each model can produce on its own.

Sunday 3:30p.m.-5:20p.m.
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Cristina Ruiz-Martin (Carleton University)

Using Agent-based Simulation to Accurately Model Human Processes /| Cam-
eron Mineo, Andrew Golomb, and Emily Kenul (Booz Allen Hamilton Inc.)

In human processes, like the Integrated Disability Evaluation System (IDES),
the variability in execution of thousands of interpersonal encounters will limit
the systemic predictive capability of traditional modeling methods such as
regression. To combat this limitation, we developed an agent-based model that
replicates every step in the IDES process and simulates the associated human
actions. In effect, our model simulates a digital twin of every human involved
in the process. Analysis of model outputs shows that performance metrics of
individual agents in the simulation are similar to their real-world counterparts,
and that aggregate system performance is highly accurate. The success of this
simulation model allows for increased confidence in the predictive accuracy of
what-if analysis conducted on human processes, where process changes may
be modeled to inform policy recommendations.
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Towards An Agent-based Model for Managing Recreational Fisheries of
Western Baltic Cod / Kevin Haase (Thiinen Institute); Oliver Reinhardt and
Adelinde M. Uhrmacher (University of Rostock); and Marc Simon Weltersbach,
Wolf-Christian Lewin, and Harry V. Strehlow (Thiinen Institute)

The removal of fish biomass by marine recreational fishery (MRF) for some
fish species can be substantial. This makes its inclusion into stock management
necessary. The impact of policy changes on angler behavior is, however, dif-
ficult to predict. Agent-based modeling and simulation appears as a promising
approach, as it allows to include different types of agents with their individual
decision strategies and social networks. Biomass removal by MRF was recently
considered in stock assessment for western Baltic cod, but without consideration
of angler behavior. Rich unexploited data sources are available, as data about
anglers and catches has been collected for years, including surveys about the
anglers decision making. Based on this data, we will develop an agent-based
model of recreational fisheries for western Baltic cod. We will apply methods
for managing the provenance of simulation models to make the foundations of
the model, including assumptions and data, explicit.

Social Judgement Theory: A Network Based Implementation /| Benjamin
Ortiz Ulloa (AFS)

Agent-based modelling (ABM) can show how interventions influence a so-
ciety. Social contagion, a subfield of ABM, focuses on the spread of opinions
throughout a social network in which the existence of ties dictates how opin-
ions spread. Complexity can be added to social contagion models by utilizing
attributes inherent to the agents, such as a tolerance for change or exposure
to counter-information. Social Judgement Theory is a persuasion theory that
utilizes ‘latitudes’ to determine how an agent will react to another’s opinion.
The agents’ opinion will either not change, move towards, or move away from
the other agents’ opinions depending on how similar their opinions are. Here
we explore how the latitudes of social judgement theory can be utilized in a
social contagion model to observe the change of opinions in a social network.

Combinatorial Testing for Parameter Evaluation / Chiara Maalouf, Megan
Olsen, and Mohammad Raunak (Loyola University Maryland)

Agent-based models often have large parameter spaces that cannot be fully ex-
plored. How can we determine the roles parameters play in defining the resulting
simulation behavior? We propose the use of covering arrays, often used in test
case generation for software testing, to strategically decrease the search area in
simulation parameter space exploration. We test our approach on the Wolf-Sheep
Predation model, and find that the number of parameter combinations need to
be explored may still be high for some models. We propose next steps for the
use of covering arrays in exploring an agent-based model’s parameter space.

Agent-based Algorithms for Multi-robot Exploration of Unknown Environ-
ments / Abdullah Konak, Flavio Cabrera-Mora, and Sadan Kulturel-Konak
(Penn State Berks)

An agent-based simulation model is proposed to explore an unknown tree with
arbitrary edge distances by a set of robots which are initially located at the root
of the tree and expected to return to the root after all nodes are explored. The
proposed algorithm depends only on local information stored at nodes using
a bookkeeping token. We show that the proposed algorithm with the Earliest
Selection Policy is superior to the Random Selection Policy. The agents-based
simulation can be used to study general cases of network and tree exploration
problems by multiple robots.

Development of a Real-time DEVS Kernel: RT-Cadmium / Ben Earle (Car-
leton University)

With the rise of IoT devices, there is an increasing demand for embedded control
systems. Discrete-event Modeling of Embedded Systems (DEMES) is a Discrete
Event System Specification (DEVS) based model driven development methodol-
ogy that aims to increase reliability and improve time to market by simplifying
the development and testing of embedded systems. There are problems with the
existing toolchain that is being used to implement this design methodology which
have been addressed and improved in Real-Time (RT) Cadmium, a RT-DEVS
kernel developed on top of the Cadmium (DEVS) Simulator. RT-Cadmium
is a complete DEVS simulator and RT kernel, allowing users to simulate and
deploy their project with ease. The tool already supports MBed Enabled ARM
microprocessors, however the process for porting it to new target platforms is
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simple and documented. RT-Cadmium can also handle asynchronous events,
which do not exist in standard DEVS simulators.

A Method for Parallel Simulation of Classic DEVS Models with Coupling
Relation Graph / Jang Won Bae (ETRI)

Many DEVS extensions have been suggested for parallel simulation execution,
but their modeling semantics often became much complex leading to a difficulty
in model development. This paper proposes a new simulation method for parallel
simulation execution of classic DEVS models. Specifically, the proposed method
identifies events to be processed concurrently using a graph representing the
whole event paths, and an event-oriented scheduling is applied to managing the
parallel simulation execution.

Modeling the Cost to Execute a DEVS Model / Guillermo Trabes (Carleton
University)

The Discrete Event System Specification (DEVS) is a very extended formalism
to precisely define discrete-event systems and simulate them. As more complex
systems are developed, the performance of DEVS models is becoming a crucial
subject. To execute a DEVS model, protocols were designed for the classical
DEVS model and for the Parallel DEVS model (PDEVS) but no work have
formalized the cost to execute a model with these protocols. In this work we
propose a definition of the cost and a new metric to analyze model’s executions.

Introducing a Discrete-event Simulation Model for the Wood Supply Chain
in Workshops for Students, Scientists and Managers / Christoph Kogler and
Peter Rauch (University of Natural Resources and Life Sciences, Vienna)

Complex considerations to plan, design, operate, control and monitor wood
supply chains challenged by increasingly frequent natural disasters such as
windstorms and forest fires intensify the need for knowledge transfer between
science, industry and education. Discrete-event simulation provides a powerful
method for decision support, but simulation models are rarely used in university
education and industrial training mainly because they are complicated and
customized for scientific use only. In addition, within science, documentation
of highly specific simulation models provides mainly a rough overview, failing
to facilitate external expert evaluation and valuable feedback. Consequently,
a scientific discrete-event simulation model extending from forest to industry
was further developed with special focus on animation, visualization and intui-
tive usability in a workshop setting. Tested in several workshops, it proved to
facilitate decision support for managers and to provide means to train students
and sensitize researchers on how to deal with challenging supply situations.

Discrete-event Simulation Models to Support Resource and Operational
Planning for Implementing Cervical Cancer Screening Programs: A Pilot
in Peru / Kai Friesecke (George Washington University)

Due to insufficient resources, arbitrary decision making, and other challenges
implementing effective screening processes, the burden of global cervical cancer
has fallen disproportionately on low and middle-income countries. Despite many
countries adopting new modern diagnostic procedures, the implementation
of these programs lags far behind the policy changes and risks failure during
their early stages. To mitigate these risks in an ongoing implementation of new
screening processes in the Iquitos region of Peru, we propose using a discrete-
event simulation model (DES) to model the initial roll-out of a proven screening
process. The DES model will yield insights into potential resource utilization
and appropriate staff hours for various performance (coverage) scenarios, and
support stakeholders in making appropriate decisions as they resource the
implementation of this new screening policy.

Improved Feature Selection with Simulation Optimization / Sara Shashaani
and Kimia Vahdat (North Carolina State University)

In machine learning problems with a large feature space, non-informative or
redundant features can significantly harm the performance of the prediction
models, keep the model training costly, and the model interpretability weak.
Traditional feature selection methods, preformed often through greedy search,
are susceptible to suboptimal solutions, selection bias, and high variability due
to noise in the data. Our Sample Average Approximation framework looks for
the best subset of features by utilizing bootstraps of the training set, where the
random holdout errors are viewed as simulation outputs. We implement the
proposed Simulation Optimization with Genetic Algorithms, noting that this
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framework is generalizable with any other solver on the integer space. Experi-
mentations examine the effect of fixed versus variable and adaptive replication
sizes upon estimating the performance of each subset. We provide promising
results of higher accuracy and more robustness in solution size and content at
the cost of longer computation.

A Simulation-Optimization Conceptual Model of Automated Parcel Lockers
on Macro and Micro Planning Levels / Markus Rabe and Jorge Chicaiza-Vaca
(TU-Dortmund)

Cities require goods and related logistics services, which has economic, political,
environmental, and social implications. The research develops an simulation-
optimization model for the implementation of automated parcel lockers (APL)
as one solution for urban logistics (UL) operations. First, we consider a system
dynamics simulation model (SDSM) to evaluate and predict the system behav-
iour in the macro planning level. Second, a facility location problem (FLP) is
used for the micro-planning level to decide how many APL to open or close
and where to locate them to minimize the total cost. We consider the dynamic
behaviour of APL variables using the SDSM outputs as a inputs of an FLP and
vice-versa. The aim of the model is to prevent an implementation failure of APL
as a sustainable solution for the cities.

Stochastic Mixed-Integer Nonlinear Programming Model for Drone-based
Healthcare Delivery / Janiele Custodio (The George Washington University,
School of Engineering and Applied Sciences) and Miguel Lejeune (The George
Washington University, School of Business)

This paper proposes a mixed integer set covering model with congestion and
chance constraints to design a network of drones to deliver defibrillators in
response to out-of-hospital cardiac arrest (OHCA) occurrences. The incident
rate of OHCAs is assumed to be random and congestion in the system is
modeled as a network of M/G/1 queues. Both the arrival and service rates are
determined endogenously in the model, which results is a stochastic nonconvex
mixed integer nonlinear location-allocation problem with decision-dependent
and exogenous uncertainty. We derive a Boolean-based (Lejeune and Margot
2016) deterministic reformulation and use a simulation-optimization solution
approach to solve the stochastic model.

Simulation in Reliability Field using “Component Importance” indicator -
an application in chemical industry / Daniel Gaspar (Institute Polytechnic of
Viseu, Portugal)

This work use the concept of “component importance” in the field of reliability
to measure and simulation. The simulation of system of components or equip-
ment allow to analyse and optimize the maintenance work. The aim of this work
is to obtain the best inspection intervals and to optimize cost of maintenance.
This approach intend to contribute to change the classical reliability analysis
performed in industrial companies. New models of reliability with simulation
can be adopt and in this work the linear models of consecutive k-out-of-n is
used. Finally the modeling and simulation is applied in chemical industry and
more particularly in oil centrifugal pumps.

Hybrid Simulation-based Optimization for the Second-generation Biofuel
Supply Chain Network Design / Sojung Kim (Texas A&M University-Com-
merce), Su Min Kim (Oak Ridge Institute for Science and Education), Evi
Ofekeze (Texas A&M University-Commerce), and James R. Kiniry (USDA-
Agricultural Research Service)

The goal of this study is to contribute to commercialization of the second-
generation cellulosic biofuels (SGCBs) by reducing its operational cost. A hybrid
simulation-based optimization approach is devised to design a cost-effect SGCB
supply chain. The proposed approach adopts a two-stage approach consisting
of feedstock yield estimation and location-allocation of feedstock storages
between farms and refineries. Agricultural Land Management Alternative with
Numerical Assessment Criteria (ALMANAC) model has been adopted for
precise estimation of potential yield of feedstock such as ‘Alamo’ switchgrass
regarding environmental dynamics (e.g., growth competition and weather). In
addition, agent-based simulation (ABS) implemented in AnyLogic® is utilized
to estimate operational cost of a SGCB supply chain. The simulation-based
optimization with adaptive replication (AR) is devised to find an appropriate
SGCB network design in terms of operational cost without causing heavy
computational demand. The approach is applied to a SGCB network design
problem in Southern Great Plains of U.S.
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Balancing Assembly Line With A Simulation-Optimization Model: A Case
Study In The Footwear Industry / Virginia Fani, Romeo Bandinelli, and Bianca
Bindi (University of Florence)

Fashion is one of the world’s most important industries, driving a significant
part of the global economy representing, if it was a country, the seventh-largest
GDP in the world in terms of market size. Focusing on the footwear industry,
assembly line balancing and sequencing represents one of the more significant
challenges fashion companies have to face with. This paper presents the results
of a simulation-optimization framework implementation in such industry,
highlighting the benefits of the use of simulation together with a finite capacity
scheduling optimization model. The developed simulation-optimization frame-
work includes the conduction of a scenario analysis that compares production
KPIs (in terms of average advance, delay and resource saturation) related to
different scenario that include or not one or more type of stochastic events (i.e.
rush orders and/or delays in the expected critical components delivery date).

Using Radial Basis Functions to Optimize Black-Box Functions with Noisy
Observations / Yichi Shen (National University of Singapore)

This study proposes a new global optimization algorithm (TRIM) for expensive
black-box functions subject to evaluation noise. We use radial basis functions
(RBFs) as surrogate and extend the Stochastic Response Surface (SRS) method
to functions with noisy evaluations. To balance the trade-off between explora-
tion, exploitation and accuracy of evaluated points, we sequentially select the
evaluation points based on three specific metric functions. Case studies show
that the proposed algorithm is more effective in finding the optimal solution
than other alternative methods.

Bayesian Optimization of Composite Functions / Raul Astudillo (Cornell
University)

We consider optimization of composite objective functions, i.e., of the form
f(x)=g(h(x)), where h is a black-box derivative-free expensive-to-evaluate
function with vector-valued outputs, and g is a cheap-to-evaluate real-valued
function. While these problems can be solved with standard Bayesian optimiza-
tion, we propose a novel approach that exploits the composite structure of the
objective function to substantially improve sampling efficiency. Our approach
models / using a multi-output Gaussian process and chooses where to sample us-
ing the expected improvement evaluated on the implied non-Gaussian posterior
on f, which we call expected improvement for composite functions (EI-CF). Al-
though EI-CF cannot be computed in closed form, we provide a novel stochastic
gradient estimator that allows its efficient maximization. We also show that our
approach is asymptotically consistent, generalizing previous convergence results
for classical expected improvement. Numerical experiments show that our ap-
proach dramatically outperforms standard Bayesian optimization benchmarks.

Incorporation of the Uncertainty Evaluation Procedure into Particle Swarm
Optimization in a Noisy Environment / Seon Han Choi (Pukyong National
University)

This paper incorporates a robust resampling method called the uncertainty
evaluation (UE) procedure into particle swarm optimization (PSO) to improve
its performance in a noisy environment. The UE procedure allows PSO to find
the global best correctly by allocating a limited number of samplings to each
particle effectively. In addition, compared with other resampling methods,
the high robustness to noise of the UE procedure enhances the performance
of PSO in complex problems involving large stochastic noise and many local
optima, which is demonstrated in the results of comparative experiments on
some benchmarks.

Workload Control Mechanisms and Scheduling in Semiconductor Manufac-
turing Revisited / Philipp Neuner and Stefan Haeussler (University of Innsbruck)

Despite the recent advances in rule based workload control (WLC) mechanisms,
recent semiconductor literature has neglected them, although it was shown that
they outperform most other periodic and continuous order release models. There-
fore, this paper compares the most widely used and considered best performing
WLC models: the LUMS-COR, with its equivalent from the semiconductor
literature, the Starvation Avoidance (SA) method in combination with different
scheduling rules. We compare the performance of these approaches by using a
simulation model of a scaled-down wafer fabrication facility. The results show
that the LUMS-COR outperforms the SA model with regard to total costs and
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timing measures. In comparison, the LUMS-COR model releases orders later
which reduces the holding costs of finished goods inventory (FGI) and yields
only slightly higher average shop floor time and lateness measures.

Development of Simulation-based Scheduling System for Back-end Semicon-
ductor Foundry /| Dug Hee Moon, Jachun Sim, Young Hoon Lee, Dong Ok
Kim, and Yang Woo Shin (Changwon National University)

The manufacturing processes of semiconductor foundry (FAB) are grouped into
two, and they are called as the front-end processes and the back-end processes,
respectively. Due to the development of semiconductor technology, the back-
end processes have become more complex according to the new requirements
of customers. In this presentation, a simulation-based scheduler is introduced
which is highly customized to a Korean back-end semiconductor foundry. The
different heuristic dispatching rules considering various practical constraints are
applied to different processes, and the preliminary experiments indicate that the
system is efficient in the pilot line.

Modeling and Simulation of Cluster Tools with Equipment Front-End Module
/ Cheolhui Hong, Jung-Heon Seo, and Tae-Eog Lee (KAIST)

In the semiconductor manufacturing industry, cluster tools are widely used for
most wafer fabrication process such as photolithography, etching, deposition,
and even inspection. To improve the performance of semiconductors, the wafer
circuit width has been shrunk dramatically. Since this makes complexity of
scheduling problems high, a sophisticated simulation model is needed to test
and verify the various scheduling method. Most of the previous research have
been focused on Vacuum Module (VM). However, the scheduling problem
of Equipment Front-End Module (EFEM) has recently been emphasized, and
bottleneck begins to occur also in EFEM. Therefore, in this study, we propose a
new modeling method that includes EFEM which was not considered in the past.

ASimheuristic Approach to Solve Tactical Airport Ground Service Equipment
Planning / Yagmur S. Gok and Maurizio Tomasella (University of Edinburgh),
Daniel Guimarans (Monash University), and Cemalettin Ozturk (United Tech-
nologies Research Center)

In this study we work on a tactical level airport decision problem: daily allocation
of Ground Service Equipment based on the flight schedule as well as potential
foreseeable deviations from the original operations plan. We integrate simulation
within an overall Simulation-Optimization framework, falling within the family
of so-called Simheuristics, to deal with the uncertain factors of the problems,
such as flight delays or resource availability . We contribute to the literature by
proposing a feedback mechanism from simulation back to optimization. The
tactical level problem is essentially a discrete combinatorial problem, where
metaheuristics will be used to attack the problem in a timely manner and reach
reliable solutions, the robustness of which is evaluated thanks to the inclusion
of simulation at specific steps of the overall methodology.

Bidding Strategy Simulation in the Day Ahead Electricity Market via Rein-
forcement Learning / Kristen Schell (Rensselaer Polytechnic Institute)

The day-ahead electricity market (DAM) is the central planning mechanism for
dispatching electric power. In a perfectly competitive market, generating firms’
bids equal their marginal cost of operation. The recently restructured electricity
market, however, is an oligopolistic market at best, where a few entrenched
utilities can exercise market power to manipulate the DAM price. Traditionally,
such a market is modeled as reaching an optimal, Nash equilibrium price for
electricity. We simulate market players’ bidding strategies via reinforcement
learning. We show that a Q-learning algorithm accurately models the Nash
equilibrium, no matter the number of Nash equilibria. However, it takes players
over one year of experimenting with bidding strategies to achieve these optimal
outcomes. Future work is focused on replicating this result with real market data
from the New York Independent System Operator (NYISO), in order to assess
market power and the existence of Nash equilibria in the real world.

Modelling Energy Consumption in Simulation Models by the Usage of Deep
Learning / Benjamin Worrlein and Steffen Stra3burger (Technical University
of Ilmenau)

Traditionally, simulation has used data about the real system for input data

analysis or within data-driven model generation. Automatically extracting
behavioral descriptions from the data and representing it in a simulation model
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is a weak point of these approaches. Machine learning, on the other hand, has
proven successful in extracting knowledge from large data sets and transform
it into more useful representations. Combining simulation approaches with
methods from machine learning seems therefore promising. By representing
some aspects of a real system by a traditional simulation model and others by a
model generated from machine learning, a hybrid system model is generated.
This extended abstract suggests a specific hybrid system model that incorporates
a deep learning method for predicting high-resolution time series of power usage
of machining jobs according to the control code the machine is operated on.

Simulation-based Decision Making for Urban Policies / Euihyune Paik (ETRI)

As recent cities are getting diverse and complex, a method for developing urban
policies for a city needs to become systematic and sophisticated. In this sense,
data-oriented policy making can be one feasible approach. This paper proposes
a simulation-based decision making tool for urban policies. Using the proposed
framework, it is expected that users evaluates their political ideas and discov-
ers an optimized policy for their objectives before implementing real polices.

Modeling Cooperative Engagement Behaviors of Manned-Unmanned Systems
/ Sangwoo Han and Jaijeong Pyun (Agency for Defense Development)

As network-centric operating environments require the interworking of manned-
unmanned weapon systems, there is an increasing need to analyze its capabilities
and effectiveness in combat simulation. In this paper, we suggest a cooperative
engagement behavior model of manned-unmanned systems for engagement-
level combat simulation. Using the proposed model, we demonstrate reconnais-
sance behaviors in various areas under a small unit combat scenario and shows
the analytic results of combat effectiveness.

A Lego® Manufacturing System for Real-time Simulation / Giovanni Lugaresi
and Andrea Matta (Politecnico di Milano)

This poster shows the development and the application of a LEGO® Manufactur-
ing System (LMS) at the Department of Mechanical Engineering of Politecnico
di Milano (Milan, Italy). The LMS exploits LEGO® MINDSTORMS® com-
ponents to model a production line. The miniaturized system is an innovative
platform both for research and didactic purposes thanks to high flexibility and
easy reconfiguration.

Generic Simulation Model for the Decontamination of Surgical Instruments
and Analysis of Automation Scenarios to Reduce Risks / Marzich Ghiyasinasab
(Polytechnique Montreal, Laval University); Nadia Lahrichi (Polytechnique
Montreal); and Nadia Lehoux (Laval University)

In hospitals, decontamination centers are required to sort, sterilize, package
and store surgical instruments prior to their return to the operating rooms. The
market trend is to automate this function to increase the level of productivity,
reduce the risk of human error and minimize the risk of musculoskeletal injuries
related to the handling of heavy loads. The goal of this research is to study the
automation of a decontamination center and the use of a particular technology
to make the system more efficient and safer.

Multiscale Modeling of Transmission of Multidrug-Resistant Organisms
to Reduce Healthcare-associated Infections / Gary Lin (Johns Hopkins
University)

Healthcare-associated infections (HAIs), particularly multi-drug resistant organ-
isms, are a major source of morbidity and mortality for patients. We developed
a multiscale computational model of transmission to explore the effectiveness
of interventions to reduce HAIs. We utilized a state-level patient mix database
from Maryland to develop a meta-population model that simulates the move-
ment network of patients between acute hospitals, long-term care facilities, and
communities on a regional scale. On a local scale, we modeled the population
at each facility and community using an epidemiological compartmental model
that included susceptible, colonized, and infectious patients and their transitions
between each compartment state. The local models are embedded in a multiscale
model in order to simulate transmission patterns of multi-drug resistant organ-
isms and the incidences of healthcare-associated infections for each distinct
population. We then assessed the effectiveness of policy interventions, such as
using an electronic patient registry or increasing active surveillance.
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Design of a FOSS GIS Tool for Wildfire Spread Simulation, Fire Supres-
sion Resource Management and Risk Analysis / Jaume Figueras i Jové,
Antoni Guasch i Petit, and Josep Casanovas-Garcia (Universitat Politéncica
de Catalunya)

Wildfire simulation require of many geographical and georeferenced datasets.
Integrating all of the processes for simulation into a GIS seems natural, but most
of the solutions available are closed source, do not use standards and can’t be
arranged or modified to cover new requirements such as the integration of fire
suppression activities into a fire spread simulator. GisFire is an under develop-
ment open source tool integrated into QGIS that uses the standard OGC formats,
uses GIS APIs and provides a set of APIs and procedures to interact with a fire
spread simulator. The GisFire APIs also provides a set of tools to evaluate dif-
ferent fire spread simulators, different fire suppression resources management
policies and strategies and evaluate personal or economical risks. This poster
presents the design of the fire spread simulation tool integrated into QGIS to
focus research into wildfire simulation and analysis.

Cloud-based Hybrid Distributed Simulation Framework / Nura Tijjani Abuba-
kar (Brunel University London)

For decades, Modeling & Simulation (M&S) have been the choice for Operations
Research and Management Science (OR/MS) to analyze systems behaviors. The
evolution of M&S brings the Distributed Simulation (DS) via High-Level Archi-
tecture (HLA), used mainly by defense applications, thus allowing researchers
to compose models which run on different processors. As the cloud computing
grows, its capabilities upgraded many applications, including M&S having the
elasticity needed for DS to seed up simulation by bringing reusable models
together with seamless interoperability. This paper presents a framework for
composing and executing Hybrid Distributed Simulation in the cloud.

Productivity and Failure Analysis of Micro Testbed using Cyber-physical
System-based Simulation / Jun Kim, Ju Yeon Lee, and Hyoung Seok Kang
(Korea Institute of Industrial Technology) and Sang Su Choi and Yang Ho
Park (IGI Korea)

The goal of this research is to develop digital twin model-based simulation
analysis model for productivity and failure analysis of micro testbed. Targeting
the micro testbed which is a miniaturized manufacturing line for mass customiza-
tion, cyber-physical system-based digital twin model is constructed. Using the
digital twin model, simulation models for productivity analysis which contains
throughput, bottleneck, and machine availability analysis and failure analysis
which contains machine tool wear and machine failure analysis are developed.
Dashboard which visualizes the analysis results is also developed.

Forest Machinery Requirement Estimation—From Spreadsheet to Simple
Dynamic Model /| Mika Aalto, Kalle Karttunen, and Tapio Ranta (Lappeen-
ranta—Lahti University of Technology)

Spreadsheet software are commonly available and used. There are numerous
uses and methods available to spreadsheet software, but there are limitations in
their capabilities. Due to these limitations, spreadsheet software were compared
with a simple dynamic simulation model. Both methods were validated against
values from literature and results showed the same trends, with some differences
in the values. The simulation model increases possible future development such
as including locations and real transport distances and having realistic harvesting
times. Wider usability of simulation models does offer more future development
possibilities allowing more thorough research of the subject.

NIM: Generative Neural Networks for Simulation Input Modeling / Wang
Cen, Emily A. Herbert, and Peter J. Haas (UMass Amherst)

Neural Input Modeling (NIM) is a novel generative-neural-network framework
that exploits modern data-rich environments to automatically capture complex
simulation input distributions and then generate samples from them. Experi-
ments show that our prototype architecture NIM-VL, which uses a variational
autoencoder with LSTM components, can accurately and automatically capture
complex stochastic processes. Outputs from queuing simulations based on
known and learned inputs, respectively, are also statistically close.

Improved Infinitesimal Perturbation Analysis Estimators of Quantile

Sensitivity / Yang Yang and Guangxin Jiang (Shanghai University, School of
Management)
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In this paper, we propose an approach that combines jackknifing and random-
ized quasi-Monte Carlo in infinitesimal perturbation analysis (IPA) to estimate
quantile sensitivities, which improves the accuracy and precision of the clas-
sical IPA estimator. Theoretical properties of the new estimators are provided,
and numerical examples are presented to illustrate the effectiveness of the new
estimators.

Sunday 4:00p.m.-5:30p.m.
PHD COLLOQUIUM / ANNAPOLIS 3

Presentations-2
Dave Shuttleworth (Old Dominion University, VMASC)

Multi-criteria Decision Making in Settings with Uncertainty / Sebastian
Rojas-Gonzalez (KU Leuven)

‘We consider multiobjective simulation optimization problems with heteroscedas-
tic noise, where we seek to find the non-dominated set of designs evaluated using
noisy simulation evaluations. To perform the search of competitive designs, we
propose a metamodel-based scalarization method, which explicitly characterizes
both the extrinsic uncertainty of the unknown response surface, and the intrinsic
uncertainty inherent in stochastic simulation. To differentiate the designs with
the true best expected performance, we propose a multiobjective ranking and
selection approach that accounts for correlation between the mean values of
alternatives. Empirical results show that the proposed methods only require a
small fraction of the available computational budget to find the optimal solutions.

A Simulation Model to Assess the Implications of Genetic Testing in Cho-
lesterol Treatment Plans | Wesley Marrero Colon (University of Michigan)

Atherosclerotic cardiovascular disease (ASCVD) is among the top causes of
death in the US. Although research has shown that ASCVD has genetic elements,
the understanding of how genetic testing influences its prevention and treatment
has been limited. To this end, we develop a simulation framework to estimate
the risk for ASCVD events due to clinical and genetic factors. We model the
health trajectory of patients stochastically and determine treatment decisions
with and without genetic testing. Since the cholesterol level of patients is one
controllable risk factor for ASCVD events, we model cholesterol treatment plans
as a Markov decision process. By simulating the health trajectory of patients,
we quantify the effect of genetic testing in optimal cholesterol treatment plans.
As precision medicine becomes increasingly important, having a simulation
framework to evaluate the impact of genetic testing becomes essential.

Dynamic Congestion Pricing for Ridesourcing Traffic: A Simulation Optimi-
zation Approach / Qi Luo (University of Michigan)

Despite the documented benefits of ridesourcing services, recent studies show
that they can slow down traffic in the densest cities significantly. To implement
congestion pricing policies upon those vehicles, regulators need to estimate the
degree of congestion effect. This paper studies simulation-based approaches to
address the two technical challenges arising from the representation of system
dynamics and the optimization for congestion price mechanisms. To estimate the
traffic state, we use a metamodel representation for traffic flow and a numerical
method for data interpolation. To reduce the burden of replicating evaluation in
stochastic optimization, we use a simulation-optimization approach to compute
the optimal congestion price. This data-driven approach can potentially be ex-
tended to solve large-scale congestion pricing problems with unobservable states.

Towards Automatically Generating Simulation Experiments / Pia Wilsdorf
(University of Rostock)

Simulation studies make use of various types of simulation experiments. Speci-
fying these experiments is a demanding task since the specification depends on
the experiment type and the idiosyncrasies of the used tools. Thus, we present
an automatic experiment generation procedure that uses experiment schemas
to describe simulation experiments in a tool-independent manner. We apply
the concepts to two different domains of modeling and simulation (M&S) to
illustrate how simulation experiment specifications go beyond specific tools
and applications.
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Method for the Description of Actions in Wholesale Logistics Networks and
Their Impl tation in Simulation Models / Dominik Schmitt (TU Dortmund
University, Graduate School of Logistics)

Decision-makers are continuously facing the challenge of maintaining logistics
networks in a competitive condition by implementing actions, e.g., changing
the transport structure within the network. Therefore, logistics assistance sys-
tems are increasingly being used to support the decision-making process, e.g.,
by identifying and proposing promising actions. A typical feature of this type
of assistance system is, however, that possible actions are predefined by the
system. Adaptations to existing actions or the implementation of new actions
is regularly a problem. To solve this problem, the author has developed a new
method for the formal description and modelling of user-generated actions and
their transformation in changes to simulation models. The method is based on a
semantic model for mapping these actions, which are parameterized by a novel
domain-specific language.

Random Perturbation to Quantify Input Uncertainty / Huajie Qian (Columbia
University)

‘We consider the problem of estimating the output variance in simulation analy-
sis that is contributed from the statistical errors in fitting the input models, the
latter often known as the input uncertainty. This variance contribution can be
written in terms of the sensitivity estimate of the output and the variance of the
input distributions or parameters, via the delta method. We study the direct use
of this representation in obtaining efficient estimators for the input-contributed
variance, by using finite-difference and random perturbation to approximate
the gradient, focusing especially in the nonparametric case. In particular, we
analyze a particular type of random perturbation motivated from resampling. We
illustrate the optimal simulation allocation and the simulation effort complexity
of this scheme, and show some supporting numerical results.

Simulation-based Optimization of Dynamic Scheduling of Outpatient Appoint-
ments with Patient No-shows and Provider Lateness / Secil Sozuer (Lehigh
University, Sanofi Pasteur)

Hospitals would like to improve efficiency due to an aging population and
increasing expenditures. This research is designed to address the dynamic and
stochastic appointment scheduling problem with patient unpunctuality and
provider lateness. Our model considers a single provider with whom patients
seek to schedule appointments dynamically on a first-come, first-serve basis.
The problem setting captures the uncertainty for the number of patients request
appointments, service time durations, patient unpunctuality, provider lateness,
patient no-show, unscheduled emergency walk-ins. The aim is to find the opti-
mal schedule start times for the patients in a cost effective manner. We propose
a discrete-event framework model to evaluate the sample path gradient of the
total cost. We use sample average approximation and stochastic approximation
algorithms based on unbiased gradient estimators to achieve computational
efficiency. We also present the stochastic linear formulation. Our numerical
experiments suggest that these approximation algorithms converge to a global
optimum.

A Sensitive Analysis Study to Measure Impact of Real-time Traffic Volume
Data Imputations on Traffic Performance Measures / Abhilasha Saroj (Georgia
Institute of Technology)

Smart City initiatives are ongoing around the world to improve the quality of
life by leveraging technological advances. In a Smart City, equipped with con-
nected infrastructure, traffic data, such as vehicle detections and intersection
signal indications, are expected to be received in (near) real-time. The objective
of the real-time simulation platform highlighted in this effort is the creation of
a dynamic data-driven simulation that leverages high frequency connected data
streams to derive meaningful insights about the current traffic state and real-
time corridor environmental measures. A connected infrastructure data-driven
simulation model driven in near-real-time with high frequency connected
infrastructure traffic volume and signal controller data streams is developed.
The model visualizes key traffic and environmental performance measures at
near-real time, providing dynamic feedback. This paper provides an overview
of the architecture and utilizes sensitivity analysis to explore the impact of
volume data imputations on the real-time data-driven simulation produced
performance measures.
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Examining Resident Assignment in Dermatology Outpatient Clinic Using
Discrete-event Simulation / Nurul Suhaimi (Northeastern University)

Residents are one of the key resources in healthcare settings as their participation
affected patient care activities. They are not only student in training, but also
provider for medical services. The competing mission in a residency programs
require assignment policies that is parallel with the clinic performance goals. This
paper evaluate resident assignment by determining ideal number of residents to
physician for different patient volumes using discrete-event simulation. Results
show that while resident assignment can be made based on patient volume, it
also depends on the goals of the clinic as well as provider utilization in the clinic.

Monday 8:00a.m.-9:30a.m.
KEYNOTE / WOODROW WILSON BALLROOM

Conference Keynote: Robert Atlas
Young-Jun Son (University of Arizona)

Modeling and Simulation for Reducing the Risks Associated with Extreme
Weather / Robert Atlas (Former Director NOAA Atlantic Oceanographic and
Meteorological Laboratory)

The reduction of losses related to hurricanes and other extreme weather phe-
nomena involves many complex aspects ranging from purely theoretical, obser-
vational, computational and numerical, to operational and decisional. A correct
warning can lead to proper evacuation and damage mitigation, and produce
immense benefits. However, over-warning can lead to substantial unnecessary
costs, a reduction of confidence in warnings, and a lack of appropriate response.
In this chain of information, the role played by scientific research is crucial. The
National Oceanic and Atmospheric Administration (NOAA), in combination
with the National Aeronautics and Space Administration (NASA), other agen-
cies, and universities is contributing to these efforts through observational and
theoretical research to better understand the processes associated with extreme
weather. This includes model and data assimilation development, Observing
System Experiments (OSE), and Observing System Simulation Experiments
(OSSE) designed to ascertain the value of existing observing systems and the
potential of new observing systems to improve weather prediction and theoreti-
cal understanding. We describe innovative research for developing advanced
next-generation global and regional models to improve weather prediction, and
the application of OSSEs to optimize the observing system.

Robert Atlas is the former Chief Meteorologist at NASA’s Goddard Space
Flight Center (GSFC), and is currently Director Emeritus of the National
Oceanic and Atmospheric Administration’s (NOAA) Atlantic Oceanographic
and Meteorological Laboratory in Miami, Fla. Some of the areas he focuses
his current research on include the prediction, movement and strengthening
of hurricanes. He has worked with both satellite data and computer models
as a means to study these hurricane behaviors. Dr. Atlas received his Ph.D. in
Meteorology and Oceanography in 1976 from New York University. Prior to
receiving the doctorate, he was a weather forecaster in the U.S. Air Force where
he maintained greater than 95 percent forecast accuracy. From 1976 to 1978, Dr.
Atlas was a National Research Council Research Associate at NASA’s Goddard
Institute for Space Studies, New York, an Assistant Professor of Atmospheric and
Oceanic Science for SUNY and Chief Consulting Meteorologist for the ABC
television network. In 1978, Dr. Atlas joined NASA as a research scientist. He
served as head of the NASA Data Assimilation Office from 1998-2003, and as
Chief meteorologist at NASA GSFC from 2003-2005. Dr. Atlas has performed
research to assess and improve the impact of satellite temperature sounding
and surface wind data since 1973. He was a key member of the team that first
demonstrated the significant impact of quantitative satellite data on numerical
weather prediction and is the world’s leading expert on Observing System
Simulation Experiments, a technology that enables scientists to determine
the quantitative value of new observing systems before funds are allocated
for their development. He served as a member of the Satellite Surface Stress
Working Group, the NASA Scatterometer (NSCAT) Science Team, the ERS
Science Team, the SeaWinds Satellite Team and the Working Group for Space-
based Laser Winds, the Scientific Steering Group for GEWEX, Chairman of
the U.S. World Ocean Circulation Experiment (WOCE) Advisory Group for
model-based air-sea fluxes, and the Council of the American Meteorological
Society. He is currently a member of the Science Teams for two NASA space
missions. From 1974-1976, he developed a global upper-ocean model and
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studied oceanic response to atmospheric wind forcing as well as large-scale
atmospheric response to sea surface temperature (SST) anomalies (unusual
events). In more recent years, his research concentrated on the role of how the
air and sea interacts in the development of cyclones, the role of soil moisture
and unusual SST events in the initiation, maintenance and decay of prolonged
heat waves and drought, and most recently on the modeling and prediction of
hurricane formation, movement and intensification.

Monday 10:00a.m.-11:30a.m.
ADVANCED TUTORIALS / AZALEA 2

Combat Modeling and Distributed Simulation
Andrea D’ Ambrogio (University of Roma TorVergata)

Tutorial on the Engineering Principles of Combat Modeling and Distributed
Simulation / Andreas Tolk (The MITRE Corporation)

This advanced tutorial introduces the engineering principles of combat modeling
and distributed simulation. It starts with the historical context and introduces
terms and definitions as well as guidelines of interest in this domain. The combat
modeling section introduces the main concepts for modeling of the environ-
ment, movement, effects, sensing, communications, and decision making. The
distributed simulation section focuses on the challenges of current simulation
interoperability standards that support dealing with them. Overall, the tutorial
shall introduce the scholar to the operational view (what needs to be modeled),
the conceptual view (how to do combat modeling), and the technical view (how
to conduct distributed simulation).

AGENT-BASED SIMULATION / MAGNOLIA 3

Real-Time Agent-based Simulation
Chris Kuhlman (University of Virginia)

Simulation of Real-Time and Opportunistic Truck Platooning at the Port of
Rotterdam / Best Contributed Applied Paper - Finalist / Berry Gerrits, Martijn
Mes, and Peter Schuur (University of Twente)

Truck platooning is the concept of multiple trucks driving at aerodynamically
efficient inter-vehicle distances in a cooperative and semi-autonomous fashion.
Advanced sensor technology and wireless communication is used to maintain
short and safe following distances between the trucks. This paper proposes an
agent-based simulation model to evaluate a matchmaking system for trucks to
find a suitable partner to platoon with. We consider two types of platoon match-
ing: real-time (at a truck stop) and opportunistic (while driving on the highway).
We evaluate the proposed system using a case study at the Port of Rotterdam
and the surrounding area, where we study various factors influencing platoon
formation and profitability. Results show that the most influential factors in both
platoon formation and the total platoon profitability are wage savings and the
possibility of different truck brands to platoon together.

Static Zoning Divison Elevator Traffic Simulation using Agent-based Model-
ing / Angelika Batosalem, Janelle Marie Gaba, Jan Bertel Ngo, Jonal Ray Ticug,
and Courtney Anne Ngo (De La Salle University)

Elevator traffic affects people who use elevators in high-rise buildings. This
occurs due to elevators operating to cater passengers above its intended capac-
ity. The next set of passengers still needs to wait approximately four minutes
before they are serviced even if the elevators implement a static zoning division
to reduce waiting time during peak hours. Hence, there is a need to optimize
current systems. And to better understand how the system works along with its
pitfalls, the environment will be simulated using agent-based modeling. The
simulation will be modeled and fitted using data gathered from ID scans and
CCTV footages. Through simulation, it would be possible to visualize the be-
havior inside the building and minimize elevator traffic. Removing the elevator
service going down optimized the current system and reduced the round trip
time of the elevators and waiting time of the passengers on high-rise buildings
that use static zoning division.
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An Actor Based Simulation Driven Digital Twin for Analysing Complex Busi-
ness Systems / Souvik Barat and Vinay Kulkarni (Tata Consultancy Services Re-
search), Tony Clark (Aston University), and Balbir Barn (Middlesex University)

Modern enterprises aim to achieve their business goals while operating in a
competitive and dynamic environment. This requires that these enterprises need
be efficient, adaptive and amenable for continuous transformation. However,
identifying effective control measures, adaptation choices and transformation
options for a specific enterprise goal is often both a challenging and expensive
task for most of the complex enterprises. The construction of a high-fidelity
digital-twin to evaluate the efficacy of a range of control measures, adaptation
choices and transformation options is considered to be a cost effective approach
for engineering disciplines. This paper presents a novel approach to analogously
utilise the concept of digital twin in controlling and adapting large complex
business enterprises, and demonstrates its efficacy using a set of adaptation
scenarios of a large university.

AVIATION MODELING AND ANALYSIS / CAMELIA 4

Ground and Airspace Operations
Sameer Alam (Nanyang Technological University)

Bus Fleet Size Dimensioning in an International Airport using Discrete-event
Simulation / Eduardo Carbajal (Pontificia Universidad Catolica del Pert1) and
Frangois Marmier and Franck Fontanili (University of Toulouse)

This papers describes a detailed discrete-event simulation model integrated to
a transactional database of flights to model operations of the bus fleet required
to handle passenger and crew movements from inbound and outbound flights
from gates without passenger loading bridges (PLB) to aircrafts in remote
landing locations in an international airport in Latin America. The objective
of the model designed is to represent to the closest extension the frame of bus
operations including operational policies, capacities, inside road movements,
restrictions and corrective maintenances so it can be used to determine the op-
timum number of buses required to satisfy the service operation levels specified
by the airport management . A simulation model was selected as the best tool
to model this situation because of the many stochastic variables in the airport
process and the aim to build in a posterior stage different scenarios to determine
the optimum fleet size.

System Dynamics for Estimating sUAS Operations / Stephanie Glasser and
Catherine King (MITRE)

The sUAS Adoption and Operations model incorporates the impacts of public
perception of small Unmanned Aircraft System (sUAS) operations and policy
implementation into a holistic model to complement sUAS forecasts. The model
is intended to help policy-makers, regulators, and analysts understand key drivers
and test the impact of policy, perception, and safety on adoption and operations.
This paper provides an overview of the model, its relevance to Federal Aviation
Administration (FAA) forecasting of SUAS adoption and operations, and a case
study to demonstrate the “what if”” capability of the model.

STTAR: a Simheuristics-enabled Scheme for Multi-stakeholder Coordina-
tion of Aircraft Turnaround Operations /| Maurizio Tomasella, Alexandra
Clare, and Yagmur Simge Gok (University of Edinburgh); Daniel Guimarans
(Monash University); and Cemalettin Ozturk (United Technologies Research
Centre Ireland Ltd.)

Aircraft turnaround operations involve all services to an aircraft (e.g. passenger
boarding/disembarking, re-fuelling, deicing) between its arrival and immedi-
ately following departure. The aircraft, parked at its stand, witnesses a number
of service providers move around it to perform their duties. These companies
run substantially independent operations, working for different airlines/flights
within a confined area where many resources, including physical space itself,
have inescapably to be shared. Inter-dependencies among service providers
abound, and knock-on effects at disrupted times are rife. Coordination from the
side of the airport operator is difficult. We envisage a tactical robust scheme
whereby ground handlers and the airport operator cooperate, albeit indirectly,
in the development of plans for the next day that are less likely to be impacted
by at least the more frequent operational disruptions. The scheme is based on a
simheuristic approach which integrates ad-hoc heuristics with a hybrid simula-
tion model (agent-based/discrete-event).
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CASE STUDIES / BALTIMORE 5

Digital Twin
David T. Sturrock (Simio LLC)

Simulating Infrastructural Interactions in Digital Twin Cities / Eric K. Chris-
tensen, Steven Hardy, Ben Frederick M. Intoy, and William J. Porter (Deloitte
Consulting LLP)

City infrastructure is becoming more complex and no one system is in complete
isolation from others. A method of constructing digital twin cities with traffic,
electrical, and telecommunication layers using open- and crowd-sourced data
is outlined. The digital twin can be then perturbed to study how changes and
failures in any one system can propagate to others.

Digital Twin for Capacity Analysis of an Oil Pipeline Terminal / Martin
Franklin (MOSIMTEC LLC) and Kevin Hanson (MOSIMTEC Canada Inc.)

Modeling and simulation was key in solving a prominent problem in the oil and
gas industry; how to mitigate disruption from stoppages in a single pipeline and
keeping customers supplied with minimal interruptions required for sustaining
high service levels. The client commenced various expansion projects to add
storage capacity to an existing pumping station. Concern was raised about
future demand exceeding capacity. The client was interested in identifying the
optimal number, size, and arrangement of the tankage at the new terminal in
order to obtain the most cost efficient use of capital towards operational gains
for their end customer. Benefits of the new terminal were expected to include
improvements in the ability to receive mainline inputs to the terminal despite
variability in sending batches to end customers, and conversely in the event of
upstream upsets, providing consistency and predictability of batch deliveries
to their end customers.

CYBERSECURITY /AZALEA 3

Panel: Simulation for Cyber Risk Management: Where Are We, and Where
Do We Want to Go?
Sachin Shetty (Old Dominion University)

Simulation for Cyber Risk Management — Where are we, and where do we
want to go? / Sachin Shetty (Old Dominion University), Indrajit Ray (Colorado
State University), Nurcin Celik and Michael Mesham (University of Miami),
Nathaniel Bastian (U.S. Military Academy), and Quanyan Zhu (New York
University)

There is a dearth of simulation environments that conduct a comprehensive
cyber risk assessment and provide insights that are accessible for decision
makers and operational folks. During the Winter Simulation Conference 2019,
a group of experts will discuss the challenges and opportunities for developing
simulation platforms for cyber risk management. The panel will focus on issues
with integrating technologies into simulation platforms, loss of fidelity due to
lack of access to cyber datasets and complexity involved in representing cyber-
physical systems. This paper is a collection of position papers of the participating
experts supporting their viewpoints that will be captured in the panel discussion.

ENVIRONMENT SUSTAINABILITY AND RISK / CAMELLIA 1

Decision Support Modeling and Analytics
Barry Lawson (University of Richmond)

An Optimization via Agent-based Simulation Framework to Integrate Sto-
chastic Programming with Human Introduced Uncertainty /| Mohammad
Ramshani, Xueping Li, Anahita Khojandi, and Lorna Treffert (University of
Tennessee)

Uncertainty is ubiquitous in almost every real world optimization problem.
Stochastic programming has been widely utilized to capture the uncertain nature
of real world optimization problems in many different aspects. These models,
however, often fall short in adequately capturing the stochasticity introduced
by the interactions within a system or a society involving human beings or sub-
systems. Agent-based modeling, on the other hand, can efficiently handle such
randomness resulted from the interactions among different members or elements
of a systems. In this study, we develop a framework for stochastic program-
ming optimization by embedding an agent-based model to allow uncertainties
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due to both stochastic nature of system parameters as well as the interactions
among the agents. A case study is presented to show the effectiveness of the
proposed framework.

A Simulation Framework for the Rebalancing and Maintenance of Bicycle-
sharing Systems / Yu Jin, Cesar Ruiz, Haitao Liao, and Harry Pierson (University
of Arkansas)

Bicycle-sharing system (BSS) has attracted much attention due to its great suc-
cess in providing a low-cost and environment-friendly alternative to traditional
public transportation systems. In some BSSs comprised of stations with fixed
docks, customer satisfaction can be measured by the availability of bikes for
pick-ups and/or open docks for returns. However, it is quite common that the
spatial balance of bike inventories will be broken due to customers’ behavior
or frequent failures of bikes and docks. As a result, constant rebalancing and
maintenance services are required to sustain adequate levels of customer satis-
faction. In this research, a simulation framework is developed to optimize the
rebalancing and maintenance activities while satisfying customers’ needs over
a service area. An optimization model solved by Ant Colony Optimization is
applied on the Citibike in New York City, which is considered as an example to
validate the effectiveness and efficiency of the proposed simulation framework.

The Impact of Geographic Scale on Identifying Different Social Media
Behavior Extremes in Crisis Research / Rachel Samuels and John E. Taylor
(Georgia Tech)

Our relationship with technology is constantly evolving, and that relationship
is adapting even more quickly when faced with disaster. Understanding how to
utilize human interactions with technology and the limitations of those interac-
tions will be a crucial building block to contextualizing crisis data. The impact of
scale on behavioral change analyses is an unexplored yet necessary facet of our
ability to identify relative severities of crisis situations, magnitudes of localized
crises, and total durations of disaster impacts. In order to analyze the impact
of increasing scale on the identification of extreme behaviors, we aggregated
Twitter data from Houston, Texas circa Hurricane Harvey across a wide range
of scales. We found inversely related power law relationships between the
identification of sharp Twitter activity bursts and sharp activity drop-offs. The
relationships between these variables indicate the direct, definable dependence
of social media aggregation analyses on the scale at which they are performed.

HEALTHCARE / MAGNOLIA 1

Agent-based Models in Healthcare
Mohammad Dehghani (Northeastern University)

An Agent-based Model of Hepatitis C Virus Transmission Dynamics in the
Indian Context / Soham Das and Diptangshu Sen (Indian Institute of Technol-
ogy Delhi), Ajit Sood (Dayanand Medical College and Hospital), and Varun
Ramamohan (Indian Institute of Technology Delhi)

In this study, we develop a model of hepatitis C virus (HCV) transmission dy-
namics capable of analyzing the health, economic and epidemiological impact of
treatment and large-scale screening in the Indian context. The model simulates
the interaction of infected and uninfected agents in environments wherein key
risk factors of HCV transmission operate. The natural history of disease is
simulated using a previously published and validated Markov model. The agent
interaction/transmission environments simulated by the model include a home
environment for transmission via unprotected sex, a medical environment for
transmission via unsafe medical practices, educational and social interaction
environments for conversion of non-injecting drug user (IDU) agents to IDUs
and transmission via sharing of injecting equipment among IDUs. The model
is calibrated to current HCV and IDU prevalence targets. We present model
calibration results and preliminary results for the impact of treatment uptake
rates on HCV and IDU prevalence.

A System Approach to Study Waiting Times at Emergency Departments in
Metropolitan Environments / Elhabib Moustaid and Sebastiaan Meijer (KTH
Royal Institute of Technology)

Providing quality emergency care is one of the biggest challenges faced in
healthcare today. This article lays the groundwork for operating and planning
emergency care provision in metropolitan environments using a system ap-
proach that goes beyond studying each emergency department in isolation.
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The approach consists of the development of an agent-based simulation using
a bottom-up approach modeling patients, doctors, hospitals, and their interac-
tions. The simulation is validated against real historical data of waiting times in
the Stockholm region. Through experimentation with the simulation, changing
the way patients choose emergency departments in metropolitan areas through
the provision of information in real-time is shown to have generally a positive
effect on waiting times and the quality of care. The simulation analysis shows
that the effects are not uniform over the whole system and its agents.

Multi-objective Model Exploration of Hepatitis C Elimination in an Agent-
based Model of People Who Inject Drugs / Eric Tatara, Nicholson T. Collier, and
Jonathan Ozik (Argonne National Laboratory, University of Chicago); Alexander
Gutfraind, Scott J. Cotler, and Harel Dahari (Loyola University Medical Center);
Marian Major (US Food and Drug Administration); and Basmattee Boodram
(University of Illinois at Chicago)

Hepatitis C (HCV) is a leading cause of chronic liver disease and mortality
worldwide and persons who inject drugs (PWID) are at the highest risk for
acquiring and transmitting HCV infection. We developed an agent-based model
(ABM) to identify and optimize direct-acting antiviral (DAA) therapy scale-up
and treatment strategies for achieving the World Health Organization (WHO)
goals of HCV elimination by the year 2030. While DAA is highly efficacious,
it is also expensive, and therefore intervention strategies should balance the
goals of elimination and the cost of the intervention. Here we present and
compare two methods for finding PWID treatment enrollment strategies by
conducting a standard model parameter sweep and compare the results to an
evolutionary multi-objective optimization algorithm. The evolutionary approach
provides a pareto-optimal set of solutions that minimizes treatment costs and
incidence rates.

HYBRID SIMULATION / CAMELLIA 3

Panel: Toward Conceptual Modeling for Hybrid Simulation: Setting the
Scene
Antuela Tako (Loughborough University)

Panel: Towards Conceptual Modelling for Hybrid Simulation: Setting the
Scene / Antuela Tako (Loughborough University), Tillal Eldabi (University of
Surrey), Paul Fishwick (University of Texas at Dallas), Caroline Krejci (Uni-
versity of Texas at Arlington), and Martin Kunc (Southampton Business School)

A recent review paper of hybrid simulation modelling has identified that con-
ceptual modelling is one of the least developed stages in the modelling lifecycle.
Admittedly, it is generally accepted that the same applies to conceptual model-
ling for single-method simulation. However, in the case of building a hybrid
simulation we risk creating even more complex models. Furthermore, it doesn’t
help that that there are no standard modelling approaches shared by the different
modelling methods (DES, SD, ABS) to enable a common hybrid conceptual
model. This panel paper discusses the state of art of conceptual modelling for
hybrid simulation and further developments needed to support the design of
hybrid simulations. The purpose of this panel is to initiate a discussion about
conceptual modelling in HS, with the view to identifying improvements and
needs for further research in this area.

INTRODUCTORY TUTORIALS / AZALEA 1

How to Build Valid and Credible Simulation Models
Hans Vangheluwe (McGill University, University of Antwerp)

How to Build Valid and Credible Simulation Models / Averill M. Law (Averill
M. Law & Associates, Inc.)

In this tutorial we present techniques for building valid and credible simulation
models. Ideas to be discussed include the importance of a definitive problem
formulation, discussions with subject-matter experts, interacting with the deci-
sion-maker on a regular basis, development of a written assumptions document,
structured walk-through of the assumptions document, use of sensitivity analysis
to determine important model factors, and comparison of model and system
output data for an existing system (if any). Each idea will be illustrated by one
or more real-world examples. We will also discuss the difficulty in using formal
statistical techniques (e.g., confidence intervals) to validate simulation models.
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LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 1

Supply Chain Management
Elizabeth R. Rasnick (Georgia Southern University)

Domain-specific Language for Modeling and Simulating Actions in Logistics
Networks / Markus Rabe and Dominik Schmitt (TU Dortmund University)

Making adjustments to a logistics network to keep it in good condition is a
major challenge. Logistics assistance systems are regularly used to support
this process. The authors have developed such a logistics assistance system
that identifies, evaluates, and proposes promising actions to the decision-maker.
A simheuristic approach, utilizing a data-driven discrete-event simulation in
combination with meta-heuristic algorithms is used for this purpose. A typical
feature of such systems, however, is that the possible changes to the logistics
network are predefined by the respective logistics assistance system. In order
to address this aspect, the authors have developed a novel method that allows
for modeling, integration, and simulation of user-generated actions. The method
is based on a domain-specific language for the formal description of actions in
logistics networks, allowing domain experts to model actions without having
in-depth programming knowledge.

Deadlock and Collision Handling for Automated Rail-based Storage and
Retrieval Units / Marcel Miiller, Tobias Reggelin, and Stephan Schmidt (Otto
von Guericke University Magdeburg)

When planning logistics systems with multiple transport objects or systems,
modeling requires the implementation of complex control logic to avoid col-
lisions and deadlocks. This paper illustrates a procedure for the development
of such control logic on the example of rail-based storage and retrieval units
in combinations with lifts in the picking area of an industrial laundry. Typical
collision situations and a possible solution approach for avoiding these are de-
scribed. In addition, a discrete-event simulation demonstrates which situations
occur most frequently depending on warehouse dimensioning.

Simulation-based Optimization of Sequencing Buffer Allocation in Automated
Storage and Retrieval Systems for Automobile Production / Christian Urnauer,
Eva Bosch, and Joachim Metternich (Technische Universitit Darmstadt)

In production control with a stable order sequence, the assembly order is fixed
in the form of the so-called pearl chain. However, parallelism and instabilities
in the production process cause scrambling in the order sequence. The stability
of the order sequence can be increased by using sequencing buffers between the
individual production units. In the automobile industry, all sequencing buffers
frequently share one large automated storage and retrieval system (AS/RS) with
limited capacity. In existing approaches for dimensioning sequencing buffers,
this shared capacity restriction is not considered, even though the optimal
distribution of buffer capacity might be an important lever for increasing the
sequence stability. Therefore, the focus of this paper is the identification of the
optimal capacity distribution between several sequencing buffers using the same
storage area. A greedy simulation-based improvement heuristic is developed
which makes it possible to find promising solutions with a practical and intui-
tive optimization approach.

LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 2

Urban Transportation Logistics
Dave Goldsman (Georgia Institute of Technology)

Dynamic Congestion Pricing for Ridesourcing Traffic: A Simulation-Optimi-
zation Approach / Qi Luo and Zhiyuan Huang (University of Michigan) and
Henry Lam (Columbia University)

Despite the documented benefits of ridesourcing services, recent studies show
that they can slow down traffic in the densest cities significantly. To implement
congestion pricing policies upon those vehicles, regulators need to estimate the
degree of the congestion effects. This paper studies a simulation-based approach
to address the technical challenges arising from the system dynamics models
and the congestion price optimization. To estimate the traffic conditions, we
use a metamodel representation for traffic flow and a numerical method for
data interpolation. To reduce the burden of replicating evaluation in stochastic
optimization, we use a simulation-optimization approach to compute the optimal
congestion price. This data-driven approach can potentially be extended to solve
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large-scale congestion pricing problems under uncertainty.

Using Discrete-event Simulation to Analyze Pricing Strategies for Same-
location Car Rentals / Abdullah A. Alabdulkarim (Majmaah University),
Ibrahim M. Al-Harkan (King Saud University), and David Goldsman (Georgia
Institute of Technology)

The car rental business is a multi-billion-dollar industry with ever-increasing
competitiveness. Car rental companies must adapt dynamic pricing strategies
to maximize revenues and operational efficiency. The aim of this study is to
understand what pricing strategies work best for rental companies so as to
achieve higher revenue for same-location pick-up and drop-off of rentals. With
this goal in mind, we have modified a simulation model from a previous study to
incorporate the logic for the current analysis. The analysis has been conducted
with realistic customer demand inputs and a design of experiments consisting
of 195 scenarios. The results show that with our improved pricing strategy, it
is possible to increase revenues by more than 20 percent.

MASM: SEMICONDUCTOR MANUFACTURING / BALTIMORE 3

Scheduling and Dispatching
John Fowler (Arizona State University)

A Sequential Search Framework for Selecting Weights of Dispatching Rules
in Manufacturing Systems / Je-Hun Lee, Young Kim, and Yun Bae Kim
(Sungkyunkwan University); Hyun-Jung Kim (SungKyunKwan University);
and Byung-Hee Kim and Goo Hwan Chung (VMS Solutions Co.,Ltd.)

Dynamic manufacturing systems consisting of multiple stages use a combination
of dispatching rules to obtain production schedules in general. A weighted sum
method, which assigns different weights to each dispatching rule and prioritizes
jobs with a high weighted sum, is widely used especially for LCD and semicon-
ductor manufacturing. A suitable set of weights by considering dynamic system
states has to be determined in order to improve the throughput and utilization of
systems. Hence, we develop a sequential search framework, with simulation and
decision trees, which can generate a good weight set of dispatching rules within
a short period of time. We show that the proposed search method performs better
than a random search by performing experiments with real fab data.

A Global WIP Oriented Dispatching Scheme: Work-center Workload Balance
Without Relying On Target WIP / Zhugen Zhou and Oliver Rose (University
of Federal Armed Forces Munich)

Work-in-process (WIP) oriented dispatching rules have been widely applied
to balance workload for work-center in wafer fabs. The performances of WIP
oriented rules, e.g., minimum inventory variability scheduling (MIVS) and WIP
control table (WIPCT), highly rely on the accuracy of target WIP, as the target
WIP plays a major role in measuring the pull request of work-center. In this
paper, to replace the target WIP, we propose a workload indicator (WI), which
utilizes global fab information like dynamic workload of work-center, batch size,
setup requirement and lot status, to measure the pull request of work-center. Fur-
thermore, the proposed W1 is applied in a global fab dispatching scheme which
considers K-machine look ahead and J-machine look back. Simulation results
show its significant improvement versus the use of the target WIP oriented rules.

On the Consequences of Un-Modeled Dynamics to the Optimality of Schedules
in Clustered Photolithography Tools | Hyeong-Ook Kim, Se-Hyeon Park, Jung
Yeon Park, and James Robert Morrison (Korea Advanced Institute of Science
and Technology)

Clustered photography tools (CPTs) are very complex and can substantially
influence the throughput of wafer fabrication facilities. Therefore, efficient lot
scheduling for CPTs can directly improve fab performance. In this paper, we
develop mixed integer linear programs for linear, affine, exit recursion, and flow
line models of CPTs to optimize schedules with respect to mean cycle time,
makespan, and tardiness. We simulate a true CPT using a flow line and solve
the MILPs for other above mentioned, reduced models. Schedules from reduced
models are then input into the flow line optimization model in order to evalu-
ate the loss. Using numerical experiments, we show that exit recursion models
outperform other models. Under time limits, exit recursion models exhibit at
least 6% better performance than flow lines for large problems on cycle time.
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PROJECT MANAGEMENT, CONSTRUCTION / CAMELLIA 2

Simulation for Planning Equipment-Intensive Operations
Wenying Ji (George Mason University)

Optimizing Earth Moving Operations Via Reinforcement Learning / Vivswan
Shitole (Oregon State University, none) and Joseph Louis and Prasad Tadepalli
(Oregon State University)

Earth moving operations are a critical component of construction and mining
industries with a lot of potential for optimization and improved productivity. In
this paper we combine discrete-event simulation with reinforcement learning
(RL) and neural networks to optimize these operations that tend to be cyclical
and equipment-intensive. One advantage of RL is that it can learn near-optimal
policies from the simulators with little human guidance. We compare three dif-
ferent RL methods including Q-learning, Actor-Critic, and Trust Region Policy
Optimization and show that they all converge to significantly better policies
than human-designed heuristics. We conclude that RL is a promising approach
to automate and optimize earth moving and other similar expensive operations
in construction, mining, and manufacturing industries.

A Generic Simulation Model for Selecting Fleet Size in Snow Plowing
Operations / Yipeng Li and Shuoyan Xu (University of Alberta); Zhen Lei
(University of New Brunswick); and Lingzi Wu, Simaan AbouRizk, and Tae
Kwon (University of Alberta)

Accumulated snow on roads poses a threat to traffic systems and rouses signifi-
cant safety concerns. Snow plowing is often used to recover roads in the event
of heavy snow. Due to the unpredictability of weather conditions, it is difficult
to determine the overall performance of a certain truck fleet size, thus make
it challenging to estimate the number of snow plow trucks needed for a given
highway area. The objective of this research is to estimate the truck fleet perfor-
mance under uncertain weather conditions, and to provide decision support for
selecting a reasonable fleet size. A generic simulation model is developed in the
Simphony.NET environment. Weather, road network, and truck speed data are
entered as inputs, and Monte Carlo simulation is used to generate random snow
events to quantify the performance. A case study is developed and presented to
demonstrate the practicality and feasibility of the proposed model.

RISK ANALYSIS /ANNAPOLIS 3

Advances in Risk Modeling and Analysis
David Poza (INSISOC - University of Valladolid)

A Multi-Dimensional, Counter-based Pseudo Random Number Generator
as a Standard for Monte Carlo Simulations / Douglas W. Hubbard (Hubbard
Decision Research)

As decisions models involving Monte Carlo simulations become more widely
used and more complex, the need to organize and share components of models
increases. Standards have already been proposed which would facilitate the
adoption and quality control of simulations. I propose a new pseudo-random
number generator (PRNG) as part of those standards. This PRNG is a simple,
multi-dimensional, counter-based equation which compares favorably to other
widely used PRNGs in statistical tests of randomness. Wide adoption of this
standard PRNG may be helped by the fact that the entire algorithm fits in a
single cell in an Excel spreadsheet. Also, quality control and auditability will be
helped because it will produce the same results in any common programming
language regardless of differences in precision.

The Metalog Distributions and Extremely Accurate Sums of Lognormals in
Closed Form / Thomas W. Keelin (Keelin Reeds Partners), Lonnie Chrisman
(Lumina Decision Systems), and Sam L. Savage (ProbabilityManagement.org)

The metalog probability distributions can represent virtually any continuous
shape with a single family of equations, making them far more flexible for rep-
resenting data than the Pearson and other distributions. Moreover, the metalogs
are easy to parameterize with data without non-linear parameter estimation,
have simple closed-form equations, and offer a choice of boundedness. Their
closed-form quantile functions (F”-1) enable fast and convenient simulation.
The previously unsolved problem of a closed-form analytical expression for the
sum of lognormals is one application. Uses include simulating total impact of
an uncertain number N of risk events (each with iid [independent, identically
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distributed] individual lognormal impact), noise in wireless communications
networks and many others. Beyond sums of lognormals, the approach may be
directly applied to represent and subsequently simulate sums of iid variables from
virtually any continuous distribution, and, more broadly, to products, extreme
values, or other many-to-one change of iid or correlated variables.

Validation Risk in Hierarchical Models / John B. Young (MITRE, Old Domin-
ion University) and Barry Ezell (Virginia Modeling, Analysis, and Simulation
Center; Old Dominion University)

Using a model as an input data source for integration into another model car-
ries with it risks to the validity of the model composition. This paper presents
research into the inherent risks of model integration. The research decomposes
models into sets of semantic concepts allowing for a calculation of structural
alignment. Measurable changes in a model’s output due to the integration of
another model provide an impact assessment. Risks to decisions arise from
incompatible assumptions and constructions of models. We present a risk as-
sessment as a tuple containing differences in models’ alignment across three
axes and in changes in a model’s output metrics. Risks to decisions arise from
incompatible assumptions and constructions of models.

SCIENTIFIC APPLICATIONS / MAGNOLIA 2

Numerical simulations
Esteban Mocskos (University of Buenos Aires (AR), CSC-CONICET)

The Effect of Symmetric Permutations on the Convergence of a Restarted
GMRES Solver with ILU-type Preconditioners / Sanderson L. Gonzaga de
Oliveira and C. Carvalho (UFLA) and Carla Osthoff (LNCC)

This paper is concerned with applying heuristics for bandwidth reduction as a
preprocessing step of a restarted Generalized Minimal Residual (GMRES for
short) solver preconditioned by ILU-type preconditioners. Hundreds of heuristics
have been proposed to solve the problem of bandwidth reduction since the mid-
1960s. Previous publications have reviewed several heuristics for bandwidth
reduction. Based on this experience, this paper evaluates nine low-cost sym-
metric permutations. Numerical simulations are presented to investigate the
influence of these orderings on the convergence of the preconditioned GMRES
solver restarted every 50 steps when applied to large-scale nonsymmetric and
not positive definite matrices. This paper shows the most promising combination
of preconditioner and ordering for each linear system used.

Numerical Simulations of the 1-D Modified Burgers’ Equation /| Diogo
T. Robaina (ESPM), Sanderson L. Gonzaga de Oliveira (UFLA), Mauricio
Kischinhevsky (UFF), Carla Osthoff (LNCC), and Alexandre C. Sena (UERJ)

This paper shows the results yielded by several numerical methods when ap-
plied to the 1-D modified Burgers’ equation. In particular, the paper evaluates
anew hybrid method against ten high-order methods when applied to the same
equation. The novel numerical method for convection-dominated fluid or heat
flows is based on the Hopmoc method and backward differentiation formulas.
The results highlight that the new hybrid method yields promising accuracy
results with regards to several existing high-order methods.

Large-scale Multithreading Self-gravity Simulations for Astronomical Ag-
glomerates / Sergio Nesmachnow, Nestor Pablo Rocchetti, and Gonzalo Tancredi
(Universidad de la Republica)

This article presents parallel multithreading self-gravity simulations for as-
tronomical agglomerates, applying High Performance Computing techniques
to allow the efficient simulation of systems with a large number of particles.
Considering the time scales needed to properly simulate the processes involved
in the problem, two parallel mesh-based algorithms to speed up the self-gravity
calculation are proposed: a method that updates the occupied cells of the mesh,
and a method to divide the domain based on the Barnes-Hut tree. Results of
the experimental evaluation performed over a scenario with two agglomerates
orbiting each other indicate that the Barnes-Hut allows accelerating the execu-
tion times over 10x compared to the occupied cells method. These performance
improvements allow scaling up to perform realistic simulations with a large
number of particles (i.e., tens of millions) in reasonable execution times.
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SIMULATION EDUCATION / ANNAPOLIS 4

Teaching the Next Generation of Professionals
Krzysztof Rechowicz (VMASC)

Software Skills Required by M&S Graduates for DES Development / James
F. Leathrum, John A. Sokolowski, Yuzhong Shen, and Michel Audette (Old
Dominion University)

The creation of a new modeling and simulation engineering program presented
the opportunity to evaluate the core skills desirable in a well-rounded graduate.
Software was identified as an often neglected aspect of modeling and simula-
tion programs and an attempt was made to remedy this. This paper discusses
the software skills identified as necessary/desirable in a graduate. The focus
is on discrete-event simulation (DES), though the skills are transferable to
other paradigms. The discussion is partitioned into discussing skills appropri-
ate for simulation application development and simulation tool development.
The discussion is further partitioned to discuss core computer science skills
(object-oriented programming and data structures), software architecture,
graphics development, implementing DES worldviews, and an ability to work
with open source software. The result is a graduate that is desirable to industry
and graduate research.

Modeling & Simulation in Systems Engineering: a Survey Course | Margaret
Loper and Marshall Bronston (Georgia Tech Research Institute) and Brian
Berenbach (Georgia Institute of Technology)

Systems engineering is a bit different from other engineering disciplines in
that students from many disciplines are enrolled in the program. Therefore, the
objective is not to teach a simulation subject in depth, but rather to introduce
the students to different techniques so that they can work with and manage
simulation staff on a project. However, they need some “hands on” experience
so that they know how challenging simulations can be, avoiding the trap of
underestimating the effort involved. This paper describes the approach used at
Georgia Tech to teach a compressed 7 week simulation survey course called
ASE 6003 Modeling & Simulation in Systems Engineering. We describe the
techniques used, our approach and the results achieved over recent years of
teaching simulation in this format. Finally we discuss lessons learned and offer
suggestions for others interested in offering a similar course.

Active Learning Experience In Simulation Class Using A LEGO®-based
Manufacturing System |/ Giovanni Lugaresi (Politecnico di Milano); Ziwei
Lin (Shanghai Jiao Tong University, Politecnico di Milano); and Nicla Frigerio,
Mengyi Zhang, and Andrea Matta (Politecnico di Milano)

Simulation classes have the main advantage of deeply involving and stimulat-
ing students through intensive work in computer laboratories and projects.
The counterpart is often the lack of the real system that is subject to simulation
modeling. Creating, building and validating a simulation model of a system
that cannot be observed represent a real obstacle for student learning. In this
paper, we describe the experience from an educational project launched in a
course of manufacturing systems for mechanical engineering students in which
discrete-event simulation plays a fundamental role in performance evaluation.
The project has been designed to exploit student interaction with a LEGO-based
physical system. Students have the possibility to learn from the physical system
and making experiments together with the simulation model built during project
activities. The project details are also described with the hope that the project
becomes a simulation case study and be replicated in other courses.

SIMULATION OPTIMIZATION / ANNAPOLIS 1

Ranking and Selection
Chun-Hung Chen (George Mason University)

Balancing Optimal Large Deviations in Ranking and Selection / Ye Chen (Vir-
ginia Commonwealth University) and Ilya O. Ryzhov (University of Maryland)

The ranking and selection problem deals with the optimal allocation of a simula-
tion budget to efficiently identify the best among a finite set of unknown values.
The large deviations approach to this problem provides very strong performance
guarantees for static (non-adaptive) budget allocations. Using this approach,
one can describe the optimal static allocation with a set of highly nonlinear,
distribution-dependent optimality conditions whose solution depends on the
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unknown parameters of the output distribution. We propose a new methodology
that provably learns this solution (asymptotically) and is very computationally
efficient, has no tunable parameters, and works for a wide variety of output
distributions.

Lookahead Contraction Policies for Bayesian Ranking and Selection with
Pairwise Comparisons / Best Contributed Theoretical Paper - Finalist / Laura
Priekule and Stephan Meisel (University of Miinster)

We propose and evaluate novel sampling policies for a Bayesian ranking and
selection problem with pairwise comparisons. We introduce the lookahead
contraction principle and apply it to three types of value factors for lookahead
policies. The resulting lookahead contraction policies are analyzed both with
the minimal number of lookahead steps required for obtaining informative value
factors, and with fixed number of lookahead steps. We show that lookahead
contraction reduces the minimal number of required lookahead steps, and that
contraction guarantees finiteness of the minimal lookahead. For minimal looka-
head we demonstrate empirically that lookahead contraction never leads to worse
performance, and that lookahead contraction policies based on expected value
of improvement perform best. For fixed lookahead, we show that all lookahead
contraction policies eventually outperform their counterparts without contrac-
tion, and that contraction results in a performance boost for policies based on
predictive probability of improvement.

Multiobjective Ranking and Selection With Correlation and Heteroscedastic
Noise / Sebastian Rojas Gonzalez (KU Leuven), Juergen Branke (Warwick
Business School), and Inneke Van Nieuwenhuyse (Hasselt University)

We consider multi-objective ranking and selection problems with heteroscedastic
noise and correlation between the mean values of alternatives. From a Bayesian
perspective, we propose a sequential sampling technique that uses a combina-
tion of screening, stochastic kriging metamodels, and hypervolume estimates
to decide how to allocate samples. Empirical results show that the proposed
method only requires a small fraction of samples compared to the standard
EQUAL allocation method, with the exploitation of the correlation structure
being the dominant contributor to the improvement.

UNCERTAINTY QUANTIFICATION AND ROBUST SIMULATION /
ANNAPOLIS 2

Input Uncertainty Quantification
Enlu Zhou (Georgia Institute of Technology)

Metamodel-assisted Sensitivity Analysis for Controlling the Impact of Input
Uncertainty / Wei Xie (Northeastern University), Pu Zhang (Rensselaer Poly-
technic Institute), and Bo Wang (Northeastern University)

Given finite real-world data, input models are estimated with error. Thus, the
system performance estimation uncertainty includes both input and simulation
uncertainties. Built on the global sensitivity analysis proposed by Oakley and
O’Hagan, we develop a metamodel-assisted Bayesian framework to quantify
the contributions from simulation and input uncertainties. It further estimates the
impact from each source of input uncertainty and predicts the value of collecting
additional input data, which could guide the data collection to efficiently improve
the system response estimation accuracy. The empirical study demonstrates that
our approach has promising performance.

Efficient Input Uncertainty Quantification via Green Simulation Using
Sample Path Likelihood Ratios / Ben M. Feng (University of Waterloo) and
Eunhye Song (Penn State University)

Bootstrapping is a popular tool for quantifying input uncertainty, inflated un-
certainty in the simulation output caused by finite-sample estimation error in
the input models. Typical bootstrap-based procedures have a nested simulation
structure that requires BR simulation runs: the outer loop bootstraps B input
distributions, each of which requires R inner simulation runs. In this article, we
present a measure-theoretic framework for constructing a sample path likeli-
hood ratio and propose an efficient input uncertainty quantification procedure
using two green simulation estimators. The proposed procedures reuse the
same R inner simulation outputs in all outer loops by reweighting them using
appropriately defined likelihood ratios. Both procedures produce asymptotically
valid confidence intervals for the expected simulation output under the true
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input distribution. Our numerical results show that the proposed procedures
have efficiency gains compared to other popular bootstrap-based alternatives.

Estimating Sensitivity to Input Model Variance / Wendy Xi Jiang and Barry L.
Nelson (Northwestern University) and Liu Hong (Fudan University)

Simple question: How sensitive is your simulation output to the variance of
your simulation input models? Unfortunately, the answer is not simple because
the variance of many standard parametric input distributions can achieve the
same change in multiple ways as a function of the parameters. In this paper
we propose a family of output-mean-with-respect-to-input-variance sensitivity
measures and identify two particularly useful members of it. A further benefit
of this family is that there is a straightforward estimator of any member with
no additional simulation effort beyond the nominal experiment. A numerical
example is provided to illustrate the method and interpretation of results.

VENDOR / BALTIMORE 4
Interactive Simulation Tools

Interactive On-the-fly Simulators: Benefits, Advantages and Applications /
Hosni Adra (CreateASoft, Inc.)

Interactive on-the-fly simulators offer key advantages over traditional simula-
tion tools in all aspects of a simulation project life cycle. Unlike traditional
simulators that require constant starting and stopping of the simulation engine
to validate and develop models, interactive on-the-fly simulators allow for model
development while the simulator is running. This new breed of simulation tools
impact model development, model validation, environment optimization, and
provide a path to real-time self-modifying simulation models. The interactive
component of the new simulators allows for additional uses of the completed
model such as employee training, risk mitigation, and real-time optimization.
Interactive on-the-fly simulators are being used to improve scheduling, optimize
the flow, and provide simulation benefits to less experienced personnel. This new
breed of simulation environment can learn the model behavior and dynamically
optimize the process flow. They provide all the integration points required for
IoT and Industry 4.0. www.createasoft.com.

Discrete-event Simulation Modeling—And Beyond—With SAS Simulation
Studio / Edward P. Hughes and Anup C. Mokashi (SAS Institute Inc.)

Discrete-event simulation is important in its own right and is inevitably inter-
twined with many other forms of analytics. Source data often must be processed
before being used in a simulation model. Collection of simulated data needs
to coordinate with and support the evaluation of performance metrics. Or you
might need to integrate other analytics into a simulation model to capture specific
complexities in a modeled system. SAS® Simulation Studio provides an interac-
tive, graphical environment for building, running, and analyzing discrete-event
simulation models, and is deeply integrated with other SAS® analytics. We
illustrate how SAS Simulation Studio helps you work with simulation models
and address related challenges. You have full control over the use of input data
and the creation of simulated data. With strong experimental design capabili-
ties, you can simulate for all needed scenarios. Additionally, you can embed
any SAS analytic program directly into the execution of your simulation model.

Monday 12:20p.m.-1:20p.m.
TITANS OF SIMULATION / WOODROW WILSON BALLROOM

Titan Talk: Margaret Loper
Peter ] Haas (UMass Ambherst)

Simulation Trust and the Internet of Things / Margaret Loper (Georgia Tech
Research Institute)

The urban environment is becoming increasingly more connected and complex.
In the coming decades, we will be surrounded by billions of sensors, devices,
and machines, the Internet of Things (IoT). As the world becomes more con-
nected, we will become dependent on machines and simulation to make decisions
on our behalf. When simulation systems use data from sensors, devices and
machines (i.e., things) to make decisions, they need to learn how to trust that
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data, as well as the things they are interacting with. As embedded simulation
becomes more commonplace in IoT and smart city applications, it is essential
that decision makers are able to trust the simulation systems making decisions
on their behalf. This paper looks at trust from an IoT perspective, describing a
set of research projects conducted that span multiple dimensions of trust, and
discusses whether these concepts of trust apply to simulation.

Monday 1:30p.m.-3:00p.m.
ADVANCED TUTORIALS / AZALEA 2

Hybrid Simulation
Andrea D’ Ambrogio (University of Roma TorVergata)

Tutorial on Means of Hybrid Simulation / Tillal Eldabi (University of Surrey),
David Bell (Brunel University), Antuela Tako (Loughborough University), and
Andreas Tolk (The MITRE Corporation)

The benefits of Hybrid Simulation (HS) are well recorded in academic literature.
It offers deeper insights into the real-life system as it allows modelers to assess
its inherent problems from different dimensions. As a result HS has recently
generated more attention from within the Modeling and Simulation arena. HS
comes in many shapes and forms. For example, by linking two or more simu-
lation models; linking simulation models with facilitative models; or linking
simulation models with analytical models. This paper aims to explore several
concepts related to HS modelling and design.

AGENT-BASED SIMULATION / MAGNOLIA 3

Game Theory and Games in Agent-based SImulation
Maurizio Tomasella (University of Edinburgh)

On the Modeling and Agent-based Simulation of a Cooperative Group Ana-
gram Game /| Zhihao Hu and Xinwei Deng (Virginia Tech); Abhijin Adiga
(University of Virginia); Gizem Korkmaz (University of Virginia, 1964); Chris
J. Kuhlman, Dustin Machi, Madhav V. Marathe, and S. S. Ravi (University of
Virginia); Yihui Ren (Brookhaven National Laboratory); Vanessa Cedeno-Mieles
(Virginia Tech); Saliya Ekanayake (Lawrence Berkeley National Laboratory);
and Brian J. Goode, Naren Ramakrishnan, Parang Saraf, and Nathan Self
(Virginia Tech)

Anagram games (i.e., word construction games in which players use letters to
form words) have been researched for some 60 years. Games with individual
players are the subject of over 20 published investigations. Moreover, there
are many popular commercial anagram games such as Scrabble. Recently,
cooperative team play of anagram games has been studied experimentally. With
all of the experimental work and the popularity of such games, it is somewhat
surprising that very little modeling of anagram games has been done to predict
player behavior/actions in them. We devise a cooperative group anagram game
and develop an agent-based modeling and simulation framework to capture
player interactions of sharing letters and forming words. Our primary goals
are to understand, quantitatively predict, and explain individual and aggregate
group behavior, through simulations, to inform the design of a group anagram
game experimental platform.

A Simulation Analysis of Large Contests with Thresholding Agents /| Wen
Shen, Rohan Achar, and Cristina V. Lopes (University of California, Irvine)

Running contests has been an effective way to solicit efforts from a large pool
of participants. Existing research mostly focuses on small contests that typically
consist of two or several perfectly rational agents. In practice, however, agents are
often founded in complex environments that involve large numbers of players,
and they usually use thresholding policies to make decisions. Despite the fact,
there is a surprising lack of understanding of how contest factors influence their
outcomes. Here, we present the first simulation analysis on how parameters of
the contest success function, the population dynamics, and the agents’ cutoff
policies influence the outcomes of the contests with thresholding agents that are
non-cooperative. Experimental results demonstrate that stakeholders can design
(approximately) optimal contests to satisfy both their interests and the agents’
by choosing a relatively low bias factor. Our work brings new insights into how
to design proper competitions to coordinate thresholding agents.

Final Program Abstracts / Monday 1:30p.m.-3:00p.m.



48

Flash Crashes in Multi-Agent Systems: Using Minority Games and Rein-
forcement Learning to Test AI Safety / Lorenzo Barberis Canonico and Nathan
McNeese (Clemson University)

As Al advances and becomes more complicated, it becomes necessary to study
the safety implications of its behavior. This paper expands upon prior Al-
safety research to create a model to study the harmful outcomes of multi-agent
systems. In this paper, we outline previous work that has highlighted multiple
aspects of Al-safety research and focus on Al-safety systems in multi-agent
systems. After overviewing previous literature, we present a model focused on
flash clashes, a concept often found in economics. The model was constructed
using an interdisciplinary approach that includes game theory, machine learn-
ing, cognitive science and systems theory to study “flash crashes” in complex
human-AlI systems. We use the model to study a complex interaction between
Al-agents, and our results indicate the multi-agent system in question is prone
to cause flash crashes.

AVIATION MODELING AND ANALYSIS / CAMELIA 4

Airport Operations
Miguel Mujica Mota (Amsterdam University of applied Sciences, Amsterdam
University of Applied Sciences)

Classification of Weather Impacts on Airport Operations / Michael Schultz
(TU Dresden), Stefan Reitmann (German Aerospace Center), and Sameer Alam
(Nanyang Technological University)

Classification of weather impacts on airport operations will allow efficient
consideration of local weather events in network-wide analysis. We use machine
learning approaches to correlate weather data from meteorological reports and
airport performance data contains of flight plan data with scheduled and actual
movements as well as delays. In particular, we used unsupervised learning to
cluster performance impacts at the airport and classify the respective weather
data with recurrent and convolutional neural networks. It is shown that a clas-
sification is possible and allows estimates of delay including weather and flight
plan data at an airport. This paper serves to illustrate a possible classification
with machine learning methods and is the basis for further investigations on this
topic. Our machine learning approach allows for an efficient matching decreased
airport performance and the occurrence of local weather events.

A Generic Framework for Modeling Airport Operations at a Macroscopic
Level / Paolo Scala and Miguel Mujica (Amsterdam University of Applied
Sciences) and Daniel Delahaye and Ji Ma (Ecole Nationale de I’ Aviation Civile)

In this paper, a general approach for modelling airport operations is presented.
Airport operations have been extensively studied in the last decades ranging
from airspace, airside and landside operations. Due to the nature of the system,
simulation techniques have emerged as a powerful approach for dealing with
the variability of these operations. However, in most of the studies, the differ-
ent elements are studied in an individual fashion. The aim of this paper, is to
overcome this limitation by presenting a methodological approach where airport
operations are modeled together, such as airspace and airside. The contribution
of this approach is that the resolution level for the different elements is similar
therefore the interface issues between them is minimized. The framework can
be used by practitioners for simulating complex systems like airspace-airspace
ops or multi-airport systems. The framework is illustrated by presenting a case
study that is being studied by the authors.

Airport Passenger Shopping Modeling and Simulation: Targeting Distance
Impacts /Yimeng Chen and Cheng-Lung Wu (University Of New South Wales);
Yi-Shih Chung (National Chiao Tung University); and Pau Long Lau, Nga Yung
Agnes Tang, and Ngai Ki Ma (University Of New South Wales)

The ever-increasing importance of airport retail has encouraged both industry
and academics to look into ways to increase airport retail revenue. Despite the
growing interests in this topic, there is a lack of passenger shopping behavioral
model. This paper aims to fill this gap and enhance our understanding of how
the location of the shop affects passenger decision. This paper first investigates
the possible passenger shopping behavioral model through an exploratory Eye-
tracking exercise. Data was collected to calibrate and validate the behavioral
model through the use of an Agent-based Simulation Model. Shop locations
were shown to have a significant impact on the passenger’s choice and overall
retail revenue. The result shows that our proposed passenger shopping behav-
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ioral model can be suitably applied in our study context. Our model can assist
airport retail planner in testing different scenarios to improve airport retail
revenue cost-effectively.

CASE STUDIES / BALTIMORE 5

Healthcare I
Caleb Whitehead (Simio LLC)

Comparison Between Sequential Evacuation and Simult s Evac

in A Hospital Staircase / Mitsuko Yokouchi and Satsuki Okui (Kobe Women’s
University), Rie Gaku (Momoyama Gakuin University), and Yukinor Murata
and Nobuko Mizuno (Fujita Health University)

Even though operation management of emergency evacuation in the event of a
disaster has become a major challenge for risk managers in healthcare facilities,
it is still difficult for hospitals to develop effective evacuation plans consider-
ing patients’ mobility. In this study, a simulation comparison of simultaneous
evacuation and sequential evacuation with staircase evacuation methods for the
hospital studied was conducted, corresponding to the movement characteristics
of patients who need transportation equipment and caregivers. As a result, it
was clarified that simultaneous evacuation is more appropriate in this hospital
where many patients requiring helpers stay at the upper floors.

Optimize NIH: Applying Computer Simulation to Improve Efficiency and
Effectiveness in Federal Government / Antonio R. Rodriguez and Joseph J.
Wolski (National Institutes of Health)

The National Institutes of Health (NIH), a component of the U.S. Department of
Health and Human Services, launched Optimize NIH to improve organizational
effectiveness and performance in support of the NIH mission. Optimize NIH
focused efforts for achieving efficiencies in business processes of Committee
Management, Ethics, and Freedom of Information Act (FOIA) functions through
enterprise-wide improvements. A computer modeling and simulation approach
was utilized to develop a greater understanding of these business processes and
inform recommendations for improvement. The project team developed process
maps, gathered data, and developed a computer model and simulation that was
used to better understand resources needed to process requests and how to best
deploy those resources organization-wide. The modeling approach developed for
this activity and lessons learned can be utilized to improve delivery of services
in a wide-variety of programs throughout federal government.

Simulation-based Improvement of the Discharge System in Highly Utilized
Hospitals / John J. Case (United States Military Academy, Department of Sys-
tems Engineering) and Kimberly P. Ellis (Virginia Tech, Grado Department of
Industrial and Systems Engineering)

In collaboration with the leadership team at a major metropolitan hospital in the
United States, the research team develops alternatives to improve the hospital’s
discharge system in order to increase the availability of bed space for new pa-
tients. Following a multi-day site visit, we utilized service time data provided
by the hospital to develop a discrete-event simulation (DES) model to evaluate
different discharge improvement strategies, assuming fixed capacity. We found
that a Percent-by-Time discharge strategy improved the hospital’s patient holding
time by a minimum of 24% if implemented in all service areas. This zero-cost
strategy requires no increases to hospital resources and can improve patient flow
and timely access to healthcare in highly utilized hospitals.

JOINT SESSION: CYBERSECURITY & MILITARY APPLICATIONS
/AZALEA 3

Simulation Applications in Cyber Analytics
Alex Kline (U.S. Army Office of the Deputy Chief of Staff G-8)

Solving the Army’s Cyber Workforce Planning Problem using Stochastic
Optimization and Discrete-Event Simulation Modeling / Nathaniel Bastian
(Army Cyber Institute, U.S. Military Academy); Christopher Fisher (Operations
Research Center, U.S. Military Academy); Andrew Hall (Army Cyber Institute,
U.S. Military Academy); and Brian Lunday (Department of Operational Sci-
ences, Air Force Institute of Technology)

The U.S. Army Cyber Proponent (Office Chief of Cyber) within the Army’s
Cyber Center of Excellence is responsible for making many personnel decisions
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impacting officers in the Army Cyber Branch (ACB). Some of the key leader
decisions include how many new cyber officers to hire and/or branch transfer
into the ACB each year, and how many cyber officers to promote to the next
higher rank (grade) each year. We refer to this decision problem as the Army’s
Cyber Workforce Planning Problem. We develop and employ a discrete-event
simulation model to validate the number of accessions, branch transfers, and
promotions (by grade and cyber specialty) prescribed by the optimal solution to
a corresponding stochastic goal program that is formulated to meet the demands
of the current force structure under conditions of uncertainty in officer retention.
In doing so, this research provides effective decision-support to senior cyber
leaders and force management technicians.

Agent-based Simulation of Bot Disinformation Maneuvers in Twitter / David
Beskow and Kathleen M. Carley (Carnegie Mellon University)

Multiple state and non-state actors have recently used social media to conduct
targeted disinformation operations for political effect. Even in the wake of these
attacks, researchers struggle to fully understand these operations and more
importantly measure their effect. The existing research is complicated by the
fact that modeling and measuring a persons beliefs is difficult, and manipulating
these beliefs in experimental settings is not morally permissible. Given these
constraints, our team designed an Agent-based model that is designed to allow
researchers to explore various disinformation forms of maneuver in a virtual
environment. This model mirrors the Twitter Social Media Environment and is
grounded in social influence theory. Having built this model, we demonstrate
its use in exploring two disinformation forms of maneuver: 1) “backing” key
influencers and 2) “bridging” two communities.

AStudy of Lightweight DDDAS Architecture for Real-time Public Safety Ap-
plications through Hybrid Simulation / Erik Blasch (AFOSR) and Ronghua
Xu, Seyed Yahya Nikouei, and Yu Chen (Binghamton University)

Smart Public Safety systems have become feasible by integrating heterogeneous
computing devices to collaboratively provide public safety services. While the
fog/edge computing paradigm promises solutions to address the shortcomings
of cloud computing, like the extra communication delay and network security
issues, it also introduces new challenges. From system architecture aspect, we
adopt the service oriented architecture (SOA) based on monolithic framework
is difficult to provide scalable and extensible services in a large-scale distributed
Internet of Things (IoT)-based SPS system. Furthermore, traditional manage-
ment and security solutions rely on a centralized authority, which can be the
performance bottleneck or single point of failure. Inspired by the microservices
architecture and blockchain technology, a Lightweight IoT based Smart Public
Safety (LISPS) framework is proposed on top of the permissioned blockchain
network. Through decoupling monolithic complex system into independent
sub-tasks, the LISPS system possesses high flexibility in the design process
and online maintenance.

ENVIRONMENT SUSTAINABILITY AND RISK/ CAMELLIA 1

Water, Energy, and Food
John Taylor (Georgia Tech)

Evaluating the Performance of Maintenance Strategies: A Simulation-
based Approach for Wind Turbines / Clemens Gutschi (Graz University of
Technology), Moritz Graefe (Uptime Engineering GmbH), Nikolaus Furian
(Graz University of Technology), Athanasios Kolios (Ocean & Marine Engi-
neering University of Strathclyde), and Siegfried Voessner (Graz University
of Technology)

The performance of multi-component systems is heavily influenced by the indi-
vidual maintenance strategy applied on each subsystem, its costs and the impact
of subsystem fails on the performance of the whole system. For an assessment
of different combinations of maintenance strategies, we present a simulation-
based evaluation approach applied to an offshore wind farm, investigating the
produced energy and levelized costs of electricity. The evaluation is carried
out by breaking wind turbines down into major subsystems, applying different
suitable maintenance strategies to them and monitoring the performance of the
entire wind farm. The investigated configurations include corrective, predictive
and reliability-centered maintenance strategies. Thereby we investigate limits
regarding minimum and maximum performance as well as the impact of a
realistic application of monitoring systems on system performance.
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An Agent-based Model of Surplus Food Rescue Using Crowd-shipping / Anuj
Mittal (Iowa State University) and Nilufer Oran Gibson and Caroline Krejci
(The University of Texas at Arlington)

As climate change approaches a point of irreversibility, it is becoming increas-
ingly important to find ways of preventing food waste from reaching landfills
and emitting greenhouse gases. Food rescue programs offer a means of simul-
taneously diverting surplus food from landfills and addressing food insecurity.
Recently, some food rescue organizations in the U.S. have begun leveraging
crowd-shipping to more efficiently transport surplus food from donors to
food-insecure recipients. However, the success of such initiatives relies on
achieving a critical mass of donor and crowd-shipper participation. This paper
describes a conceptual agent-based model that was developed to evaluate the
design parameters of a volunteer-based crowd-shipping system for food rescue.
Preliminary experimental results demonstrate the importance of generating suf-
ficient awareness and commitment among potential volunteers in the early stages
of the program’s development to ensure consistent participation and service.

Avoiding “Day-zero”: A Testbed for Evaluating Integrated Food-energy-water
Management in Cape Town, South Africa / Ke Ding and Jonathan M. Gilligan
(Vanderbilt University) and George M. Hornberger (Vanderbilt University,
Vanderbilt Institute for Energy and Environment)

Deep connections between water resources and food and energy production-
--the food-energy-water (FEW) nexus---complicate the challenge of sustainably
managing an uncertain water supply. We present an agent-based model as a
computational testbed for studying different approaches to managing the FEW
nexus and apply the model to the 2017--2018 water crisis in Cape Town South
Africa. We treat the FEW nexus connecting municipal water use by Cape Town
residents, agricultural water use by vineyards, and hydroelectric generation. We
compare two scenarios for responding to drought: business-as-usual (BAU),
and holistic adaptive management (HAM), where BAU takes no action until the
monthly supply is insufficient to meet demand, whereas HAM takes action by
raising water tariffs when the reservoir storage level drops below its pre-drought
monthly average. Simulation results suggest that holistic adaptive management
can alleviate the impact of drought on agricultural production, hydropower
generation, and the availability of water for residential consumption.

FINANCIAL RISK MANAGEMENT / ANNAPOLIS 3

Simulation of Stochastic Financial Models
Xiaowei Zhang (University of Hong Kong)

Limiting Distributional Fixed Points in Systemic Risk Graph Models / Anand
Deo and Sandeep Juneja (Tata Institute of Fundamental Research)

We analyse the equilibrium behaviour of a large network of banks in presence
of incomplete information, where inter-bank borrowing and lending is allowed,
and banks suffer shocks to assets. In a two time period graphical model, we show
that the equilibrium wealth distribution is the unique fixed point of a complex,
high dimensional distribution-valued map. Fortunately, there is a dimension
collapse in the limit as the network size increases, where the equilibriated sys-
tem converges to the unique fixed point involving a simple, one dimensional
distribution-valued operator, which, we show, is amenable to simulation. Spe-
cifically, we develop a Monte-Carlo algorithm that computes the fixed point
of a general distribution-valued map and derive sample complexity guarantees
for it. We numerically show that this limiting one-dimensional regime can be
used to obtain useful structural insights and approximations for networks with
as low as a few hundred banks.

Unbiased Simulation Estimators for Jump-Diffusions / Guanting Chen (Stan-
ford University); Alexander Shkolnik (University of California, Santa Barbara);
and Kay Giesecke (Stanford University)

We develop and analyze an unbiased Monte Carlo estimator for a functional of a
one-dimensional jump-diffusion process with a state-dependent drift, volatility,
jump intensity and jump size. The approach combines a change of measure to
sample the jumps with the parametrix method to simulate the diffusions. Under
regularity conditions on the coefficient functions as well as the functional, we
prove the unbiasedness and the finite variance property of the estimator. Numeri-
cal experiments illustrate the performance of the scheme.
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On the Almost Sure Convergence Rate for a Series Expansion of Fractional
Brownian Motion / Yi Chen (Northwestern University) and Jing Dong (Co-
lumbia Unversity)

Fractional Brownian motions (fBM) and related processes are widely used in
financial modeling to capture the complicated dependence structure of the volatil-
ity. In this paper, we analyze an infinite series representation of fBM proposed in
(Dzhaparidze and Van Zanten 2004) and establish an almost sure convergence
rate of the series representation. The rate is also shown to be optimal. We then
demonstrate how the strong convergence rate result can be applied to construct
simulation algorithms with path-by-path error guarantees.

HEALTHCARE / MAGNOLIA 1

Modeling Health Trajectories Using Simulation
Julie Ivy (North Carolina State University)

A Simulation Model to Evaluate the Implications of Genetic Testing in
Cholesterol Treatment Plans /| Wesley J Marrero, Mariel Lavieri, and Jeremy
Sussman (University of Michigan)

Atherosclerotic cardiovascular disease (ASCVD) is among the leading causes
of death in the US. While it is known that ASCVD has familial and genetic
components, understanding the role of genetic testing in the prevention and
treatment of the cardiovascular disease has been limited. To this end, we de-
velop a simulation framework to estimate the risk for ASCVD events due to
clinical and genetic factors. One controllable risk factor for ASCVD events is
the cholesterol level of patients. Cholesterol treatment plans are modeled using
Markov decision processes. By simulating the health trajectory of patients, we
determine the impact of genetic testing in optimal cholesterol treatment plans. As
precision medicine and genetic testing become increasingly important, having
such a simulation framework becomes essential.

Sequential, Value-based Designs for Certain Clinical Trials with Multiple
Arms having Correlated Rewards / Stephen E. Chick (INSEAD - Europe
Campus) and Noah Gans and Ozge Yapar (University of Pennsylvania)

The time and money required to run clinical trials, as well as the cost effective-
ness of technologies emerging from these trials are receiving increasing scrutiny.
This paper explores the use of techniques inspired from fully sequential simula-
tion optimization, based on Bayesian expected value of sampling information
arguments, in the context of highly-sequential multi-arm trials. New allocation
rules are shown to be useful for selecting which technology to assign a patient
in a trial. They are based on clinical cost-benefit tradeoffs and the size of the
population who benefits from the technology adoption decision.

The Effect of the Distribution of the Inverse Growth Rate on Pancreatic
Cancer Progression / Lena Abu-El-Haija (German Jordanian University), Julie
Ivy and Osman Ozaltin (North Carolina State University), and Walter Park
(Stanford University Medical Center)

Pancreatic cancer is a low-incidence disease, where tumor progression studies
using patient longitudinal data had limited sample sizes. Estimating the tumor
inverse growth rate and its distribution are a challenge. Using a tumor progres-
sion model that incorporates the distribution of the inverse growth rate as the
underlying assumption of the model, pancreatic cancer progression models
were built assuming two distributions for the inverse growth rate: Uniform and
Gamma. This study uses simulation to evaluate the effect of the tumor inverse
growth rate distribution on the tumor progression models by examining tumor
timelines. It was found that the tumor timeline is about nine months longer under
the assumption that the inverse growth rate follows Gamma distribution. It was
inconclusive whether tumor progression is faster or slower in older patients as
the tumor progression models with the different underlying assumptions on the
inverse growth rate yielded opposite results.

HYBRID SIMULATION / CAMELLIA 3

Hybrid Simulation Frameworks
Derek Groen (Brunel University London)

Strategic Planning: The Role of Hybrid Modelling / Martin Kunc (Southampton
Business School)
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Strategic planning using simulation is an increasing field of practice mostly
driven by the big consulting firms. While System Dynamics is a widely used
simulation method in strategic planning given its advantage on global aggregates
and deterministic model, hybrid modelling can achieve similar popularity. This
paper presents some suggestions on how to use hybrid modelling in strategic
planning.

The Intersection of Agent-based Models and Fuzzy Cognitive Maps: A Review
of an Emerging Hybrid Modeling Practice / Christopher Davis (Portland
State University), Philippe Giabbanelli (Miami University), and Antonie Jetter
(Portland State University)

Agent-based Modeling (ABMs) and Fuzzy Cognitive Mapping (FCM) are
complementary modeling techniques: the former represents interacting agents
across a landscape over time but does not specify how to encapsulate subjec-
tive behaviors in agents, whereas the latter can model a subjective behavior but
lacks the ability to scale it to a population or do it over time. These techniques
are increasingly used together, particularly as hybrid models. We propose the
first review of this emerging practice. We identified 31 articles, out of which
combined the two techniques. Our analysis revealed three different high-level
architectures to structure the co-existence of ABMs and FCMs, such as using
an interface or embedding an FCM into each agent. Our review provides a
snapshot of an emerging field, thus assembling the evidence-base to identify
potential areas for future work, such as consolidating and standardizing software
development efforts in a currently fragmented field.

Engaging Stakeholders to Extend the Lifecycle of Hybrid Simulation Models
/ William Jones (Kent Business School, Eurostar International Limited) and
Kathy Kotiadis and Jesse O’Hanley (Kent Business School)

Developing a simulation model of a complex system requires a significant
investment of time, expertise and expense. In order to realize the greatest return
on such an investment, it is desirable to extend the lifecycle of the simulation
model as much as possible. Existing studies typically end after the *first loop’
of the lifecycle, with the computer model suitable for addressing the initial
requirements of the stakeholders. We explore extending the modeling lifecycle
to a “second loop’ by introducing an existing hybrid simulation model to a new
group of stakeholders and further developing it to capture new requirements.
With the aid of an example application, we explain how the hybrid model fa-
cilitated stakeholder engagement by closely reflecting the real world and how
the model lifecycle has been successfully extended to maximize the benefit to
Eurostar International Limited.

INTRODUCTORY TUTORIALS / AZALEA 1

(Python(P))DEVS
Bernard Zeigler (University of Arizona, RTSync Corp.)

An Introduction to Modeling and Simulation with (Python(P))DEVS / Yentl
Van Tendeloo (University of Antwerp); Hans Vangheluwe (University of An-
twerp, McGill University); and Romain Franceschini (University of Corsica
Pasquale Paoli, University of Antwerp)

Discrete Event System Specification (DEVS) is a popular formalism for
modeling complex dynamic systems using a discrete-event abstraction. At
this abstraction level, a timed sequence of pertinent “events” input to a system
(or internal timeouts) cause instantaneous changes to the state of the system.
Main advantages of DEVS are its rigorous formal definition, and its support
for modular composition. This tutorial introduces the Classic DEVS formalism
in a bottom-up fashion, using a simple traffic light example. The syntax and
operational semantics of Atomic (i.e., non-hierarchical) models are introduced
first. Coupled (i.e., hierarchical) models are introduced to structure and couple
Atomic models. We continue to actual applications of DEVS, for example in
performance analysis of queueing systems. All examples are presented with the
tool PythonPDEVS, though this introduction is equally applicable to others. We
conclude with further reading on DEVS theory, DEVS variants, and DEVS tools.

LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 2

Electric Vehicles in Transportation Networks Simulation
Ralf Elbert (TU Darmstadt)
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Modeling Home Grocery Delivery Using Electric Vehicles: Preliminary
Results of an Agent-based Simulation Study / Dhanan Sarwo Utomo, Adam
Gripton, and Philip Greening (Heriot-Watt University)

This paper presents preliminary results of an agent-based simulation study
aimed at establishing whether a fleet of electric vans with different charging
options can match the performance of a diesel fleet. We describe a base model
imitating the operations of a real-world retailer using agents. We then introduce
electric vehicles and charging hubs into our model. We evaluate how the use
of electric vehicles, charging power and charging hubs influence the retailer’s
operations. Our simulation experiment suggests that, though they are useful,
technological interventions alone are not sufficient to match the performance
of a diesel fleet. Hence, reorganization of the urban delivery system is required
in order to reduce carbon emissions significantly.

Electric Vehicle Routing Problem with Time Windows and Stochastic Wait-
ing Times at Recharging Stations / Merve Keskin (University of Warwick,
Sabanci University) and Raha Akhavan-Tabatabaei and Biilent Catay (Sabanci
University)

The Electric Vehicle Routing Problem with Time Windows and Stochastic Wait-
ing Times at Recharging Stations is an extension of the Electric Vehicle Routing
Problem with Time Windows where the vehicles may wait in the queue before
recharging their battery due to a limited number of available chargers. Long
waiting times at the stations may cause delays for both the customers and the
depot. In this study, we model the waiting times using M/M/1 queueing system
equations. We solve small instances by CPLEX assuming expected waiting times
at the stations and calculate the reliability of these solutions by simulating the
waiting times. We observe that, while chargers become busier, the reliability
of the solutions obtained with average times decreases.

A Reliable Deployment Strategy for Public Electric Vehicle Charging Stations:
A Discrete-event Simulation Model for Power Grid and Traffic Networks /
Yasmina Maizi (UQAM), Emily Zhu (Texas State University), Ting Wu (Nanjing
University), and Jianhao Zhou (Nanjing Foreign Language School)

Today, with the help of low-cost and clean electricity, electric vehicles (EVs)
show great potential for future urban transportation with little greenhouse gas
emissions and air pollution. However, the use of EVs is still in its infancy with
limited numbers of users worldwide. Public charging infrastructures can be
one of the drivers to enhance the prevalence of EVs. In this paper, we aim to
develop a framework to establish a reliable urban public charging infrastructure.
We first determine the optimal locations and size of those stations by a robust
optimization model incorporating uncertain traffic flows and existing power grid
networks; and then we use a discrete-event simulation approach to model more
realistic charging demands. We further improve these optimal solutions and
verify the EV charging infrastructure considering both power and transportation
networks. We validate our models with real traffic and power grid data from a
Southeast Chinese municipality.

LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 1

Logistics and Supply Chain Optimization
Angel A. Juan (IN3-Open University of Catalonia (UOC))

Optimizing Complex Interaction Dynamics in Critical Infrastructure with a
Stochastic Kinetic Model / Fan Yang, Alina Vereshchaka, and Wen Dong (State
University of New York at Buffalo)

Emerging data that track the dynamics of large populations bring new potential
for understanding human decision-making in a complex world and supporting
better decision-making through the integration of continued partial observations
about dynamics. However, existing models have difficulty with capturing the
complex, diverse, evolving, and partially unknown dynamics in social networks,
and with inferring system states from isolated observations about a tiny fraction
of the individuals in the system. To solve real-world problems with a huge num-
ber of agents and system states and complicated agent interactions, we propose
a stochastic kinetic model that captures complex decision-making and system
dynamics using atomic events that are individually simple but together exhibit
complex behaviors. As an example, we show how this model offers significantly
better results for city-scale multi-objective driver route planning in significantly
less time than models based on deep neural networks or co-evolution.
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Simulation-based Optimization Tool for Field Service Planning / Gabriel G.
Castaii¢, Helmut Simonis, and Kenneth N. Brown (University College Cork);
Yiqing Lin (United Technologies Research Center); Cemalettin Ozturk and
Michele Garraffa (United Technologies Research Center, Ireland); and Mark
Antunes (United Technologies Corporation)

Many companies that deliver units to customer premises need to provide peri-
odical maintenance and services on request by their field service technicians.
A common challenge is to evaluate different design choices, related to staffing
decisions, technician scheduling strategies, and technological improvements
in order to make the system more efficient. This work provides a simulation-
based optimization tool to support decision makers in tackling this challenging
problem. The proposed framework relies on an optimization engine for the
generation of the daily plans. A simulation component is used to evaluate the
applicability of such plans by taking into account the stochastic factors. Further-
more, an interface manages the communication between these two components
and allows a feedback loop between the simulator and the optimizer to achieve
more robust plans. The applicability of the framework is demonstrated through
a business case to evaluate different staffing decisions.

Evaluating Mixed Integer Programming Models for Solving Stochastic
Inventory Problems / Bas Bluemink (Eindhoven University of Technology);
Ton de Kok (Eindhoven University of Technology); and Balan Srinivasan and
Reha Uzsoy (North Carolina State University)

We formulate mixed integer programming (MIP) models to obtain approximate
solutions to finite horizon stochastic inventory models. These deterministic
formulations of necessity make a number of simplifying assumptions, but
their special structure permits very short model solution times under a range of
experimental conditions. We evaluate the performance of these models using
simulation optimization to estimate the true optimal solutions. Computational
experiments identify several demand and cost scenarios in which the MIP
models yield near-optimal solutions, and other cases where they fail, suggesting
directions for future research.

MASM: SEMICONDUCTOR MANUFACTURING / BALTIMORE 3

Fab Scheduling
Andy Ham (Liberty University)

Simulation Based Multi-objective Fab Scheduling by Using Reinforcement
Learning / Won Jun Lee and Byung Hee Kim (VMS Solutions Co.,Ltd); Key
Hoon Ko (VMS Global, Inc.); and Ha Yong Shin (Korea Advanced Institute of
Science and Technology(KAIST))

Semiconductor manufacturing fab is one of the most sophisticated man-made
system, consisting of hundreds of very expensive equipment connected by highly
automated material handling system. Operation schedule has huge impact on the
productivity of the fab. Obtaining efficient schedule for numerous equipment is
a very complex problem, which cannot be solved by conventional optimization
techniques. Hence, heuristic dispatching rules combined with fab simulation is
often used for generating fab operation schedule. In this paper, we formulate
the fab scheduling problem as a semi-Markov decision process and propose
a reinforcement learning method used in conjunction with the fab simulator
to obtain the (near-)optimal dispatching policy. Resulting schedule obtained
by the proposed method shows better performance than heuristic rules whose
parameters are tuned by human experts.

Transfer-robot Task Scheduling in a Semiconductor Manufacturing / Andy
Ham (Liberty University)

This paper studies a simultaneous scheduling of production and material transfer
in a semiconductor manufacturing. The simultaneous scheduling approach has
been recently adopted by warehouse operations, wherein transbots pick up
jobs and deliver to pick-machines for processing that requires a simultaneous
scheduling of jobs, transbots, and machines. However, both a large proportion
of literature and real-world scheduling systems in semiconductor manufacturing
consider only one side of the problem. We propose the most efficient solution for
job shop scheduling problem (JSP) with transbots, significantly outperforming
all other benchmark approaches in the literature.

Final Program Abstracts / Monday 1:30p.m.-3:00p.m.



56

Work-In-Process Balancing Control in Global Fab Scheduling for Semicon-
ductor Manufacturing / Félicien Barhebwa-Mushamuka, Stéphane Dauzére-
Péres, and Claude Yugma (Mines Saint-Etienne)

This paper addresses the problem of controlling theWork-In-Process (WIP) in
semiconductor manufacturing by using a global scheduling approach. Global
fab scheduling steers scheduling decisions at work-center level by providing
objective in terms of production targets, i.e. product quantities to complete
for each operation and at each period on a scheduling horizon. A WIP balanc-
ing strategy is proposed to minimize the product mix variability in terms of
throughput and cycle time. This strategy is enforced using a global scheduling
optimization model which is formulated as a linear programming model. The
global scheduling model is coupled with a generic multi-method simulation
model for evaluation purpose. Computational results on industrial data show that
the WIP balancing strategy provides a better control of the WIP in the system and
helps to minimize product mix variability while maintaining high throughput.

PROJECT MANAGEMENT, CONSTRUCTION / CAMELLIA 2

Simulation for Civil Infrastructure Management
Jing Du (University of Florida)

Enhanced Input Modeling for Construction Simulation Using Bayesian
Deep Neural Networks / Yitong Li and Wenying Ji (George Mason University)

This paper aims to propose a novel deep learning-integrated framework for
deriving reliable simulation input models through incorporating multi-source
information. The framework sources and extracts multi- source data generated
from construction operations, which provides rich information for input model-
ing. The framework implements Bayesian deep neural networks to facilitate the
purpose of incorporating richer information in input modeling. A case study on
road paving operation is performed to test the feasibility and applicability of the
proposed framework. Overall, this research enhances input modeling by deriving
detailed input models, thereby, augmenting the decision-making processes in
construction operations. This research also sheds lights on prompting data-driven
simulation through incorporating machine learning techniques.

Temperature-Induced Error Analysis in Long-Term Continuous Monitoring
of Displacement with Videogrammetry / Huafei Zhou (Wenzhou University)
and Linjun Lu and Fei Dai (West Virginia University)

Videogrammetry has demonstrated great potential in structural health monitoring
(SHM), and there has been sustained interest towards applying this non-contact
technique in SHM. This paper focuses on the effect of temperature variation
on the measurement accuracy of videogrammetry to examine its feasibility in
deformation/displacement monitoring. A long-term indoor videogrammetric
measurement test was conducted, and the performance of the videogrammetric
displacement monitoring technique under ambient temperature was examined.
The result showed that temperature variation does cause non-negligible errors
which contain not only daily fluctuation pattern but also overall trend. In terms
of daily fluctuation pattern, the horizontal measurement error and indoor air
temperature are in satisfactory consistency, while the vertical measurement
error are not. In terms of overall trend, the vertical measurement error is highly
correlated with indoor air temperature, having a positive linear relationship
between them. However, the horizontal one has a complicated pattern when
temperature varies.

Data-Driven Spatiotemporal Simulation of Ground Movements of Aircrafi for
Preventive Airport Safety / Pingbo Tang, Yanyu Wang, Zhe Sun, and Yongming
Liu (Arizona State University)

Comprehending how ground incidents and accidents arise and propagate during
air traffic control is vital to both the efficiency and safety of air transportation
systems. Historical data about airport operational events capture some processes
about how improper collaboration among air traffic controllers and pilots result
in incidents, accidents, and delays, but could hardly cover all possible air traf-
fic control failures in various environmental conditions. The computational
simulation could use historical data to identify repetitive aircraft movement
behaviors and air traffic control processes shared in multiple air traffic control
sessions and create stochastic models that represent the probabilities of the
occurrence of certain aircrafts movements and control events under various
contexts. This paper synthesizes four scenarios of aircraft operations around
ramp areas during air traffic peak time for supporting the development of a
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quantitative spatiotemporal simulation that can help predict air traffic control
risks based on historical data.

SCIENTIFIC APPLICATIONS / MAGNOLIA 2

Simulation in Control, Energy, and Software
Sergio Nesmachnow (Universidad de la Republica)

Mitigating Customers’ Downsell Risk for Single-leg Revenue Management
with Demand Dependencies / Lin Li (Kennesaw State University) and Yuan
Zhou (University of Texas at Arlington)

With increased complexity of customers’ choice behaviors, practical optimiza-
tion approaches often involve decomposing a network revenue management
problem into multiple single-leg problems. While dynamic programming ap-
proaches can be used to solve single-leg problems exactly, they are not scalable
and require precise information about the customers’ arrival rates. On the other
hand, the traditional heuristics are often static which do not explicitly consider
the remaining time horizon into the optimization. This motivates us to find
scalable and dynamic heuristics that work well with the complex customers’
choice models. We develop two expected marginal seat revenue type heuristics
for the single-leg dynamic revenue management problems in airline industry and
evaluate their performances using Monte Carlo simulation. The initial simulation
results indicate that our proposed heuristics are computationally efficient and
fairly robust. This study provides a foundation for potential future extensions
to solve larger network problems.

Using Simulation to Quantify the Reliability of Control Software | Best
Contributed Applied Paper - Finalist / James J. Nutaro and Ozgur Ozmen (Oak
Ridge National Laboratory)

More than two decades ago, Butler and Finelli examined the problem of
experimentally demonstrating the reliability of safety critical software and
concluded that it was impractical. We revisit this conclusion in the light of re-
cent advances in computer system virtualization technology and the capability
to link virtualization tools to simulation models of physical environments. A
specific demonstration of testing for reliability is offered using software that is
part of a building control system. Extrapolating the results of this demonstration,
we conclude that experimental demonstrations of high reliability may now be
feasible for some applications.

Using GPUs for Determining the Energy Configuration of Superconducting
Vortex Lattices with Stochastic Methods / Noelia Molero-Puerto (URJC) and
Rafael Mayo-Garcia (CIEMAT)

By fabricating Nb films on top of array of Ni nanodots with different geometries,
the vortex lattice for specific values of the external applied magnetic field is
modified by the array of periodic pinning potentials. In this work, a GPU-based
code developed from scratch simulating this phenomenon is presented. It evalu-
ates the vortex—vortex and the vortex—nanodot interactions providing the total
interaction between vortices and pinning sites, as well as the position of the
vortices in the array unit cell. This final position is obtained with two stochastic
processes (simulated annealing, Basin Hopping) being able to simulate square,
rectangular, or triangular arrays of nanodefects of different size. A computational
performance study is also made.

SIMULATION EDUCATION / ANNAPOLIS 4

Panel: Teaching Simulation in Academia and Industry
Krzysztof Rechowicz (VMASC)

An Education of Simulation Discussion / Andrew J. Collins (Old Dominion
University, 2101 Engineering Systems Building); James Leathrum (Old Do-
minion University); David Sturrock (Simio LLC); and Ying Thaviphoke (Old
Dominion University, 2101 Engineering Systems Building)

This paper takes three different viewpoints on the problems faced in the develop-
ment of Modeling and Simulation (M&S) educational material. Two educational
environments — academic and commercial — are discussed. The paper starts
with a discussion on the establishment of the undergraduate M&S engineering
program at Old Dominion University. The paper then explores the education in
a commercial environment, discussing the challenges and possible connections
between the two environments. The associated issues which have arisen in the
M&S community, especially the accessibility problem, are discussed through
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the outcomes of a workshop. There is a strong relationship between M&S
education and the ease of determining M&S usefulness (i.e., the evidence of
success in M&S applications). This paper advocates for detailed case studies
to be developed and used within the M&S classrooms. The more case studies
(both successful and non-successful), the better the chance to understand dif-
ferent types of complex problems.

SIMULATION OPTIMIZATION / ANNAPOLIS 1

Selecting the Best Alternative
Ek Peng Chew (National University of Singapore)

ASpectral Index for Selecting the Best Alternative / Best Contributed Theoreti-
cal Paper - Finalist / Guowei Sun (University of Maryland, College Park) and
Yunchuan Li and Michael Fu (University of Maryland)

This paper considers the problem of choosing the best design alternative under
a small simulation budget where making inferences about all alternatives from a
single observation could enhance the probability of correct selection. We propose
anew selection rule exploiting the relative similarity information between pairs
of alternatives and show its improvement on selection performance, evaluated
by the probability of correct selection, compared to selection based on collected
sample averages. We illustrate the effectiveness by applying our selection index
on simulated ranking and selection problems using two well-known budget
allocation policies.

Utility-based Statistical Selection Procedures / Guowei Sun, Yunchuan Li, and
Michael Fu (University of Maryland)

We present two sequential allocation frameworks for selecting from a set of
competing alternatives when the decision maker cares about more than just
the simple expected rewards. The frameworks are built on general parametric
reward distributions and assume the objective of selection, which we refer to
as utility, can be expressed as a function of the governing reward distributional
parameters. The first algorithm, which we call utility-based OCBA (UOCBA),
uses the delta-technique to find the asymptotic distribution of a utility estimator
to establish the asymptotically optimal allocation by solving the corresponding
constrained optimization problem. The second, which we refer to as utility-based
value of information (UVol) approach, is a variation of the Bayesian value of
information (Vol) techniques for efficient learning of the utility. We establish the
asymptotic optimality of both allocation policies and illustrate the performance
of the two algorithms through numerical experiments.

Using Simulation to Approximate the Minimum Cost of a Finite Set Of Alter-
natives / Cuicui Zheng and James Calvin (New Jersey Institute of Technology)

We consider the problem of approximating the minimum cost of a finite set of
alternative systems. We can not directly observe the cost of the systems, but we
can estimate the cost using simulation. The simulation run lengths are adaptively
chosen for each system. We describe an optimization algorithm and establish a
bound on the error convergence rate. Compared with a single system, the error
grows by an additional factor of the square root of the logarithm of the number
of systems and the simulation budget.

UNCERTAINTY QUANTIFICATION AND ROBUST SIMULATION /
ANNAPOLIS 2

Robustness and Input Uncertainty in Optimization
Wei Xie (Northeastern University)

Fixed Confidence Ranking and Selection under Input Uncertainty /| Di Wu
(Georgia Tech) and Enlu Zhou (Georgia Institute of Technology)

In stochastic simulation, input uncertainty (IU) is caused by the error in estimat-
ing input distributions using finite real-world data. When it comes to simulation-
based Ranking and Selection (R&S), ignoring IU can lead to the failure of many
existing procedures. In this paper, we study a new version of the fixed confidence
R&S problem, where sequential input data can be acquired to reduce IU over
time. To solve the problem, we first propose a moving average estimator for
online estimation with sequential data. Then, a new procedure is designed by
extending a Sequential Elimination framework. As is shown numerically, our
procedure can effectively achieve the desired probability of correct selection,
but there is plenty of room for improving its efficiency.
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A Distributionally Robust Boosting Algorithm / Jose Blanchet (Stanford Uni-
versity, Mr); Yang Kang (Columbia University); Fan Zhang (Stanford); and
Zhangyi Hu (University of Michigan)

Distributionally Robust Optimization (DRO) is a flexible framework for deci-
sion making under uncertainty and statistical estimation. For example, recent
works in DRO have shown that popular statistical estimators can be interpreted
as the solutions of suitable formulated data-driven DRO problems. In turn, this
connection is used to optimally select tuning parameters in terms of a principled
approach informed by robustness considerations. This paper contributes to this
growing literature, connecting DRO and statistics, by showing how boosting
algorithms can be studied via DRO. We propose a boosting type algorithm,
named DRO-Boosting, as a procedure to solve our DRO formulation. Our
DRO-Boosting algorithm recovers Adaptive Boosting (AdaBoost) in particular,
thus showing that AdaBoost is effectively solving a DRO problem. We apply
our algorithm to a financial dataset on credit card default payment prediction.
We find that our approach compares favorably to alternative boosting methods
which are widely used in practice.

Data-driven Optimal Transport Cost Selection for Distributionally Robust
Optimization / Best Contributed Theoretical Paper - Finalist / Jose Blanchet
(Stanford University), Yang Kang (Columbia University), Karthyek Murthy
(Singapore University of Technology & Design), and Fan Zhang (Stanford
University)

Some recent works showed that several machine learning algorithms, such as
square-root Lasso, Support Vector Machines, and regularized logistic regres-
sion, among many others, can be represented exactly as distributionally robust
optimization (DRO) problems. The distributional uncertainty set is defined as
aneighborhood centered at the empirical distribution, and the neighborhood is
measured by optimal transport distance. In this paper, we propose a methodology
which learns such neighborhood in a natural data-driven way. We show rigor-
ously that our framework encompasses adaptive regularization as a particular
case. Moreover, we demonstrate empirically that our proposed methodology
is able to improve upon a wide range of popular machine learning estimators.

VENDOR / BALTIMORE 4
Risk Analysis

The Next Generation of Risk Analysis in Excel-And Beyond |/ Daniel H.
Fylstra (Frontline Systems, Inc.)

In the last few years, most software has moved “to the cloud” — yet most Excel
add-ins for risk analysis and Monte Carlo simulation, as well as conventional
and stochastic optimization, are limited to desktop Excel for Windows. An
exception is Analytic Solver® Simulation, which has been fully re-engineered
as a JavaScript-based “Office add-in” that works in Excel for the Web, Excel for
Windows and Excel for Macintosh. Further, Analytic Solver Simulation enables
Excel-based risk analysis models to be “translated” into live models that run
in cloud-based business intelligence tools like Tableau and Power BI, or into a
form usable in a custom web or mobile application, executing simulations and
optimizations in the cloud via Frontline’s RASON® Analytics API. This Vendor
Tutorial session at WSC 2019 will demonstrate the range of capabilities available
to users of Analytic Solver and RASON software.

Doing for Uncertainty what Arabic Numerals did for Numbers / Sam L. Sav-
age (ProbabilityManagement.org)

Uncertainties are typically expressed in terms of probability distributions
represented as cumulative or density functions. In general, it is impossible to
perform arithmetic with such representations. Suppose soybean yield is normally
distributed with a mean and standard deviation of 200 and 30 bushels/acre,
respectively. And suppose the price per bushel is lognormal with a median and
90th percentile of $9 and $12 respectively. What is the resulting distribution
of revenue? The Open SIPmath Standard(TM) represents such uncertainties as
vectors of simulated or historical realizations and metadata called Stochastic
Information Packets (SIPs). SIPs have similar group properties to numbers, so
the SIP of revenue is merely the SIP of yield multiplied element by element
times the SIP of price. SIPs are platform agnostic, and are at home in R and
Python. But the Data Table function in Excel can also perform calculations on
SIPs using the same keystrokes used for numbers.
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ADVANCED TUTORIALS / AZALEA 2

The Cadmium Tool for Building DEVS Models
Andreas Tolk (The MITRE Corporation)

Building DEVS Models with the Cadmium Tool / Laouen Belloli (University
of Buenos Aires) and Damian Vicino, Cristina Ruiz-Martin, and Gabriel Wainer
(Carleton University)

Discrete Event System Specification (DEVS) is a mathematical formalism to
model and simulate discrete-event dynamic systems. The advantages of DEVS
include a rigorous formal definition of models and a well-defined mechanism
for modular composition. In this tutorial, we introduce Cadmium, anew DEVS
simulator. Cadmium is a C++17 header only DEVS simulator easy to in-clude
and to integrate into different projects. We discuss the tool’s Application Pro-
gramming Inter-face, the simulation algorithms used and its implementation.
We present a case study as an example to explain how to implement DEVS
models in Cadmium.

AGENT-BASED SIMULATION / MAGNOLIA 3

Modeling Individual Movement in Agent-based Simulation
Martijn Mes (University of Twente)

On Calibrating a Microsimulation of Patient Movement Through A Health-
care Network | Kasey Jones, Breda Munoz, James Rineer, Georgiy Bobashev,
Rainer Hilscher, and Sarah Rhea (RTI International)

Hospital admission and discharge dynamics facilitate pathogen transmission
among individuals in communities, hospitals, nursing homes, and other health-
care facilities. We developed a microsimulation to simulate this movement, as
patients are at increased risk for healthcare-associated infections, antibiotic
exposure, and other health complications while admitted to healthcare facili-
ties. Patients can also serve as a source of infection throughout the healthcare
network as they move locations. This microsimulation is a base model that can
be enhanced with various disease-specific agent-based health modules. We
calibrated the model to simulate patient movement in North Carolina, where
over 1 million hospital admissions occur annually. Each patient originated
from a unique starting location and eventually transferred to another healthcare
facility or returned home. Here, we describe our calibration efforts to ensure an
accurate patient flow and discuss the necessary steps to replicate this model for
other healthcare networks.

Disease Spread Simulation to Assess the Risk of Epidemics During the Global
Mass Gathering of Hajj Pilgrimage / Sultanah Alshammari (King Abdulaziz
University, University of North Texas) and Harsha Gwalani, Joseph E. Helsing,
and Armin R. Mikler (University of North Texas)

Global mass gatherings can pose a risk for communicable disease outbreaks. In
these events, millions of people gather at a specific location over a specific period
of time from different regions of the world. Such settings have the potential
to import and/or export infectious diseases to and from the host countries by
international participants. Planning and preparing for public health risks at global
mass gatherings is a challenging and complex process. Advanced risk assess-
ment tools are important to identify potential disease outbreaks. In this study,
we propose a computational epidemic simulation framework to simulate disease
transmission from the arrival, to the departure of international participants in
the global event of Hajj. Computational simulations of disease spread in global
mass gatherings provide public health authorities with powerful tools to assess
the implications of these events and to evaluate the efficacy of prevention and
control strategies to reduce their potential impacts.

Who Goes There? Using an Agent-based Simulation for Tracking Population

Movement / Best Contributed Applied Paper - Finalist/ Jordan Lueck and Jason
H. Rife (Tufts University); Samarth Swarup (University of Virginia); and Nasim
Uddin (University of Alabama, Birmingham)

We present a method to apply simulations to the tracking of a live event such as
an evacuation. We assume only a limited amount of information is available as
the event is ongoing, through population-counting sensors such as surveillance
cameras. In this context, agent-based models provide a useful ability to simulate
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individual behaviors and relationships among members of a population; however,
agent-based models also introduce a significant data-association challenge when
used with population-counting sensors that do not specifically identify agents.
The main contribution of this paper is to develop an efficient method for manag-
ing the combinatorial complexity of data association. The key to our approach
is to map from the state-space to an alternative correspondence-vector domain,
where the measurement update can be implemented efficiently. We present a
simulation study involving an evacuation over a road network and show that
our method allows close tracking of the population over time.

ANALYSIS METHODOLOGY / ANNAPOLIS 2

Input Uncertainty and Output Analysis
Dashi I. Singham (Naval Postgraduate School)

Random Perturbation and Bagging to Quantify Input Uncertainty / Henry
Lam and Huajie Qian (Columbia University)

We consider the problem of estimating the output variance in simulation analy-
sis that is contributed from the statistical errors in fitting the input models, the
latter often known as the input uncertainty. This variance contribution can be
written in terms of the sensitivity estimate of the output and the variance of the
input distributions or parameters, via the delta method. We study the direct use
of this representation in obtaining efficient estimators for the input-contributed
variance, by using finite-difference and random perturbation to approximate
the gradient, focusing especially in the nonparametric case. In particular, we
analyze a particular type of random perturbation motivated from resampling that
connects to an infinitesimal jackknife estimator used in bagging. We illustrate
the optimal simulation allocation and the simulation effort complexity of this
scheme, and show some supporting numerical results.

The Asymptotic Validity of Sequential Stopping Rules for Confidence Interval
Construction Using Standardized Time Series / Jing Dong (Columbia Univer-
sity) and Peter Glynn (Stanford University)

‘We establish the asymptotic validity of a class of sequential stopping rules when
applying standardized time series (STS) to construct fixed-width confidence
intervals (CI). The STS CI construction avoids requiring a consistent variance
estimator, which is attractive to a class of steady-state simulation problems in
which variance estimation is difficult. We quantify the asymptotic distribution
of STS at stopping times as the prescribed half-width of the CI approaches
zero. This provides us with the appropriate scaling parameter for the CI in the
sequential stopping setting.

On the Stability of Kernelized Control Functionals on Partial and Biased
Stochastic Inputs / Henry Lam and Haofeng Zhang (Columbia University)

We investigate some theoretical properties of kernelized control functionals
(CFs), a recent technique for variance reduction, regarding its stability when
applied to subsets of input distributions or biased generating distributions.
This technique can be viewed as a highly efficient control variate obtained by
carefully choosing a function of the input variates, where the function lies in a
reproducing kernel Hilbert space with known mean thus ensuring unbiasedness.
In large-scale simulation analysis, one often faces many input distributions for
which some are amenable to CFs and some may not due to technical difficul-
ties. We show that CFs retain good theoretical properties and lead to variance
reduction in these situations. We also show that, even if the input variates are
biasedly generated, CFs can correct for the bias but with a price on estimation
efficiency. We compare these properties with importance sampling, in particular
a version using a similar kernelized approach.

BIG DATA IN SIMULATION / CAMELLIA 1

Data Analytics for Simulation
Abdolreza Abhari (Ryerson University)

Simulating Multifractal Signals For Risk Assessment / Damon Frezza, James
Thompson, David Slater, and Garry Jacyna (The MITRE Corporation)

Many data sets collected from physical processes or human engineered systems
exhibit self-similar properties that are best understood from the perspective of
multifractals. These signals fail to satisfy the mathematical definition of sta-
tionarity and are therefore incompatible with Gaussian-based analysis. Efficient
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algorithms for analyzing the multifractal properties exist, but there is a need to
simulate signals that exhibit the same multifractal spectrum as an empirical data
set. The following work outlines two different algorithms for simulating mul-
tifractal signals and addresses the strengths and weaknesses of each approach.
We introduce a procedure for fitting the parameters of a multifractal spectrum
to one extracted empirically from data and illustrate how the algorithms can
be employed to simulate potential future paths of a multifractal process. We
illustrate the procedure using a high-frequency sample of IBM’s stock price
and demonstrate the utility of simulating multifractals in risk management.

Real-time Supply Chain Simulation: A Big Data-Driven Approach / Antonio
A.C. Vieira, Luis M.S. Dias, Maribel Y. Santos, Guilherme A.B. Pereira, and
José A. Oliveira (University of Minho)

Simulation of Supply Chains comprises huge amounts of data, resulting in
numerous entities flowing in the model. These networks are highly dynamic
systems, where entities’ relationships and other elements evolve with time,
paving the way for real-time Supply Chain decision-support tools capable of
using real data. In light of this, a solution comprising of a Big Data Warehouse
to store relevant data and a simulation model of an automotive plant, are being
developed. The purpose of this paper is to address the modelling approach, which
allowed the simulation model to automatically adapt to the data stored in a Big
Data Warehouse and thus adapt to new scenarios without manual intervention.
The main characteristics of the conceived solution were demonstrated, with
empbhasis to the real-time and the ability to allow the model to load the state of
the system from the Big Data Warehouse.

Agent-based Model Characterization Using Natural Language Processing /
Jose Padilla, David Shuttleworth, and Kevin O’Brien (Old Dominion University)

This paper reports on Natural Language Processing (NLP) as a technique to
analyze phenomena towards specifying agent-based models (ABM). The ob-
jective of the ABM NLP Analyzer is to facilitate non-simulationists to actively
engage in the learning and collaborative designing of ABMs. The NLP model
identifies candidate agents, candidate agent attributes, and candidate rules all
of which non-simulationists can later evaluate for feasibility. IBM’s Watson
Natural Language Understanding (NLU) and Knowledge Studio were used
in order to annotate, evaluate, extract agents, agent attributes, and agent rules
from unstructured descriptions of phenomena. The software, and related agent-
attribute-rule characterization, provides insight into a simple but useful means
of conceptualizing and specifying baseline ABMs. Further, it emphasizes on
how to approach the design of ABMs without the use of NLP by focusing on
the identification of agent, attributes and rules.

CASE STUDIES / BALTIMORE 5

Healthcare 11
Fei Chen (Johnson & Johnson)

Smoothing to Improve Patient Flow: Case Study / Farzane Asgari (Visdom)
and Sadegh Asgari (Merrimack College)

Patient flow represents one of the largest opportunities for improvement in
healthcare systems. An effective approach to improve patient flow is identifying
and eliminating artificial variability. The most significant artificial variability is
dysfunctional scheduled admissions which can be decreased or eliminated by
load-smoothing. In this study, we develop a discrete-event simulation model
using 12 months of data from the hospital database and obstetric unit logbooks
in order to examine the relationship between the impact of load-smoothing for
scheduled admissions on the patient flow performance metrics of the unit and
patient volume of unscheduled admissions. The results show load-smoothing
leads to lower patient waiting times but it does not affect the bed occupancy
rate considerably. Moreover, reducing the patient volume of unscheduled ad-
missions increases the reduction in the patient waiting time by load-smoothing
while increasing the patient volume of unscheduled admissions decreases the
reduction in the patient waiting time by load-smoothing.

Simulation Based Optimization for Trombolisys Rate Management over
Isquemic Cerebro-Vascular Accidents / Ricardo Carefio and Luis F. Robledo
(Universidad Andres Bello) and Edgardo Villavicencio (El Pino Hospital)

Cerebrovascular accidents (CVA) are the main cause of death in Chile. Despite
an effective procedure in existence (Thrombolysis), CVA rate for patients that
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received treatment fluctuates between 3 and 5%. Thrombolysis allow a time
window of 4.5 hrs. for treatment effectiveness to avoid serious damage provoked
by CVA. A low thrombolysis rate is a result of this time window and is consid-
ered the main reason for drug administration exclusion. For this, we identified
the factors that affect patients to get proper treatment. To identify these factors,
we have divided the process in pre and post-admission. Following a survey of
patients affected by CVA, we preliminary identified pre-admission factors in El
Pino Hospital (EPH), while for post-admission patients we decided to follow
an in-hospital simulation modeling process in EPH. The identification of these
factors should allow us to mitigate these factors and increase thrombolysis rate
for patients affected by a CVA.

Hospital Network Patient Transport Planning Using Interactive On-The-Fly
Simulation / Michael B. Sellen (CreateASoft, Inc)

Simulation models have been used in logistics to evaluate transportation of
goods throughout a region, zone or country. When it comes to transporting
patients between facilities in the healthcare industry, most simulation models
center around activities at the origin facility or destination facility with the goal
of refining hospital operations to prepare a patient for transfer or the in-take of
arriving patients. Few models focus on the network of ambulances needed to
complete these inter-facility transfers. This case study presents a method for
evaluating dispatch locations within a geographically wide-spread network
servicing a mix of rural and metropolitan areas. Furthermore, the simulation
model takes into consideration the location of the facilities, the routes of travel
between locations, and how external factors, such as weather conditions, might
impact efficiency.

CYBERSECURITY /AZALEA 3

Simulation-based Approaches to Cybersecurity
Dong Jin (Illinois Institute of Technology)

Discrete-event Simulation of Cyber Maintenance Policies According to Nested
Birth and Death Processes /| Akshay Murali, Enhao Liu, and Theodore T. Allen
(The Ohio State University)

This article proposes a novel discrete-event simulation model for predicting
cyber maintenance costs under multiple scenarios. In this study, the evolution
of the computer hosts are modeled similar to the Susceptible-Infected-Removed
(S-I-R) epidemiological model. A concept of a nested birth and death process is
introduced in the context of vulnerability lifetime and its interaction with a host.
The objectives of the model are to study the benefits and drawbacks of current
scanning policy and maintenance policy, propose cost-effective alternatives and
investigate the significance of celebrity vulnerabilities.

Simulation-based Evaluation and Tuning of Distributed Fraud Detection
Algorithm / Janis Grabis (Riga Technical University) and Arturs Rasnacis
(TrustSearch)

A community based fraud detection is one of the methods to ensure trustwor-
thiness of Internet resources. The TrustSearch platform has been developed to
provide community based fraud detection services. It allows Internet user to
submit application reporting potential fraudulent Internet resources and relies on
a consensus seeking algorithm to approve or reject the application. The system
exhibits complex and dynamic behavior, and simulation is used to evaluate its
performance and to determine appropriate operational parameters. The objective
is to find an appropriate trade-off between evaluation accuracy and efficiency
what is a characteristic challenge in distributed decision-making systems. An
agent-oriented simulation model is developed and experimental studies are
conducted. It has been shown that sufficiently high evaluation accuracy can
be achieved and the results are remarkably robust. However, a relatively large
number of participants is required. The community based platform uses block-
chain technologies to reward participants for their contributions.

Simulation-based Blockchain Design to Secure Biopharmaceutical Supply
Chain / Wei Xie (Northeastern University), Wencen Wu (San Jose State Uni-
versity), Bo Wang (Northeastern University), Jie You (QuarkChain Inc.), Zehao
Ye (Northeastern University), and Qi Zhou (QuarkChain Inc.)

Bio-drugs grow rapidly and become one of the key drivers of personalized

medicine and advancement of life sciences. As more cell and gene therapy
products are introduced into the market and the globalization further expands, the
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complexity of biopharma supply chain increases dramatically. Built on two-layer
QuarkChain, we introduce a new blockchain design to facilitate the development
of reliable and efficient global biopharma supply chain. Since blockchain can
improve the transparency and integrity of delivery processes, and facilitate the
real-time monitoring and tractability, it can efficiently improve the drug safety.
The proposed design supports dynamic and integrated biopharma supply chain
risk management even if its complexity increases. We further introduce stochastic
simulation to guide the blockchain design so that we can protect drug products
from theft, temperature diversion, and counterfeiting, while improving the supply
chain reliability, efficiency, and responsiveness. The preliminary empirical study
demonstrates that our approach has promising performance.

FINANCIAL RISK MANAGEMENT / ANNAPOLIS 3

Financial Risk Measures
Zeyu Zheng (University of California, Berkeley)

An Upper Confidence Bound Approach to Estimating Coherent Risk Mea-
sures / Guangwu Liu (City University of Hong Kong), Wen Shi (Central South
University), and Kun Zhang (City University of Hong Kong)

Coherent risk measures have received increasing attention in recent years among
both researchers and practitioners. The problem of estimating a coherent risk
measure can be cast as estimating the maximum expected loss taken under a
set of probability measures. In this paper, we consider the set of probability
measures is finite, and study the estimation of a coherent risk measure via an
upper confidence bound (UCB) approach, where samples of the portfolio loss
are simulated sequentially from one of the probability measures. We study in
depth the so-called Grand Average estimator, and establish statistical guarantees,
including its strong consistency, asymptotic normality, and asymptotic mean
squared error. We also construct asymptotically valid confidence intervals.

Portfolio Optimization with Expectile and Omega Functions / Alexander
Wagner and Stan Uryasev (University of Florida)

This paper proves equivalences of portfolio optimization problems with negative
expectile and omega ratio. We derive subgradients for the negative expectile as
a function of the portfolio from a known dual representation of expectile and
general theory about subgradients of risk measures. We also give an elementary
derivation of the gradient of negative expectile under some assumptions and
provide an example where negative expectile is demonstrably not differentiable.
We conducted a case study and solved portfolio optimization problems with
negative expectile objective and constraint (code and data are posted on the web).

Efficient Nested Simulation of Tail Risk Measures / Jessica O. Dang, Ben M.
Feng, and Mary R. Hardy (University of Waterloo)

Tail risk estimation for portfolios of complex financial instruments is an impor-
tant enterprise risk management task. Time consuming nested simulations are
usually required for such tasks: The outer loop simulates the evolution of risk
factors, or the scenarios. Inner simulations are then conducted in each scenario
to estimate the corresponding portfolio losses, whose distribution entails the
tail risk of interest. In this paper we propose an iterative procedure, called
Importance-Allocated Nested Simulation (IANS), for tail risk estimation. We
tested IANS in a multiple-period nested simulation setting for an actuarial ap-
plication. Our numerical results show that IANS can be an order of magnitude
more accurate that a standard nested simulation procedure.

HEALTHCARE / MAGNOLIA 1

Informing Health Policy Guidelines using Simulation
Anastasia Anagnostou (Brunel University London)

Sensitivity Analysis of Policy Options for Urban Mental Health using System
Dynamics and Fuzzy Cognitive Maps / Elhabib Moustaid, Maksims Kornevs,
and Sebastiaan Meijer (KTH Royal Institute of Technology)

Urban mental health challenges call for new ways of designing policies to ad-
dress the ongoing mental health issues in cities. Policymaking for mental health
in cities is extremely difficult due to the complex nature of mental health, the
structure of cities, and their multiple subsystems. This paper presents a general
system dynamic model of factors affecting mental health and a method to test
the sensitivity of the model to policy options using an approach combining
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system dynamics and fuzzy cognitive maps. The method is developed and tested
to evaluate policies built around feedback loops. The approach succeeded in
identifying the factors that substantially improve the mental health of the city
population for specific contexts. It also suggests the coordination needed between
different subsystems to reach these objectives.

Building Global Research Capacity in Public Health: The Case of a Science
Gateway for Physical Activity Lifelong Modelling and Simulation / Anasta-
sia Anagnostou, Nana Anokye, Simon J. E. Taylor, Derek Groen, and Diana
Suleimenova (Brunel University London) and Riccardo Bruno and Robetro
Barbera (University of Catania)

Physical inactivity is a major risk factor for non-communicable disease and has
a negative impact on quality of life in both high and low- and middle- income
countries (LMICs). Increasing levels of physical activity is recognized as a
strategic pathway to achieving the UN’s 2030 Sustainable Development Goals.
Research can support policy makers in evaluating strategies for achieving this
goal. Barriers limit the capacity of researchers in LMICs. We discuss how
global research capacity might be developed in public health by supporting
collaboration via Open Science approaches and technologies such as Science
Gateways and Open Access Repositories. The paper reports on how we are
contributing to research capacity building in Ghana using a Science Gateway
for our PALMS (Physical Activity Lifelong Modelling & Simulation) agent-
based micro-simulation that we developed in the UK, and how we use an Open
Access Repository to share the outputs of the research.

A New Simulation Model for Kidney Transplantation in the United States /
Burhaneddin Sandikci and Sait Tunc (University of Chicago) and Bekir Tan-
riover (University of Texas, Clements University Hospital)

The United Network for Organ Sharing (UNOS) has been using simulation
models for over two decades to guide the evolution of organ allocation policies
in the United States. UNOS kidney simulation model (KPSAM), which played
a crucial role in the major policy changes of 2014 in the U.S. kidney allocation,
is also made available to the general public as an executable file. However, this
format offers little flexibility to its users in trying out different policy propos-
als. We describe the development of a discrete-event simulation model as an
alternative to KPSAM. It is similar to KPSAM in incorporating many clinical
and operational details. On the other hand, it offers more flexibility in evaluat-
ing various policy proposals and runs significantly faster than KPSAM due to
its efficient use of modern computing technologies. Simulated results closely
match actual U.S. kidney transplantation outcomes, building confidence in the
accuracy and validity of the model.

JOINT SESSION: HYBRID SIMULATION & HEALTHCARE / CA-
MELLIA 3

Innovative Hybrid Simulation for Health and Safety
Navonil Mustafee (University of Exeter)

A Hybrid Process Mining Framework for Automated Simulation Modelling
for Healthcare / Mohammed Mesabbah (Ernst and Young (EY)); Waleed
Abo-Hamad (Technical University Dublin (TU Dublin); and Susan Mckeever
(Technical University Dublin (TU Dublin)

Advances in data and process mining algorithms combined with the availability
of sophisticated information systems have created an encouraging environment
for innovations in simulation modelling. Researchers have investigated the in-
tegration between such algorithms and business process modelling to facilitate
the automation of building simulation models. These endeavors have resulted in
a prototype termed Auto Simulation Model Builder (ASMB) for DES models.
However, this prototype has limitations that undermine applying it on complex
systems. This paper presents an extension of the ASMB framework previously
developed by authors adopted for healthcare systems. The proposed framework
offers a comprehensive solution for resources handling to support complex
decision-making processes around hospital staff planning. The framework
also introduces a machine learning real-time data-driven prediction approach
for system performance using advanced activity blocks for the auto-generated
model, based on live-streams of patient data. This prediction can be useful for
both single and multiple healthcare units management.
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Mixed-mode Pandemic Modeling / Peter Bosch (Highpoint Software Systems)

This paper describes a mixed mode approach to simulating a global pandemic.
It describes the architectural approach and design decisions as well as the data
sources, development tools and processes in each of the three simulation domains
- System Dynamics (SD), Discrete-event Simulation (DES) and Agent-based
Modeling (ABM). The encompassing model uses a network of SD models, each
representing a 30 km-square grid cell of Earth’s surface, with attributes describ-
ing population density as well as economic, political, sanitary and healthcare
capabilities. Governments and outbreak response teams are represented by
software agents, making decisions about resource allocations and performing
vaccination drives. A discrete-event engine drives the SD models and the agents,
as well as any prescribed response actions. Where possible —and it was almost
always possible — Open Source data and software is used.

Combining Simulation Techniques to Understand Demographic Dynamics
and Forecast Hospital Demands / Bozena Mielczarek (Wroctaw University
of Science and Technology)

An ageing population directly affects the volume and structure of hospital de-
mands while raising concerns about both short- and long-term medical service
accessibility. In this context, simulations can be used to facilitate understanding
about population dynamics and the mechanisms driving healthcare service de-
mands. This study’s primary goal was to determine how demographic changes
influenced the demand for inpatient hospital services using a hybrid simulation
technique. The studied model was used to predict how changes in the age-gender
population distribution would affect future hospital inpatient service use among
17 hospital located in a large administrative region in Poland. The population
model was constructed as a system dynamics model while patient pathways
were modeled using a discrete-event approach. Results showed that the hybrid
model enabled analyses and insights that were not delivered by either model
when used separately.

INTRODUCTORY TUTORIALS / AZALEA 1

Success Tips for Simulation Projects
Claudia Szabo (University of Adelaide, The University of Adelaide)

Avoid Failures! Tested Success Tips for Simulation Project Excellence / David
T. Sturrock (Simio LLC)

How can you make your projects successful? Modeling can certainly be fun,
but it can also be quite challenging. With the new demands of Smart Factories,
Digital Twins, and Digital Transformation, the challenges multiply. You want
your first and every project to be successful, so you can justify continued work.
Unfortunately, a simulation project is much more than simply building a model
— the skills required for success go well beyond knowing a particular simulation
tool. A 35-year veteran who has done hundreds of successful projects shares
important insights to enable project success. He also shares some cautions and
tips to help avoid common traps leading to failure and frustration.

LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 2

Maritime Logistics Simulation
Manuel D. Rossetti (University of Arkansas)

Simulating Maritime Chokepoint Disruption in the Global Food Supply /
Ryan Walton, J.O. Miller, and Lance Champagne (AFIT)

The crops of wheat, maize, and rice make up almost two-thirds of the world’s
dietary needs. Additionally, soybeans account for three-quarters of global
livestock feed. Considering over half of the world’s exported supply of these
commodities is exported via maritime means, the free flow of marine traffic
becomes paramount. Current optimization models found in a number of studies
involving food commodities lack the ability to capture the inherent variance in
maritime transport. To capture this variance, a discrete-event simulation was
built to understand how disruptions in this system impact those who rely on
its unhindered functionality. Monthly export data are used, and the maritime
chokepoints of the Panama Canal, the Suez Canal, and the Strait of Gibraltar
are modeled for disruption. Results indicate significant food shortages for
all importers studied. Marine traffic through the Strait of Malacca was also
significantly impacted when any of the three chokepoints studied were closed.
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Simulation and Optimization of Operations for Offshore Installations Plan-
ning using a Model Predictive Control Scheme / Daniel Rippel, Nicolas Jathe,
and Michael Liitjen (BIBA - Bremer Institut fiir Produktion und Logistik GmbH
at the University of Bremen); Helena Szczerbicka (Leibniz University of Han-
nover); and Michael Freitag (University of Bremen)

Wind energy is a promising technology to cover the world’s need for sustain-
able energy production. Nevertheless, the construction of offshore wind farms
imposes particular challenges. While about 15% to 20% of the costs for offshore
wind farms can be attributed to logistics during the construction, highly dynamic
weather conditions render accurate planning difficult. This article presents an
approach for the installation planning, which uses the model predictive control
scheme to combine short-term control with model-based simulations. The latter
is used to optimize over mid- to long-term plans. Besides, the article presents
anew approach to incorporate the uncertainties of weather predictions into the
operations planning by estimating the expected duration of offshore operations.
Results show increased efficiency of generated plans with growing planning
horizons, limited by the accuracy of weather forecasts.

Estimating the Effect of Product Variety at a Brazilian Bulk Terminal / Pedro
Piccolo Anauate, Daniel de Oliveira Mota, Joao Ferreira Netto, and Rui Carlos
Botter (University of Sao Paulo)

Brazil is one of the world’s leading iron ore exporters, producing millions of
tons annually. To transport ore, the country has specialized port terminals and
logistical infrastructure designed specifically for export. The improvement of
such systems remains a challenge and attracts substantial investment, generating
a great synergy between companies and universities in the search for solutions. In
this context, we present a case study involving a Brazilian terminal designed to
handle iron ore, which must now import coal as well. The objective, therefore, is
to analyze the effects of this new operation on the system’s performance indica-
tors. To evaluate and compare different scenarios, a discrete-event computational
simulation model was built using the software Simul8. The results show that
the new operation is viable, maintaining an 89% service level when handling
three millions of tons per year of coal.

LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 1

Simulation of Supply Strategies
Edward Williams (PMC)

A Simulation Model to Determine Staffing Strategy and Warehouse Capac-
ity for a Local Distribution Center / Rodrigo De la Fuente and Juan Emilio
Gatica (University of Concepcion) and Raymond Lester Smith (East Carolina
University)

Capacity and workforce management in a distribution center can have significant
impacts on the overall supply chain. This paper examines the effects of workforce
staffing strategies employed in the warehouse operations of a beverage distribu-
tion center located in the Bio-Bio Region, Chile. The workforce is responsible
for unloading and storing inbound product shipments from distant production
plants, as well as retrieving and preparing outbound product shipments for lo-
cal delivery. A simulation model was used to guide how to improve warehouse
operations as measured by load preparation time, workforce staffing costs,
and maximum storage capacity utilization. The results recommend increasing
warehouse pallet storage capacity to improve efficiency. Additionally, scenarios
were evaluated concerning the firm’s willingness-to-pay for improvements
related to workforce staffing and training. The results indicate that investing in
the workforce will reduce the firm’s load preparation time by as much as 15%.

Penalty Enforcement or Cost Reduction -- Which Approach Better Improves
Supplier Process Yield? / Chun-Miin (Jimmy) Chen (Bucknell University)

Retailers have been increasing standards for suppliers in regard to demand-
fulfillment performance. To discourage partial deliveries due to unacceptable,
defective products, retailers can unilaterally back-charge the supplier a penalty
or collaboratively improve the supplier’s production process yield and reduce
the supplier’s quality investment expenditure. In this study, we create an analyti-
cal model that compares the retailer’s penalty-enforcement and cost-reduction
approaches in which the supplier must optimize its production process yield
to minimize the total expected cost. The findings indicate that using either
approach can induce the supplier to improve process yield. The simulation
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results show that the cost-reduction approach may require less effort than the
penalty-enforcement approach to attain the same level of quality improvement.

An Agent-based Modelling Framework for Urban Agriculture / Adam Ghan-
dar, Georgios Theodoropoulos, Miner Zhong, Bowen Zhen, Shijie Chen, and
Yue Gong (Southern University of Science and Technology); and Ayyaz Ahmed
(University of Engineering and Technology)

Agricultural innovation is imperative in order to meet global challenges to
sustainably feed large urban populations. This paper contributes a modelling
framework for urban agriculture, and an implementation in a scenario based
on the fast growing mega city of Shenzhen located near Hong Kong in south-
ern China. We also review related work and provide a gap analysis between
requirements for modelling modern urban agricultural systems versus related
work that looks at agricultural supply chains, production, and land use. The
proposed framework will facilitate developing a novel decision support system
to coordinate decentralized urban agricultural production units in order to real-
ize, at scale, numerous benefits from co-locating production and consumption
in the urban environment.

MASM: SEMICONDUCTOR MANUFACTURING / BALTIMORE 3

Maintenance and Engineering
Hans Ehm (Infineon Technologies AG)

Influence of Spare Parts Service Measures on the Performance of Front-End
Wafer Production Process /| Douniel Lamghari-Idrissi (ASML, Eindhoven
University of Technology) and Daniel Soellaart, Rob Basten, and Nico Dellaert
(Eindhoven University of Technology)

We are interested in the influence of spare part service measures on the perfor-
mance of front-end wafer fabrication process. This process is characterized by
re-entrant flows exacerbating variability differences. We focus on the bottleneck
resource. First, we simulate the spare part supply chain to show the impact of
the spare part service measures on the time to repair distribution. Second, we
use this distribution to assess the performance of the front-end wafer fabrica-
tion process. We conclude that the choice of the spare parts service measure
has a high impact on the front-end wafer fabrication process performance. Our
methodology could help practitioners making improved decisions regarding
spare parts service measure.

A Numerical Study on the Structure of Optimal Preventive Maintenance Poli-
cies in Prototype Tandem Queues / Tachyung Kim and James Robert Morrison
(Korea Advanced Institute of Science and Technology)

While high levels of automation in modern manufacturing systems increase
the reliability of production, tool failure and preventive maintenance (PM)
events remain a significant source of production variability. It is well known for
production systems, such as the M/G/1 queue, that optimal PM policies possess
a threshold structure. Much less is known for networks of queues. Here we
consider the prototypical tandem queue consisting of two exponential servers in
series subject to health deterioration leading to failure and repair. We model the
PM decision problem as a Markov decision process (MDP) with a discounted
infinite-horizon cost. We conduct numerical studies to assess the structure of
optimal policies. Simulation is used to assess the value of the optimal PM policy
relative to the use of a PM policy derived by considering each queue in isolation.
Our simulation studies demonstrate that the mean cycle time and discounted
operating costs are 10% superior.

Optimizing Engineering and Production Lots During New Product Transi-
tions in Semiconductor Manufacturing / Atchyuta Bharadwaj Manda and Reha
Uzsoy (North Carolina State University)

The adverse impact of new product introductions on the performance of semi-
conductor wafer fabrication facilities (fabs) is widely acknowledged. In this
work, we develop a simulation model, of a simplified production system that
captures the impact of a new product introduction on the total system through-
out and the learning effects of production and engineering activities. We use a
simulation optimization procedure utilizing a Genetic Algorithm (GA) to obtain
near-optimal solutions for the releases of production and engineering lots that
maximize total contribution over the planning horizon. Numerical experiments
provide insights into the structure of optimal release policies and illustrate the
improvements that can be achieved through the strategic use of engineering lots.
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MODELING METHODOLOGY / MAGNOLIA 2

Methods for Energy Conservation and Sustainability
Sanja Lazarova-Molnar (University of Southern Denmark)

Simulation of Energy-efficient Demand Response for High Performance
Computing Systems / Kishwar Ahmed (University of South Carolina Beaufort)
and Jason Liu (Florida International University)

Energy consumption is a critical issue for high-performance computing (HPC)
systems. Demand response is a program offered by power service providers
to reduce energy consumption. In this paper, we present the simulation of an
energy-efficient economic demand-response model based on contract theory.
Simulation is developed to examine the effectiveness of the demand-response
model in a variety of real-world scenarios. Results from simulation show that the
model can achieve energy efficiency through the rewarding mechanism of the
contract-based design. In particular, the HPC users can be properly compensated
to ensure their willing participation in energy reduction.

Energy Conservation through Cloned Execution of Simulations / Srikanth
B. Yoginath, Maksudul Alam, and Kalyan S. Perumalla (Oak Ridge National
Laboratory)

High-performance computing facilities used for scientific computing draw
enormous energy, some of them consuming many megawatt-hours. Saving
the energy consumption of computations on such facilities can dramatically
reduce the total cost of their operation and help reduce environmental effects.
Here, we focus on a way to reduce energy consumption in many ensembles of
simulations. Using the method of simulation cloning to exploit parallelism while
also significantly conserving the computational and memory requirements, we
perform a detailed empirical study of energy consumed on a large supercomputer
consisting of hardware accelerator cards (graphical processing units, GPUs).
‘We build on previous insights from mathematical analysis and implementation
of cloned simulations that result in computational and memory savings by sev-
eral orders-of-magnitude. Using instrumentation to track the power drawn by
thousands of accelerator cards, we report significant aggregate energy savings
from cloned simulations.

Evaluation of Metaheuristic Algorithms for the Improvement of Sustain-
ability in the Construction Area / Lluis Aunds 1 Chicon (Universitat Oberta
de Catalunya) and Pau Fonseca i Casas (Universitat Politencica de Catalunya)

NECADA infrastructure supports the execution of a simulation model of build-
ings or urban areas, taking care of environmental directives and international
standards in the design process. The aim of this simulation model is to opti-
mize the entire life cycle of the system from the point of view of sustainability
(environmental, social and economic impacts), taking care of the comfort and
climate change to achieve a Nearly Zero Energy Building. Due to the huge
amount of factors to be considered, the number of scenarios to be simulated is
huge, hence the use of optimization and specifically heuristics, is needed to get
an answer in a reasonable time. This project aims to analyze the accuracy of
two of the most used metaheuristics in this area. To do so we base our analysis
in an extensive dataset obtained from a brute force execution, which represents
a typical dataset for this kind of problem.

PROJECT MANAGEMENT, CONSTRUCTION / CAMELLIA 2

Simulation for Planning Construction Operations
Joseph Louis (Oregon State University)

Multi-Criteria-based Simulation Model to Estimate Resources for Bridge
Inspections / Immanuel Johnson John Samuel and Mostafa Tajic Hesarkuchak
(George Mason university) and Ossama Salem (George Mason University)

Bridges are important links in the US infrastructure system, and various in-
spection activities at different frequencies are needed to maintain and preserve
bridges at an acceptable level of service. Recent guidelines by Federal highway
administration (FHWA) have mandated state agencies to inspect and manage
bridges at an element level. To obtain element-level inspection data, different
resources are needed for mobilizing, cleaning, and accessing all elements of a
bridge, creating complication in optimizing resource allocation for inspection
activities. This study proposes a simulation-based, easy-to-use planning tool
for bridge inspection to effectively estimate the minimum resources required to

Final Program Abstracts / Monday 3:30p.m.-5:00p.m.



70

complete all the FHWA mandated inspections using four attributes (deck area,
inspection frequency, structure type and scour critical) from bridge inventory
database. The results of the simulation model are capable of showing resource
utilization under different scenarios, which supports the planning of element-
level bridge inspection to ensure optimum resource allocation.

On-site Assembly of Modular Building using Discrete-event Simulation /
Shuai Liu, Asif Mansoor, Ahmed Bouferguene, Mohamed Al-Hussein, and
Brent Kugyelka (University of Alberta)

With the continuous development of industrialization in building construction,
modular construction and off-site prefabrication methods have been applied
much more thoroughly and comprehensively to achieve higher efficiency and
better quality control as the major building components are able to be produced in
a factory setting, which reduces the influence of uncontrolled factors. This paper,
while employing discrete-event simulation, uses Simpony.NET tool to model
the process of transporting modules and assembling them on the construction
site of a future multi-residential project. By adding more details, such as the
weather and traffic conditions, the simulation results can become more accurate.
In addition, as most simulation models for modular construction processes
focus mainly on the assembly of modules on site, this paper also quantified
the weather influence in terms of project duration and manpower utilization.
Furthermore, the simulation model could also provide a general guide for the
comparison of various scenarios.

Simulation-based Approach to Systematic Project Planning and Scheduling at
A Bridge Girder Fabrication Shop / Monjurul Hasan and Ming Lu (University
of Alberta) and Chris Ritcey (Supreme Steel)

This paper addresses a practical planning problem in bridge steel girder fabrica-
tion in an attempt to illuminate why the identified problem does not lend it well
to existing solutions for construction planning. A simulation-based approach is
presented for project scheduling and production planning at a structural steel
fabrication shop. The shop simultaneously produces girders for various clients
in construction of multiple bridges. Particular emphasis is placed on how to
interpret and represent simulation outputs in terms of customized schedules
of various details so as to cater to the needs of different stakeholders involved
at multiple management levels. The applicability of the proposed approach is
demonstrated with a case study based on real-world settings.

SAFETY APPLICATIONS / CAMELIA 4

Aviation Safety
Kevin Taaffe (Clemson University)

An Airspace Collision Risk Simulator for Safety Assessment / Jiangjun Tang
(UNSW), Sameer Alam (NTU), and Hussein Abbass (UNSW)

Modelling the spatio-temporal dynamics and evolution of collision risk in an
airspace is critical for multiple purposes. First, the model could be used to
diagnose the critical points where the level of risk escalated due to particular
airspace configurations and/or events. Second, the model reveals information on
the rate of risk-escalation in an airspace, which could be used as a risk indicator
in its own right. The aim of this paper is to present an Airspace Collision Risk
Simulator for safety assessment. This is achieved by developing a fast-time
simulator with a suitable fidelity for spatial-temporal analysis of collision
risk using clustering methods. This simulator integrates the airspace model,
aerodynamic model and traffic flow model for collision risk computation and
visualisation. The proposed simulator is the first attempt to provide an insight
into the evolution of collision risk for airspace safety assessment with potential
benefits to the operational environment.

Evaluating Air Traffic Controllers’ Workload Through Computer Simulations
/ Arman Izadi, Nicolas Hinze, and Antonio Trani (Virginia Polytechnic Institute
and State University)

Automatic Dependent Surveillance-Broadcast (ADS-B) has become one of
the key technologies in modernizing the National Airspace System (NAS) by
enhancing air traffic surveillance and improving situational awareness. In this
study, we used the Global Oceanic Model - a fast-time computer simulation
tool- to evaluate the potential workload of air traffic controllers (ATC) using
satellite-based ADS-B and reduced separation standards in the North Atlantic
(NAT) oceanic airspace. This study uses two metrics to quantify the potential
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ATC workload. First, the number of tactical resolution maneuvers (changing
flight levels, changing Mach number and lateral deviations) used by ATC to
resolve potential conflicts. Second, the number of events that ATC need to
monitor when aircraft pairs are located within a protection boundary of 50%
above the separation minima. Our results show that equipping aircraft with
ADS-B technologies can reduce the ATC workload and increase the efficiency
and capacity in the NAT airspace.

Safety and Performance Implications of Wake Vortex Buffers | Frederick
Wieland (Intelligent Automation, Inc.)

This paper presents a simulation-based study of the performance implications
of spacing buffers in the United States’ Air Traffic Control System. A spacing
buffer is used during instrument flight operations, when radar control is active.
The buffer represents additional spacing between successive flights beyond what
is required so that separation violations rarely, if ever, occur. In contrast, during
non-radar visual operations, spacing at or near the minimum occurs when pilots
request and are granted visual clearances. Using published data derived from
multilateration surveillance systems, this study describes a simulation experi-
ment created to understand the performance implications of actual separations
for controlled flights when instrument flight rules are active. The results show,
unsurprisingly, that there is a statistically meaningful increase in delays as the
spacing buffer increases. These results also demonstrate how, during weather-
triggered radar operations, the air traffic system at busy airports can become
congested and delays escalate.

SIMULATION EDUCATION / ANNAPOLIS 4

Teaching the Practitioner
Krzysztof Rechowicz (VMASC)

Topics in Discrete Events Simulation for Business Students / Ingolf Stahl
(Stockholm School of Economics)

This paper is focused on the issue of how one can get Discrete Events Simulation
(DES) more used in Business Schools, since this type of simulation allows stu-
dents to do interesting simulation projects in companies. We list a great number
of project topics that we in four countries have given our business students and
which they have been able to carry out successfully as part of an introductory
course, requiring one month of work. This list of topics can hopefully give also
other students ideas for project work. For some of these topics we also bring
out some interesting details.

Simulation Education: a Survey of Faculty and Practitioners /| Marco A.
Mesquita, Bruna C. Silva, and Jodo V. Tomotani (University of Sao Paulo)

This paper aims to raise current simulation teaching practices and identify
the challenges and opportunities for improvement in simulation education. A
survey was carried out with authors and chairs of Simulation Education tracks
of the Winter Simulation Conference editions from 2000 to 2017. The results
highlighted the primary practices, difficulties, and opportunities for improve-
ment, raised by professionals that currently teach or used to teach simulation in
undergraduate courses in engineering, computer science, and business admin-
istration, among others. Two issues highlighted in the survey are the balance
between theory and practice, and the role of simulation projects as a tool to
consolidate the learning process in simulation education. We found that profes-
sors value simulation projects in the discipline and the importance of working
with real-world problems. Finally, the present survey identified a concern within
the academic community in discussing and improving the process of teaching
and learning simulation.

Monte Carlo Simulations to Teach the Effect of Lean Methods to Improve
Business Processes / John Maleyeff and Canan Gunes Corlu (Boston University)

This paper presents two Monte Carlo simulations that we use in our Operations
Management course to support the teaching of Lean concepts. Students are
experienced and inexperienced, international and domestic, and technically
savvy and technically challenged, and the course is taught both online and on
campus. The educational aims of the simulations are to teach our students: (1)
the concept of variation and its impact on service system throughput; (2) how
capacity buffers work and that they can add significant cost; and (3) how Lean
approaches that remove non-value-added activities can result in customer
experience improvements without adding significant cost. We achieve these
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aims through the use of two service system simulations — one that can be done
manually and the other that uses Excel.

SIMULATION OPTIMIZATION / ANNAPOLIS 1

Experimental Design
David J. Eckman (Northwestern University)

Bayesian Sequential Experimental Design for Stochastic Kriging with Jack-
knife Error Estimates / Guowei Sun, Yunchuan Li, and Michael Fu (University
of Maryland, College Park)

We propose a fully sequential experimental design procedure for stochastic
kriging (SK) methodology of fitting unknown response surfaces from simulation
experiments. The procedure first estimates the current SK model performance
by jackknifing the existing data points. Then, an additional SK model is fitted on
the jackknife error estimates to capture the landscape of the current SK model
performance. Methodologies for balancing exploration and exploitation trade-
off in Bayesian optimization are employed to select the next simulation point.
Compared to experimental design procedures, our method is robust to the SK
model specifications. We design a dynamic allocation algorithm, which we call
kriging-based dynamic stochastic kriging (KDSK), and illustrate its performance
through two numerical experiments.

Computational Operations Research Exchange (cORe): A Cyber-infra-
structure for Analytics / Yunxiao Deng (Google), Jiajun Xu (University of
Southern California), and Carl Kesselman and Suvrajeet Sen (University of
Southern California)

cORe is a new cyber-infrastructure which will facilitate computational Opera-
tions Research exchange. OR models arise in many engineering domains, such
as design, manufacturing, and services (e.g., banking/finance, health systems),
as well as specific infrastructure-centric applications such as logistics/supply
chains, power system operations, telecommunications, traffic/ transportation,
and many more. In addition, modern OR tools have also been adopted in many
foundational disciplines, such as computer science, machine learning, and others.
Given the broad footprint of OR, the development of a robust cyber-infrastructure
has the potential to not only promote greater exchange of data, models, software,
and experiments but also enhance reproducibility and re-usability, both within
OR, and across multiple disciplines mentioned above. cORe also has the potential
to drastically reduce the computational burden on research communities which
study resource allocation using analytics. This paper presents an overview of
the functionality, design, and computations using cORe.

Redesigning a Testbed of Simulation-optimization Problems and Solvers for
Experimental Comparisons / David J. Eckman (Northwestern University),
Shane G. Henderson (Cornell University), and Raghu Pasupathy (Purdue
University)

We describe major improvements to the testing capabilities of SimOpt, a li-
brary of simulation-optimization problems and solvers. Foremost among these
improvements is a transition to GitHub that makes SimOpt easier to use and
maintain. We also design two new wrapper functions that facilitate empirical
comparisons of solvers. The wrapper functions make extensive use of common
random numbers (CRN) both within and across solvers for various purposes;
e.g., identifying random initial solutions and running simulation replications.
We examine some of the intricacies of using CRN to compare simulation-
optimization solvers.

Monday 4:00p.m.-5:30p.m.
VENDOR / BALTIMORE 4
Innovative Simulation Tools

Derivative-free Optimization with TOF-SNOBFIT / Yash Puranik and Nick
Sahinidis (The Optimization Firm, LLC)

The Optimization Firm will present its new TOF-SNOBFIT software, a high-

performance Fortran implementation of the SNOBFIT algorithm by Huyer
and Neumaier (2008). The software makes it possible to solve box-constrained
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global optimization problems using only function values from simulations or
experiments. This talk will describe the main algorithmic features of TOF-
SNOBFIT, illustrate its use, and present extensive computational results with
hundreds of benchmarks and various applications. The computational experi-
ments were designed to measure and analyze CPU time requirements, number
of calls to the simulator, and the effect of starting point and number of iterations
on solution quality.

What-if Simulation with Mozart Wise® / Won-Jun Lee and Byung-Hee Kim
(VMS Solutions Co. Ltd.) and Yongjin Cho and Keyhoon Ko (VMS Global, Inc.)

MOZART®" has been used in major memory semiconductor manufacturers and
display panel makers for more than 15 years. The simulation-based planning and
scheduling system has weekly planning (MP: master plan), daily planning (FP:
factory plan), real-time scheduling (APS: advanced planning and scheduling),
lot pegging (RTF: return to forecast), and what-if simulation (LSE: loading
simulation engine) modules. VMS recently launched a new module named
MOZART WISE (What-If Simulation Environment), which is the enhanced
version of LSE. WISE consists of experiment designer, executer, and analyzer.
We will introduce how to plan scenarios with the designer, and how to analyze
the results with the analyzer. We will also present the weight factor optimization
result with machine learning as an example.

Tuesday 8:00a.m.-9:30a.m.
ADVANCED TUTORIALS / AZALEA 2

Digital Twins
Tillal Eldabi (Brunel University London, Brunel University)

Towards Adaptive Enterprises using Digital Twins / Vinay Kulkarni (Tata
Consultancy Services), Tony Clark (Aston University), and Souvik Barat (Tata
Consultancy Services)

Modern enterprises are large complex systems operating in highly dynamic
environments thus requiring quick response to a variety of change drivers.
Moreover, they are systems of systems wherein understanding is available in
localized contexts only and that too is typically partial and uncertain. With the
overall system behaviour hard to know a-priori and conventional techniques
for system-wide analysis either lacking in rigour or defeated by the scale of the
problem, the current practice often exclusively relies on human expertise for
monitoring and adaptation. We present an approach that combines ideas from
modeling & simulation, reinforcement learning and control theory to make
enterprises adaptive. The approach hinges on the concept of Digital Twin - a
set of relevant models that are amenable to analysis and simulation. The paper
describes illustration of approach in two real world use cases.

AGENT-BASED SIMULATION / MAGNOLIA 3

Agent-based Simulation for Emergency Response
Sarah Wise (University College London)

Validation and Evaluation of Emergency Response Plans through Agent-based
Modeling and Simulation / Joseph E. Helsing and Harsha Gwalani (Univer-
sity of North Texas); Sultanah M. Alshammari (King Abdulaziz University,
University of North Texas); and Armin R. Mikler (University of North Texas)

Biological emergency response planning plays a critical role in protecting the
public from possible devastating results of sudden disease outbreaks. These plans
describe the distribution of medical countermeasures across the affected region
using limited resources within a restricted time window. The ability to determine
that such plans will be feasible, in terms of successfully providing service to
affected populations within the time limit is crucial. Current efforts like live
drills and training to validate plans may not test plan activation at the appropriate
scale or account for dynamic real-time events. This paper presents Validating
Emergency Response Plan Execution Through Simulation (VERPETS), a novel
computational system for the agent-based simulation of biological emergency
response plan activation. This system integrates raw road network, population
distribution, and emergency response plan data and simulates the traffic in the
affected region using SUMO, or Simulations of Urban Mobility.
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Sea Bright, New Jersey Reconstructed: Agent-based Protection Theory Model
Responses to Hurricane Sandy / Kim McEligot (George Mason University,
Johns Hopkins University/Applied Physics Laboratory) and Peggy Brouse and
Andrew Crooks (George Mason University)

Coastal flooding is the most expensive type of natural disaster in the United
States. Policy initiatives to mitigate the effects of these events are dependent
upon understanding flood victim responses at an individual and municipal level.
Agent-based Modeling (ABM) is an effective tool for analyzing community-
wide responses to natural disaster, but the quality of the ABM’s performance
is often challenging to determine. This paper discusses the complexity of the
Protective Action Decision Model (PADM) and Protection Motivation Theory
(PMT) for human decision making regarding hazard mitigations. A combined
(PADM/PMT) model is developed and integrated into the MASON modeling
framework. The ABM implements a hind-cast of Hurricane Sandy’s damage
to Sea Bright, NJ and homeowner post-flood reconstruction decisions. It is
validated against damage assessments and post-storm surveys. The contribu-
tion of socio-economic factors and built environment on model performance
is also addressed and suggests that mitigation for townhouse communities will
be challenging.

Simulation of Knife Attack and Gun Attack on University Campus Using
Agent-based Model and GIS / Jing Yang (Sunny) Xi and Wai Kin (Victor)
Chan (Tsinghua University, TBSI)

While mass shootings in schools plagues the campus security of the United
States, China, due to its gun ban, instead deals with knife wielding attackers. Over
the past three years, more than 30 stabbings have occurred in school campuses,
with hundreds of people being injured or killed. This paper computationally
examines the consequences of people’s actions during a university campus attack
using a combination of agent-based simulation and GIS mapping. Experimental
results suggest that when facing an attacker with a knife, people should team
up and attempt to subdue the attacker, whereas when facing an attacker with a
gun, people should flee the area and wait for law enforcement to arrive if they
cannot subdue the attacker quickly.

BIG DATA IN SIMULATION / CAMELLIA 1

Machine Learning for Simulation
Hamdi Kavak (George Mason University)

Solving Challenges at the Interface of Simulation and Big Data using Machine
Learning / Philippe J. Giabbanelli (Miami University)

Modeling & Simulation (M&S) and Machine Learning (ML) have been used
separately for decades. They can also straightforwardly be employed in the
same study by contrasting the results of a theory-driven M&S model with the
most accurate data-driven ML model. In this paper, we propose a paradigm shift
from seeing ML and M&S as two independent activities to identifying how
their integration can solve challenges that emerge in a big data context. Since
several works have already examined this interaction for conceptual modeling
or model building (e.g., creating components with ML and embedding them
in the M&S model), our analysis is devoted on three relatively under-studied
stages: calibrating a simulation model using ML, dealing with the issues of
large search space by employing ML for experimentation, and identifying the
right visualizations of model output by applying ML to characteristics of the
output or actions of the users.

Generative Adversarial Network For Improving Deep Learning Based Mal-
ware Classification / Yan Lu and Jiang Li (Old Dominion University)

The generative adversarial network (GAN) had been successfully applied in
many domains in the past, the GAN network provides a new approach for solv-
ing computer vision, object detection and classification problems by learning,
mimicking and generating any distribution of data. One of the difficulties in deep
learning-based malware detection and classification tasks is lacking of training
malware samples. With insufficient training data the classification performance
of the deep model could be compromised significantly. To solve this issue, in
this paper, we propose a method which uses the Deep Convolutional Genera-
tive Adversarial Network (DCGAN) to generate synthetic malware samples.
Our experiment results show that by using the DCGAN generated adversarial
synthetic malware samples, the classification accuracy of the classifier — a
18-layer deep residual network is significantly improved by approximately 6%.
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Data-Driven Modeling and Simulation of Daily Activity Patterns of Elderlies
Living in a Smart Home / Cyriac Azefack (Mines de Saint-Etienne, EOVI
MCD); Raksmey Phan and Vincent Augusto (Mines de Saint-Etienne); Guil-
laume Gardin (EOVI MCD); Claude Montuy Coquard (Mutualite Frangaise
Loire - Haute Loire); Remi Bouvier (EOVI MCD, Mutualite Frangaise Loire
- Haute Loire); and Xiaolan Xie (Mines de Saint-Etienne)

Considering the globally aging population, one of the main challenges the
healthcare system would have to face is to help elderly people stay at home in
good health conditions and as long as possible. Recent advances in technologies
answer this need with Smart Homes and Ambient Assisted Living programs.
Data collected by the sensors are labeled and used to monitor the inhabitant
Activities of Daily Living (ADLs). In this paper, we presented a new modeling
framework of the smart home resident’s behavior that mimics his behavior on
multiple aspects and is able to simulate the resident daily behavior. Our ap-
proach is illustrated by a real-life case study application. Results show that the
presented framework enables the modeling of human behavior living alone in
a smart home without prior knowledge on the inhabitant. Such results enable
further research on frailty prediction through simulation.

CASE STUDIES / BALTIMORE 5

Manufacturing I
David T. Sturrock (Simio LLC)

Study on the Operation Efficiency of Steel Stock Yard Using DES Simulation
/ Jonghun Woo, Jong Gye Shin, Huigiang Shen, and SuHeon Ju (Seoul National
University) and Jong Ho Nam (Korea Maritime and Ocean University)

The steel stock yard for storing the purchased steel plates is the first step of
shipbuilding and a space where sorting is performed to supply proper steel pates
to the cutting process at the right time. Usually, it is difficult to supply all steel
plates from one steelworks. Therefore, the deviation of the duration of plate
procurement increases in the process of supplying steel plates from multiple
steelworks, and the changes in production plans resulting from this affects the
duration for which the steel plates stay in the stock yard. To address this problem,
shipyards are researching on efficient management of steel plates in a limited
space. In this study, a steel stock yard simulation model was constructed using
discrete event simulation. Through this process, the steel plate delivery plan
can be established in more detail, and a method of managing steel plates in the
steel stock yard is proposed.

Simulation Model Risk-based Scheduling Tool for High-Mix and Low-Volume
Manufacturing Facility with Sequence-Dependent Setup Times / Jose E.
Linares Blasini and Sonia M. Bartolomei Suarez (University of Puerto Rico
Mayaguez) and Wandaliz Torres-Garcia (University of Puerto Rico at Mayaguez)

The use of deterministic scheduling for high-mix and low-volume manufactur-
ing facility is inefficient and obsolete due to the inherent variability and occur-
rence of uncertain events in the manufacturing floor. This project develops a
robust scheduling tool for a high-mix low-volume manufacturing facility with
sequence-dependent setup times taking into consideration some of the inher-
ent variability of the manufacturing floor. This scheduling tool is created using
the Simio software package to enable the creation of schedules that adjust to
schedulers’ needs while incorporating manufacturing constraints. This analytical
tool was created to solve an existing problem for a local industry partner and it
was investigated further through a case study. Ultimately, this work developed
a simulation tool that models inherent variability in a high-mix low-volume
manufacturing facility with sequence-dependent setup times and feeds into the
generation of risk-based schedules allowing to forecast possible tardiness before
it happens and update schedules dynamically as needed.

Cyber-Physical Production System of Workers for Design and Operation of
Product Assembly Lines / Youngwook Nam, Donggun Lee, and Sang Do Noh
(Sungkyunkwan University)

Recently, many production lines have become smarter and more automated
since German industrial policy Industry 4.0. However, humans still make up a
large portion of production lines that do not have standardized work or require
difficult assembly skills. To improve the productivity of processes in which
workers play an essential role, ergonomic studies use motion capture equipment
to measure and evaluate worker posture. However, most of the research remains
in the process design stage. In this study, a cyber-physical production system
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of workers is proposed for process design and operation. To implement this
method, the study designs an architecture and conducts a pilot implementation
at assembly lines in South Korea for verification and validation.

HEALTHCARE / MAGNOLIA 1

Improving Emergency Department Efficiency Using Simulation
Breanna P. Swan (North Carolina State University)

Patient Care Management for Physicians: Reducing Handoffs in the Emer-
gency Department / Vishnunarayan Girishan Prabhu and Kevin Taaffe (Clemson
University) and Ronald Pirrallo (Prisma Health, USC)

The Emergency Department (ED) is an environment prone to high error rates
with severe consequences. Prior studies report miscommunication contributes
to 80% of the serious medical errors. HandofTs, transfer of patient care from one
physician to another, are a common occurrence and are predisposed to errors as
aresult of interruptions and high workload. Moreover, the Institute of Medicine
reported that a majority of treatment delays are a result of communication errors
associated with shift change. A simulation model was developed to test various
physician to patient assignment policies to minimize the number of handoffs
and reduce the workload at the end of a shift. Using a policy that restricts a
physician from receiving high acuity patients in the last two hours of the shift,
as well as limits the maximum number of patients per physician to five, the
number of handoffs can be reduced by as much as 22%.

Evaluating an Emergency Department Care Redesign: A Simulation Approach
/ Breanna P. Swan and Osman Ozaltin (North Carolina State University) and
Sonja Hilburn; Elizabeth Gignac; and George McCammon, Jr. (Southeastern
Health)

Complex interactions between workload variability, uncertain and increas-
ing arrival rates, and resource constraints make it difficult to improve flow in
emergency departments (EDs). This uncertainty causes crowded emergency
departments, long patient lengths of stay, and burnout among care provid-
ers. One way to improve efficiency while maintaining high quality care is by
switching from a siloed unit-based department to a team-based design or pod
system. This paper seeks to compare a pod system against the unit-based design
at Southeastern Health’s ED using a discrete event simulation. Robustness of
the models under a selection of staffing models will be tested with increased
arrival rates and changing workload mix of incoming patients. Ultimately, it is
shown the pod system maintains quality of care metrics while increasing resource
utilization, proving optimization of the pod system schedule and routing can
improve flow in the ED.

The Activity-Entity-Impact Method: Understanding Bottleneck Behavior
of Simulation Models Demonstrated by an Emergency Department Model |
Nikolaus Furian (TU Graz), Cameron Walker and Michael O’Sullivan (Uni-
versity of Auckland), and Dietmar Neubacher and Clemens Gutschi (TU Graz)

Simulation models are often used to gain a better understanding of a system’s
sensitivity to changes in the input parameters. Data gathered during simulation
runs is aggregated to Key Performance Indicators (KPIs) that allow one to assess
amodel’s or system’s performance. KPIs do not provide a deeper understanding
of the causes of the observed output because this is not their primary objective.
By contrast, dynamic bottleneck methods both identify elements that yield the
largest gain in productivity with increased availability and also visualize these
elements over time to enable bottlenecks to be better understood. In this paper
we discuss whether dynamic bottleneck detection methods can be utilized to
identify, measure, and visualize causes of observed behavior in complex models.
We extend standard bottleneck detection methods, and introduce the Activity-
Entity-Impact-Method. The practicality of the method is demonstrated by an
example model of a typical Emergency Department setting.

HYBRID SIMULATION / CAMELLIA 3

Hybrid Modeling
Steffen Strassburger (Technische Universitit Ilmenau)

Broadening Participation in Modelling / Paul A. Fishwick (University of Texas
at Dallas) and Navonil Mustafee (University of Exeter)
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During Summer 2018, the first author spent a summer in Exeter. This summer-
long experience was funded in part by a Leverhulme Trust Visiting Professor
grant award obtained the year before. During the time spent, there were several
trips hosted by other UK institutions, a public lecture on modelling, and interac-
tion with faculty at the University of Exeter, which was the host institution for
the grant. Broadening participation in modelling was a key theme of this visit.
The awardee found that he was spending significant time spanning normally
distinct departments and faculty in a quest to better understand the diverse
nature of modelling. We summarize the key milestones of the visit, and project
how the summer experience might inform the discipline of modelling. Further,
we provide a roadmap for other researchers who may wish to collaborate in
applying for similar grant awards.

Combining Simulation with a Biased-Randomized Heuristic to Develop
Parametric Bonds for Insurance Coverage Against Earthquakes / Christopher
Bayliss (Universitat Oberta de Catalunya, IN3); Alejandro Estrada-Moreno
(Universitat Rovira i Virgili); Angel A. Juan (Universitat Oberta de Catalunya);
and Guillermo Franco and Roberto Guidotti (Guy Carpenter & Company, LLC)

The social and economic impact of natural catastrophes on communities is a
concern for many governments and corporations across the globe. A class of
financial instruments, parametric hedges, is emerging in the (re)insurance market
as a promising approach to close the protection gap related to natural hazards.
This paper focuses on the design of such parametric hedges, which have the
objective of maximizing the risk transferred subject to a budget constraint. With
Greece as a case study, one of the most seismic prone European regions, with
limited seismic insurance penetration, this paper proposes a biased-randomized
algorithm to solve the optimization problem. The algorithm hybridizes Monte
Carlo simulation with a heuristic to generate a variety of solutions. A simula-
tion stage allows for analyzing the payout distribution of each solution. Results
show the impact of the problem resolution on the transferred risk and on the
distribution of triggered payments.

Use of a Combined Discrete Rate and Population Balance Simulation for the
Design and Optimization of a High Shear Agglomeration Process / David
Krahl and David Milburn-Pyle (Kromite, LLC)

The application of a hybrid discrete rate and population balance simulation
model to a high shear agglomeration process provides in-depth and dynamic
insight into how a non-homogeneous product behaves across the entire process
in addition to the individual process component level. By tracking individual
product attributes throughout the process, the customer can size equipment,
design control systems, and optimize process parameters.

INTRODUCTORY TUTORIALS / AZALEA 1

BPMN-based Business Process Modeling and Simulation
Gregory Zacharewicz (IMT Mines Al¢s)

BPMN-based Business Process Modeling and Simulation / Paolo Bocciarelli
(University of Rome Tor Vergata), Andrea D’ Ambrogio (University of Roma
TorVergata), and Andrea Giglio and Emiliano Paglia (University of Rome Tor
Vergata)

A business process (BP) can be defined a set of tasks that are coordinately
performed by an organization to achieve a business goal. M&S (Modeling &
Simulation) techniques are widely and effectively adopted for BP analysis. A
BP M&S approach is typically carried out by first building a simulation model
(from a conceptual model of the BP under analysis), and then producing the
software implementation of the simulation model, so to eventually execute the
simulation code and get the results of interest. The standard language currently
used to define BP models is the OMGs BPMN (Business Process Model and
Notation). This paper presents a BPMN-based M&S approach that introduces a
BPMN extension to specify BP simulation models as annotated BPMN models,
and a domain-specific BP simulation language to specify and execute simula-
tion model implementations, which can be seamlessly derived from annotated
BPMN models by use of automated model transformations.
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INTRODUCTORY TUTORIALS / BALTIMORE 2

Time Warp Simulation on Multi-core Platforms
Joachim Denil (University of Antwerp)

Time Warp Simulation on Multi-core Platforms / Philip A. Wilsey (University
of Cincinnati)

Parallel Discrete Event Simulation (PDES) is concerned with the parallel and
distributed execution of discrete event simulation models. This tutorial reviews
parallel computing and the properties of Discrete Event Simulation (DES)
models and then examines the construction of PDES solutions that use the
Time Warp Synchronization Mechanism. A review of the general challenges
to building high-performance Time Warp Synchronized PDES on multi-core
processors and clusters composed of multi-core processors is presented. These
challenges include considerations of the general quantitative metrics exhib-
ited by DES simulation models as well as a review of the impact that small
overheads and serial portions of a program can have on the potential peak
performance of a parallel solution. Finally, directions for future opportunities
with heterogeneous computing, domain specific hardware solutions, and edge
computing will be explored.

LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 1

Simulation of Transport Logistics
Stefan Schaudt (TU Dortmund)

A Comprehensive Case Study in Last-Mile Delivery Concepts for Parcel Robots
/ Moritz Poeting, Stefan Schaudt, and Uwe Clausen (TU Dortmund University,
Institute for Transport Logistics (ITL))

This study was designed to evaluate innovative last-mile delivery concepts
involving autonomous parcel robots with simulation and optimization. In the
proposed concept, the last mile of parcel delivery is split into a two-tiered
system, where parcels are first transported to a transfer point by conventional
trucks and then delivered with parcel robots on customer demand. The purpose
of this publication is to compare different time slot selection options for cus-
tomers, namely due window and on-demand selection, in the context of city
logistics measures such as access regulations and driving bans for city centers.
An agent-based simulation model is used, including a Geographic Information
System environment and optimization algorithms for allocation and scheduling
of delivery robots. The concept is tested in a comprehensive case study located
in the city center of Cologne (Germany) based on real data from the parcel
delivery company Hermes.

A Post-Brexit Transportation Scenario Analysis for an Agri-Fresh Produce
Supply Chain /| Amr Mahfouz (TU Dublin), Ralf Elbert and Michael Gleser
(TU Darmstadt), and Declan Allen and Amr Arisha (TU Dublin)

The ever-increasing demand for fresh and healthy products initiated an ur-
gency for effective planning for Agri-Fresh Produce Supply Chains (AFPSC).
However, AFPSC faces many challenges, including product vulnerability to
market disruption and limited shelf-life. In case of a no-deal Brexit (i.e., the
UK leaving the EU without an agreement), trade between Ireland and the UK
will most probably be subjected to customs control. In effect, transportation
delays and products deterioration rates will increase. Based on interviews with
an Irish AFPSC forwarder, a simulation model was developed to investigate
different systems’ dynamics and operating rules under different delay patterns
on the (yet non-existent) inner-Irish border. A cost analysis of varying border
regimes favours a more thorough change in operations, e.g., route adjustments.
This paper gives a first indication on how AFPSC forwarders in Ireland can deal
with a no-deal Brexit situation.

Discrete-event Simulation of Driver’s Routing Behavior Rule at a Road Inter-
section / Ben Benzaman (EY) and Erfan Pakdamanian (University of Virginia)

Several factors influence traffic congestion and overall traffic dynamics.
Simulation modelling has been utilized to understand the traffic performance
parameters during traffic congestions. This paper focuses on driver behavior
of route selection by differentiating three distinguishable decisions, which are
shortest distance routing, shortest time routing and less crowded road rout-
ing. This research generated 864 different scenarios to capture various traffic
dynamics under collective driving behavior of route selection. Factors such as
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vehicle arrival rate, behaviors at system boundary and traffic light phasing were
considered. The simulation results revealed that shortest time routing scenario
offered the best solution considering all forms of interactions among the factors.
Overall, this routing behavior reduces traffic wait time and total time (by 69.5%
and 65.72%) compared to shortest distance routing.

MANUFACTURING APPLICATIONS / ANNAPOLIS 4

Smart Manufacturing
Maja Bérring (Chalmers University of Technology)

Transparency and Training in Manufacturing and Logistics Processes in
Times of Industry 4.0 for SMEs / Henning Strubelt and Sebastian Trojahn (Otto
von Guericke University Magdeburg) and Sebastian Lang (Fraunhofer Institute
for Factory Operation and Automation IFF)

Based on our experience from multiple projects in the areas of production plan-
ning, scheduling, and delivery reliability in collaboration with small and medium
enterprises (SMEs), we know that employees continue to change the planned
manufacturing sequence at their workstations. Thus the expected optimum of the
production planning cannot be reached. We will discuss the influence of different
employee behavior patterns on the overall production output. We have developed
a planning tool for optimization of production planning in manufacturing SMEs
by means of simulation. This planning tool can not only support planners and
machine operators, but can also be used as a training tool for employees in
addition to improving the production sequence. It uses behavioral patterns to
increase learning effects and generate higher system understanding on the side
of the employees. In this study we use a simulation model to prove the negative
effects of specific behavioral patterns.

A Lego® Manufacturing System as Demonstrator for a Real-Time Simulation
Proof of Concept / Giovanni Lugaresi, Davide Travaglini, and Andrea Matta
(Politecnico di Milano)

Digital models for planning and control of production systems are a key asset
for manufacturers to gain or maintain their leadership. However, these models
are often based on frameworks that do not take into account the real-time
dimension, hence it is arduous to exploit them for taking short-term decisions
over complex systems. The goal of this work is to prove the applicability of a
Real-Time Simulation (RTS) framework that prescribes to exchange current-
status data from a manufacturing system and to run alternative simulation models
to decide the next moves. For this scope, we exploit a LEGO® Manufacturing
System (LMS) together with a discrete event simulator that plays the role of
its digital model. The results of this proof of concept show that the proposed
framework can effectively be used to find better production rules for a manu-
facturing system in real-time manner.

Infrastructure for Model Based Analytics for Manufacturing / Sanjay Jain (The
George Washington University), Anantha Narayanan (University of Maryland),
and Yung-Tsun Tina Lee (National Institute of Standards and Technology)

Multi-resolution simulation models of manufacturing system, such as the virtual
factory, coupled with analytics offer exciting opportunities to manufacturers to
exploit the increasing availability of data from their corresponding real factory
at different hierarchical levels. A virtual factory model can be maintained as a
live representation of the real factory and used to highly accelerate learning from
data using analytics applications. These applications may range from machine
level to manufacturing management level. While large corporations are already
embarking on model based analytics initiatives, small and medium enterprises
(SMEs) may find it challenging to set up a virtual factory model and analyt-
ics applications due to barriers of expertise and investments in hardware and
software. This paper proposes a shared infrastructure for virtual factory model
based analytics that can be employed by SMEs. A demonstration prototype of
the proposed shared infrastructure is presented.

MASM: SEMICONDUCTOR MANUFACTURING / BALTIMORE 3

Capacity and Production Planning
Stephane Dauzére-Péres (Ecole des Mines de Saint-Etienne)

An Integration of Static and Dynamic Capacity Planning for a Ramping

Fab / Georg Seidel (Infineon Technologies Austria AG), Ching Foong Lee
and Aik Ying Tang (Infineon Technologies (Kulim) Sdn Bhd), Soo Leen Low
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(D-SIMLABTechnologies Pte Ltd), Chew Wye Chan and Boon Ping Gan (D-
SIMLAB Technologies Pte Ltd), Patrick Preuss (D-SIMLAB Technologies
GmbH), Cevahir Canbolat (Infineon Technologies Regensburg GmbH), and
Prakash Manogaran (Infineon Technologies (Kulim) Sdn Bhd)

In the semiconductor industry, production planning is often complicated due to
constantly changing product mixes, reentrant process flows, and high variations
of capacity uptime. In this paper we discuss the combination of static capacity
and dynamic simulation approaches for production planning, highlighting how
these approaches complement each other in our daily business process. The
typical static capacity planning is based on a fixed product lead time, allocating
the production volume of each product to available capacity with an objective
of capacity minimization and a constraint of utilization limit (plan load limit)
to absorb production variability. Whereas the dynamic simulation models the
process of lots flowing through the production line, and consume the capacity at
each process steps, with additional consideration of fab WIP at the beginning of
simulation. With simulation we can additionally provide forecasts for important
production key figures, for example product cycle times and fab flow factor.

A Robust Optimization Approach for Production Planning under Exogenous
Planned Lead Times / Erinc Albey and Thsan Yanikoglu (Ozyegin University)
and Reha Uzsoy (North Carolina State University)

Many production planning models applied in semiconductor manufacturing
represent lead times as fixed exogenous parameters. However, in reality, lead
times must be treated as realizations of released lots’ cycle times, which are in
fact random variables. In this paper, we present a distributionally robust release
planning model that allows planned lead time probability estimates to vary
over a specified ambiguity set. We evaluate the performance of non-robust and
robust approaches using a simulation model of a scaled-down wafer fabrication
facility. We examine the effect of increasing uncertainty in the estimated lead
time parameters on the objective function value and compare the worst-case,
average optimality, and feasibility of the two approaches. The numerical results
show that the average objective function value of the robust solutions are better
than that of the nominal solution by a margin of almost 20% in the scenario
with the highest uncertainty level.

Integrated Planning of Production and Engineering Activities in Semiconduc-
tor Supply Chains: A Simulation Study / Timm Ziarnetzky and Lars Moench
(University of Hagen) and Thomas Ponsignon and Hans Ehm (Infineon)

Running engineering lots is crucial to stay competitive in the semiconductor
market. But production and engineering lots compete for the same expensive
equipment. Therefore, considering them in an integrated way is desirable. In
this paper, we propose two production planning formulations based on linear
programming (LP) for a simplified semiconductor supply chain. The first plan-
ning model is based on reduced capacity for production due to engineering lots,
while the second model directly incorporates engineering activities. Additional
capacity is considered in the latter model due to learning effects that represent
process improvements. Both planning models are based on exogenous lead
times that are an integer multiple of the planning period length. We show by
means of a simulation study for a simplified semiconductor supply chain that
the integrated formulation outperforms the conventional one in a rolling horizon
setting with respect to profit.

MILITARY APPLICATIONS / AZALEA 3

Military Keynote
Andrew Hall (Army Cyber Institute, United States Military Academy)

Cyber Resiliency Wargame Series - Assessing Cyber Risk to Mission for
Combatant Commanders /| Mark W. Lukens (Office of the Undersecretary of
Defense for Acquisition and Logistics)

Cyber resilience is typically examined in a stove-piped fashion and not well
integrated into systems development, operational planning, and acquisition.
Cyber resilience encompasses people, processes, technology and data, BUT
technology is the typical focus of weapon system cyber assessments. Cyber
resiliency requires a mission assessment of system vulnerabilities. However, two
unique perspectives exist within the DoD that need to be integrated. Combatant
Commanders are focused on the “so what” for cyber and have concerns that
include but are not limited to: Theater network operations, alignment of scheme
of maneuver to dynamic key cyber terrain, and a more complex challenge of
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synchronizing authorities, C2 and warfare integration to disrupt and defend kill
chains that impact the scheme of maneuver. Acquisition focused commands
(OSD and services) must concern themselves with Weapon System Resilience
(people, processes, and tools) and enhancing cyber vulnerability assessments.
Tosupport warfighting requirements, they must gain a deep understanding of
mission impacts. When assessing a system of systems architecture (such as
GPS), the analysis must be rooted in systems engineering and address: ¢ Criti-
cal nodes that affect mission performance ¢ Prioritization of risk with a deeper
understanding of threats, vulnerabilities, and mission impact * Rank order
prioritization of investments to exploit (or defend) critical nodes To meet these
challenges, traditional qualitative wargames and exercises can be enhanced with
a combined approach of systems engineering analysis, threat awareness, and
M&S tools to provide a more discrete assessment of offensive cyber impacts
and defensively-oriented cyber resilience.

MARK W. LUKENS is the Senior Operations Research Analyst for Cyber
Analytics within the Office of the Undersecretary of Defense, Acquisition and
Logistics. He has developed and is the wargame director for the Cyber Resil-
iency Wargame series. He is also the lead for the Cyber Mission Model and the
Economics of Cyberspace Operations projects for the Department of Defense.
Dr. Lukens received his PhD in Computational Science from George Mason
University in 2004. He also holds three Master degrees, two from Georgia Tech
in Operations Research and in Industrial Engineering, and one from the U.S.
Army War College (Strategic Studies). In 1986 he graduated first in Operations
Research at the United States Military Academy (USMA). His previous positions
at the Pentagon include Division Chief of Program Development, Army G-8,
Program Analysis and Evaluation; Division Chief of Manpower and Forces
Analysis, Army G-8; Senior Analyst, Projection Forces, OSD Program Analysis
and Evaluation; and Branch Chief and Force Structure Analyst, Army G-1. He
has also been a research staff member at the Institute for Defense Analysis; Mili-
tary Deputy for Army Material Systems Analysis Activity at Aberdeen Proving
Ground; Director of the NATO ISAF Afghanistan Assessment Group in Kabul
(Afghanistan); and an Assistant Professor and Instructor in the Department of
Mathematical Sciences at USMA, West Point. He is a retired Army Colonel with
over 29 years of active service, including experience as an infantry officer and
paratrooper, with service in Desert Storm. He has received a number of awards
and decorations, including the ORSA Military Application Section Award for
the top cadet in Operations Research at USMA; Outstanding Strategic Research
Paper, US Army War College; Defense Superior Service Medal; Legion of Merit
(with 3 Oak Leaf clusters); Bronze Star; Combat Infantryman’s Badge; Ranger
Tab; and Master Parachutist Badge.

MODELING METHODOLOGY / MAGNOLIA 2

Modeling Advanced Dynamic Systems
Hans Vangheluwe (McGill University and University of Antwerp, McGill
University)

Using Simulation to Study the Last to Enter Service Delay Announcement in
Multi-server Queues with Abandonment / Aditya Shah, Anders Wikum, and
Jamol Pender (Cornell University)

The Last to Enter Service (LES) delay announcement is one of the most com-
monly used delay announcements in queueing theory because it is quite simple
to implement. Recent research has shown that using a convex combination of
LES and the conditional mean delay are optimal under the mean squared error
and the optimal value depends on the correlation between LES and the virtual
waiting time. To this end, we show using simulation that it is important to be
careful when using finite queue sizes, especially in a heavy traffic setting. Using
simulation we demonstrate that the correlation between LES and the virtual
waiting time can differ from heavy traffic results and can therefore have a large
impact on the optimal announcement. Finally, we use simulation to assess the
value of giving future information in computing correlations with virtual waiting
times and show that future information is helpful in some settings.

Systems Dynamic Modeling: Planning Beyond the Worker / William J Peck
and Daniel A Finke (The Pennsylvania State University)

Using Systems Dynamic Modeling, we propose a novel formulation that consid-
ers workers as a decision variable with other parameters that are beholden to
known, but random demand. Previous applications within the literature focus
on estimating manpower to meet production demand for a particular process.
We extend that work by including system constraints that are more realistically
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represent the problem under consideration. The proposed model was used to find
configurations of workers, shifts, and work stations that achieve a minimized
deviation between output and demand while maintaining a near constant work-
force. The system under consideration is a manufacturing environment and the
model posits the production of certain product lines that are each composed of
a series of disparate operations. The model was tested using real production data
and the results show that Systems Dynamic Modeling is an effective method in
estimating the long-run resource requirements for the variable demand profiles.

Modeling and Simulation of the Bottlenecks of an Online Reservation System
/ José Carlos Conti, Edson Luiz Ursini, and Paulo Sergio Martins (University
of Campinas (Unicamp))

This work intends to present an analytical and simulation model for an online
reservation system and examine its performance associated with its bottlenecks.
The modeling and evaluation of reservation systems should be carried out
through analytical models, whenever these models are available. However, it
is known that in general, such models have approximations that do not consider
several details of the real world. Because the multiprocessing system in consid-
eration uses database queries (and also uses preemption resume priority) and
has a certain degree of complexity, our approach uses an approximate analytical
model that is validated by a discrete-event simulation model (and vice-versa).
Both models are supported by data obtained from measurements of a real-world
system. Once validated, the model can be analyzed for other input data and
distributions through simulation.

PROJECT MANAGEMENT, CONSTRUCTION / CAMELLIA 2

Simulation for Human-Centric Decision Making
Pingbo Tang (Arizona State University)

Simulation of Spatial Memory for Human Navigation Based On Visual Atten-
tion in Floorplan Review / Yangming Shi and Jing Du (University of Florida)

Human navigation simulation is critical to many civil engineering tasks and is of
central interest to the simulation community. Most human navigation simulation
approaches focus on the classic psychology evidence, or assumptions that still
need further proofs. The overly simplified and generalized assumption of naviga-
tion behaviors does not highlight the need of capturing individual differences
in spatial cognition and navigation decision-making, or the impacts of diverse
ways of spatial information display. This study proposes the visual attention
patterns in floorplan review to be a stronger predictor of human navigation
behaviors. To set the theoretical foundation, a Virtual Reality (VR) experiment
was performed to test if visual attention patterns during spatial information
review can predict the quality of spatial memory, and how the relationship is
affected by the diverse ways of information display, including 2D, 3D and VR.
The results set a basis for future prediction model developments.

Using Combined Discrete-Event/Continuous Modeling for Simulation of
Safety Incidents on Project Networks / Rana Ead, Hady Elkholosy, Amira
Eltahan, Stephen Hague, and Simaan AbouRizk (University of Alberta)

Safety incidents are an expected part of construction; their occurrence leads to
cost and schedule overruns, and sometimes severe worker injury. Incidents can
be reduced through mitigation in the planning phase. To reduce safety incidents,
proper quantification of risk impact is necessary throughout the project. Incor-
porating continuously occurring safety risks within a project network schedule
represented by discrete activities remains challenging. This paper proposes a
methodology for building a combined discrete-event continuous simulation
model to predict safety-incident related schedule delays. An algorithm uses
project information stored in a database to automatically construct a Critical
Path Method (CPM) network in Simphony.NET. The model simulates daily risk
occurrence using a discrete-event process to model reduced project productivity.
An illustrative example is explained, and results are compared with a base case
CPM network. Activities having a higher risk of incident occurrence are recorded
to help practitioners develop proper mitigation strategies during project planning.

A Bayesian-based Approach for Public Sentiment Modeling / Yudi Chen

(George Mason University), Qi Wang (Northeastern University), and Wenying
Ji (George Mason University)
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Public sentiment is a direct public-centric indicator for planning effective
actions. Despite its importance, systematic and reliable modeling of public
sentiment remains untapped in previous studies. This research aims to develop
a Bayesian-based approach for quantitative public sentiment modeling, which
is capable of incorporating the inherent uncertainty of interviewed dataset. This
study comprises three steps: (1) quantifying prior sentiment information and new
sentiment observations with Dirichlet distribution and multinomial distribution
respectively; (2) deriving the posterior distribution of sentiment probabilities
through incorporating the Dirichlet distribution and multinomial distribution via
Bayesian inference; and (3) measuring public sentiment through aggregating
sampled sets of sentiment probabilities with an application-based measure. A
case study on Hurricane Harvey is provided to demonstrate the feasibility and
applicability of the proposed approach. The developed approach also has the
potential for modeling all types of probability-based measures.

SAFETY APPLICATIONS / CAMELIA 4

Accident Response
Vivek Bhatt (Ahmedabad University)

Advanced Assistance Services using Hybrid Ambulance (AASHA) System
/ Parth Patel, Yagnesh Bhadiyadra, Ayush Panara, Akash Rupapara, Prashant
Bajak, and Vivek Bhatt (Ahmedabad University)

According to a report by the World Health Organization (WHO) in 2018, 1.35
million people die each year due to road accidents globally. Post-accident care
plays a very crucial role in reducing fatalities. In a country like India, it is be-
coming increasingly difficult to provide post-accident services on time with an
increase in congestion. In this paper, we propose a system which decreases the
post-accident response time of Emergency Medical Services (EMS) in India by
adding another layer of the patient transport vehicle. The paper discusses a new
system design with simulation model and algorithm. Further, when compared
with the traditional system, it provides an overall time reduction of approximately
3 minutes with a 97% survival rate.

A Risk Minimizing Method of Large Group Decision and its Application
in Engineering Construction Accident Rescue / Jing Cao and Xuanhua Xu
(Central South University) and Bin Pan (Hunan University of Commerce,
Central South University)

Based on the decision risk caused by both the ambiguity of emergency informa-
tion and the large group preference conflict, a risk minimizing method of large
group decision is proposed. First, the decision group is clustered by preferences
to form aggregation preference matrix. Second, the interval-valued intuitionistic
fuzzy (IVIF) distance is proposed in form of intuitionistic fuzzy (IF) number
in order to reduce the loss of preference information. And generalized IVIF
number is also defined. Combining with prospect theory, the IF prospect matrix
of different cluster is obtained by conversion. Then, a optimization model of
large group decision fuzzy conflict entropy is constructed. Prospect matrix and
attribute’s weight are aggregated to figure out the comprehensive prospect values
which decide the ranking of alternatives. Finally, a case analysis of Coal-mine
Engineering Water-penetration Accident Rescue and comparison are used to
illustrate the rationality and effectiveness of above method.

SIMULATION OPTIMIZATION / ANNAPOLIS 1

Bayesian Methods and Input Uncertainty
Barry L. Nelson (Northwestern University)

Rate Analysis for Offline Simulation Online Application / Siyangao Gao (City
University of Hong Kong), Cheng Li (National University of Singapore), and
Jianzhong Du (City University of Hong Kong)

We consider a recently proposed simulation-based decision-making framework,
called offline-simulationonline- application (OSOA). In this framework, simula-
tion experiments are not performed after the target problem is set up with all the
input parameters; instead, they are performed before that with all the possible
parameters that might come up in the target problem. Then, these computational
results are directly used in real time for system evaluation or system optimiza-
tion when the input parameters of the target problem are known. In this paper,
we follow this framework and use stochastic kriging (SK) to model the system
performance from the covariate space. Two measures, namely IMSE and
IPES, are proposed to evaluate the prediction errors for system evaluation and
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system optimization respectively. We establish the convergence rates of these
two measures. They quantify the magnitude of prediction errors for the online
application after a certain period of time is spent for the offline simulation.

A New Reward Function for Bayesian Feasibility Determination / Junying
He and Seong-Hee Kim (Georgia Institute of Technology)

In Bayesian feasibility determination, a typical reward function is either the
0-1 or linear reward function. We propose a new type of reward function for
Bayesian feasibility determination. Our proposed reward function emphasizes
the importance of barely feasible/infeasible systems whose mean performance
measures are close to the threshold. There are two main reasons why the barely
feasible/infeasible systems are more important. First, the overall accuracy on
solving a feasibility determination problem is heavily affected by those difficult
systems. Second, if the decision maker wants to further find the best feasible
system, it is likely that one of the barely feasible/infeasible systems is the best
feasible. We derive a feasibility determination procedure with the new reward
function in a Bayesian framework. Our experiments show that the Bayesian
optimal procedure with the new reward function performs the best in making
correct decisions on difficult systems when compared to existing procedures.

Bayesian Simulation Optimization with Common Random Numbers / Michael
Pearce (University of Warwick, Uber Al Labs); Matthias Poloczek (Uber Al
Labs, University of Arizona); and Juergen Branke (Warwick Business School)

We consider the problem of stochastic simulation optimization with common
random numbers over a numerical search domain. We propose the Knowledge
Gradient for Common Random Numbers (KG-CRN) sequential sampling algo-
rithm, a simple elegant modification to the Knowledge Gradient that incorporates
the use of correlated noise in simulation outputs with Gaussian Process meta-
models. We compare this method against the standard Knowledge Gradient and a
more recently proposed variation that allows for pairwise sampling. Our method
significantly outperforms both baselines under identical laboratory conditions
while greatly reducing computational cost compared to pairwise sampling.

UNCERTAINTY QUANTIFICATION AND ROBUST SIMULATION /
ANNAPOLIS 2

Estimation and Sampling for Dynamic Models
Afrooz Jalilzadeh (Pennsylvania State University)

Dynamic Sampling Procedure for Decomposable Random Networks | Haidong
Li and Yijie Peng (Peking University), Xiaoyun Xu (Ateneo de Manila Uni-
versity), Chun-Hung Chen (George Mason University), and Bernd Heidergott
(Vrije Universiteit Amsterdam)

This research studies the problem of node ranking in a random network. Specifi-
cally, we consider a Markov chain with several ergodic classes and unknown
transition probabilities which can be estimated by sampling. The objective is
to select all of the best nodes in each ergodic class. A sampling procedure is
proposed to decompose the Markov chain and maximize a weighted probability
of correct selection of the best nodes in each ergodic class. Numerical results
demonstrate the efficiency of the proposed sampling procedure.

Estimation and Inference for Non-stationary Arrival Models with a Linear
Trend / Peter Glynn (Stanford University) and Zeyu Zheng (UC Berkeley)

This paper is concerned with building statistical models for non-stationary input
processes with a linear trend. Under a Poisson assumption, we investigate the
use of the maximum likelihood (ML) method to estimate the model and establish
limiting behavior for the ML estimator in an asymptotic regime that naturally
arises in applications with high-volume inputs. We also develop likelihood ratio
tests for the presence of a linear trend and discuss the asymptotic efficiency.
Change-point detection procedures are discussed to identify an unknown point
when the model switches from a stationary mode to non-stationarity with a linear
trend. Numerical experiments on an e-commerce data set are included. Incorpo-
rating a linear trend into an input model can improve prediction accuracy and
potentially enhance associated performance evaluations and decision making.

Sequential Estimation of Steady-state Quantiles: Some New Developments in
Methods and Software / Christos Alexopoulos and David Goldsman (Georgia
Institute of Technology), Anup Mokashi (SAS Institute Inc.), and James Wilson
(NC State University)
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Recent developments are summarized concerning Sequest and Sequem, sequen-
tial procedures for estimating nonextreme and extreme steady-state quantiles
of a simulation output process. The procedures deliver point and confidence-
interval (CI) estimators of a given quantile, where each CI approximately satis-
fies given requirements on its coverage probability and its absolute or relative
precision. The public-domain Sequest software now includes both procedures.
The software is applied to a user-supplied dataset exhibiting warm-up effects,
autocorrelation, and a multimodal marginal distribution. For the simulation
analysis method of standardized time series (STS), we also sketch an elementary
proof of a functional central limit theorem (FCLT) that is needed to develop
STS-based quantile-estimation procedures when the output process satisfies a
conventional density-regularity condition and either (i) a geometric-moment
contraction condition and an FCLT for a related binary process, or (ii) conven-
tional strong-mixing conditions.

VENDOR / BALTIMORE 4
Simulation Software for Manufacturing

Autosched: The Industry Standard for Modeling Semiconductor Operations
Worldwide / Stephen Mulvey (Applied Materials, Inc.)

The AutoSched product from Applied Materials has been developed to ac-
curately simulate the complexities required by production managers needed to
meet customer commitments and improve the utilization of critical resources.
Recent gains in the integration between AutoSched and other Applied Material
products such as APF RTD provide opportunities for even greater returns for
facility productivity initiatives. These advances have made AutoSched one of
the most widely used simulation packages for modeling complex high-tech
manufacturing operations in the world today.

The Application of Simio Scheduling in Industry 4.0 / Devdatta Deo and Alex
Molnar (Simio LLC)

Simulation has traditionally been applied in system design projects where the
basic objective is to evaluate alternatives and predict and improve the long term
system performance. In this role, simulation has become a standard business
tool with many documented success stories. Beyond these traditional system
design applications, simulation can also play a powerful role in scheduling by
predicting and improving the short term performance of a system. In the manu-
facturing context, the major new trend is towards digitally connected factories
that introduce a number of unique requirements which traditional simulation
tools do not address. Simio has been designed from the ground up with a focus
on both traditional applications as well as advanced scheduling, with the basic
idea that a single Simio model can serve both purposes. In this paper we will
focus on the application of Simio simulation in the Industry 4.0 environment.

Tuesday 10:00a.m.-11:30a.m.
ADVANCED TUTORIALS / AZALEA 2

Model-driven Distributed Simulation Engineering
Gregory Zacharewicz (IMT Mines Al¢s)

Model-driven Distributed Simulation Engineering / Paolo Bocciarelli (Univer-
sity of Rome Tor Vergata), Andrea D’ Ambrogio (University of Roma TorVer-
gata), and Andrea Giglio and Emiliano Paglia (University of Rome Tor Vergata)

Simulation-based analysis is widely recognized as an effective technique to
support verification and validation of complex systems throughout their life-
cycle. The inherently distributed nature of complex systems makes the use of
distributed simulation approaches a natural fit. However, the development of a
distributed simulation is by itself a challenging task in terms of effort and required
know-how. This tutorial introduces an approach that applies highly automated
model-driven engineering principles and standards to ease the development of
distributed simulations. The proposed approach is framed around the develop-
ment process defined by the DSEEP (Distributed Simulation Engineering and
Execution Process) standard, as applied to distributed simulations based on the
HLA (High Level Architecture), and is focused on a chain of automated model
transformations. A case study is used in the tutorial to illustrate an example
application of the proposed model-driven approach to the development of an
HLA-based distributed simulation of a space system.
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AGENT-BASED SIMULATION / MAGNOLIA 3

Panel: Credible Agent-based simulation: An Illusion or Only a Step Away?
Bhakti Stephan Onggo (University of Southampton)

Credible Agent-based Simulation - An Illusion or Only a Step Away? / Bhakti
Stephan Onggo (University of Southampton), Levent Yilmaz (Auburn Univer-
sity), Franziska Kliigl (Orebro University), Takao Terano (Chiba University of
Commerce), and Charles M. Macal (Argonne National Laboratory)

During the World Café activity at the 2018 Winter Simulation Conference, we
discussed Agent-based Simulation (ABS) credibility. The topic is important since
credible ABS leads to an impact on society whereby ABS is implemented by
users and they can benefit from it. This paper presents the perspective of three
academic panelists and a practitioner on the credibility of ABS. The discussion
reveals that the increasing use of ABS models to explain social phenomena or
systems that exhibit emergent behavior pose a challenge for model credibility.
Several points and suggestions are raised by the panelists, including evaluating
ABS model credibility via its explanatory power, the multi-dimensionality of
credibility and the role of software engineering approaches.

ANALYSIS METHODOLOGY / ANNAPOLIS 2

Poisson and Gaussian Process Modeling
Xi Chen (Virginia Commonwealth University)

A Spline-based Method for Modelling and Generating a Nonhomogeneous
Poisson Process / Best Contributed Theoretical Paper - Finalist/ Lucy Morgan
(Lancaster University), Barry Nelson (Northwestern University), and Andrew
Titman and David Worthington (Lancaster University)

This paper presents a spline-based input modelling method for inferring the
intensity function of a nonhomogeneous Poisson process (NHPP) given arrival-
time observations. A simple method for generating arrivals from the resulting
intensity function is also presented. Splines are a natural choice for modelling
intensity functions as they are smooth by construction, and highly flexible.
Although flexibility is an advantage in terms of reducing the bias with respect
to the true intensity function, it can lead to overfitting. Our method is therefore
based on maximising the penalised NHPP log-likelihood, where the penalty is
a measure of rapid changes in the spline-based representation. An empirical
comparison of the spline-based method against two recently developed input
modelling techniques is presented, along with an illustration of the method
given arrivals from a real-world accident and emergency (A&E) department.

MISE-optimal Intervals for MNO-PQRS Estimators of Poisson Rate Func-
tions / Huifen Chen (Chung-Yuan University) and Bruce Wayne Schmeiser
(Purdue University)

A Poisson point process is characterized by its rate function. One family of
rate-function approximations is the authors’ MNO--PQRS, which is based
on a piecewise-quadratic function for each equal-width time interval. Fitting
MNO--PQRS is based on the number of observed arrivals in each such interval.
Therefore, the first step in fitting is to choose the number of intervals. Previously
the authors discussed choosing the number of intervals for piecewise-constant
rate functions. Here we extend those ideas to choosing the number of intervals
for MNO--PQRS. Typically, the number of MNO--PQRS intervals is smaller
than the piecewise-constant number. The results can be applied to non-Poisson
arrival times; we do not investigate sensitivity to the Poisson assumptions.

Distributed Variational Inference-based Heteroscedastic Gaussian Process
Metamodeling /| Wenjing Wang and Xi Chen (Virginia Tech)

In this paper, we generalize the variational Bayesian inference-based Gaussian
process (VBGP) modeling approach for handling large-scale heteroscedastic
datasets. VBGP is suitable for simultaneously estimating the underlying mean
and variance functions with a single simulation output available at each design
point. To improve the scalability of VBGP, we consider building distributed
VBGP (DVBGP) models and their hierarchical versions by partitioning a
dataset and aggregating individual subset VBGP predictions based on the
idea of “transductive combination of GP experts.” Numerical evaluations are
performed to demonstrate the performance of the DVBGP models from which
some insights are derived.
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CASE STUDIES / BALTIMORE 5

Manufacturing I1
Matthew Hobson-Rohrer (Diamond Head Associates)

Improving Distribution Center Operations Using a Flexible Conveyor Model
/ Matthew Morton (The Home Depot) and Matthew Hobson-Rohrer (Roar
Simulation)

The Home Depot is using a configurable conveyor model to improve operations
in their distribution centers. As their business grows, some of The Home Depot
material handling automation is being pushed to the limits of its initial design
capacity. This case study describes a case conveyor merge-sort model built by
Roar Simulation for The Home Depot. The Home Depot uses simulation to
develop plans and evaluate operational strategies at their Regional Distribution
Centers (RDC). The model can be used to analyze the operations of eighteen
(18) RDCs across North America. Analytics Professionals at The Home Depot
use this model to perform their own analysis through a customized user inter-
face and AutoMod’s analysis tool AutoStat. The model has helped The Home
Depot make operational and equipment update decisions prior to seasonal peak
demands on their facilities.

Process Balancing of Human-Robot Collaborative Assembly Station Using
Simulation / Ali Ahmad Malik (University of Southern Denmark; LINAK,
Denmark) and Arne Bilberg (University of Southern Denmark)

Collaborative robots (or cobots) are getting attention in manufacturing for high-
mix low-volume production. When used in assembly operations, the process
needs to be balanced to avoid idle times and bottlenecks are adjusted. In this
article, the balancing of a human-robot collaborative assembly-cell is studied
using an industrial case study. The balancing is carried out to evaluate the tasks
that should be automated using cobot. It is different from conventional balanc-
ing problems given the fact that robots have varying speeds depending upon
the distance from the operator, robots have unique skills and are good at some
tasks and not good at some other and flexibility of cobots require that balancing
is done more frequently. First, continues simulation is used to model human
and the robot to estimate the cycle times. Secondly, an event-based simulation
is used to introduce variables such as varying robot speeds and variability due
to human factors.

Using Modeling and Simulation to Evaluate Reconfigurability of Automotive
Assembly Lines / Donggun Lee (Sungkyunkwan University)

To cope with the increasingly short life cycle of products, rapidly changing
markets and customer needs, lots of manufacturing companies are trying to
develop and change their own production lines. To resolve these situations,
Reconfigurable Manufacturing System (RMS) emerged that can adjust rapid
changes in the relevant hardware, software, and system structure with products’
own productivity. Reconfigurability evaluation is an important concept to
determine the optimal alternative for both productivity and flexibility prior to
changes in production or assembly lines in RMS. This paper proposes methodol-
ogy to evaluate reconfigurability using modeling and simulation (M&S) with
automotive assembly lines case.

HEALTHCARE / MAGNOLIA 1

Modeling Care Delivery
Vincent Augusto (Ecole Nationale Superieure des Mines de Saint Etienne)

Simulation Solution Validation for an Integrated Emergency Post | Best
Contributed Applied Paper - Finalist / Martijn Mes and Martijn Koot (Uni-
versity of Twente)

Simulation solution validation concerns the comparison between the expected
and actual performance of a solution provided by a simulation model. Such a
comparison might become challenging when not only the implementation of
the solution changed the environment, but also the processes and data have
changed. We illustrate this challenge using a case study at an Integrated Emer-
gency Post (IEP), which is a collaboration between a general practitioners post
and a hospital’s emergency department to provide out-of-hours emergency
care. After performing a simulation study, our solution has been implemented,
after which data has been gathered for two years. We validated the solution by
performing various comparisons, using simulated and realized performance,
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under the original and changed data and processes, and with and without the
proposed solution. We propose a solution validation framework to structure
these comparisons, and provide key insights regarding solution validation,
using our case study at the [EP.

Clinical Pathway Analysis using Process Mining and Discrete-event Simula-
tion: An Application to Incisional Hernia /| Raksmey Phan (Mines Saint-Eti-
enne), Damien Martin (Medtronic), Vincent Augusto (Mines Saint-Etienne), and
Marianne Sarazin (Institut Pierre Louis d’Epidémiologie et de Santé Publique)

An incisional hernia (IH) is a ventral hernia that develops after surgical trauma
to the abdominal wall, a laparotomy. IH repair is a common surgery that can
generate chronic pain, decreased quality of life, and significant healthcare costs
caused by hospital readmissions. The goal of this study is to analyze the clini-
cal pathway of patients having an IH using a medico-administrative database.
After a preliminary statistical analysis, a process mining approach is proposed
to extract the most significant pathways from the database. The resulting causal
net is converted into a statechart model that can be simulated. The model is used
to understand times of occurrence of complications and associated costs. It en-
ables the simulation of what-if scenarios to propose an improved care pathway
for patients who are the most exposed, using in particular prophylactic mesh
at the time of abdominal wall closure during a laparotomy on hospitalization
costs and readmissions.

Application of Discrete-event Simulation for Planning and Operations Issues
in Mental Healthcare / Sheema Noorain, Kathy Kotiadis, and Maria Paola
Scaparra (University of Kent)

Mental health disorders are on the rise around the world. Inadequate service
provision and lack of access have led to wide gaps between the need for treatment
and service delivery. Despite the popularity of Discrete-event Simulation (DES)
in healthcare planning and operations, there is evidence of limited application of
DES in planning for mental healthcare services. This paper identifies and reviews
all the papers that utilize DES modelling to address planning and operations
issues in mental healthcare services. The aim is to contribute a roadmap for the
future application of DES in mental healthcare services, with an emphasis on
planning and operations.

HYBRID SIMULATION / CAMELLIA 3

Panel: Hybrid Simulation Development: Is it Just Analytics?
David Bell (Brunel University London)

Hpybrid Simulation Development — Is It Just Analytics? / David Bell and Derek
Groen (Brunel University London), Navonil Mustafee (University of Exeter),
Jonathan Ozik (Argonne National Laboratory), and Steffen Strassburger (Tech-
nische Universitét [lmenau)

Hybrid simulations can take many forms, often connecting a diverse range of
hardware and software components with heterogeneous data sets. The scale of
examples is also diverse with both the high-performance computing community
using high-performance data analytics (HPDA) to the synthesis of software
libraries or packages on a single machine. Hybrid simulation configuration and
output analysis is often akin to analytics with a range of dashboards, machine
learning, data aggregations and graphical representation. Underpinning the
visual elements are hardware, software and data architectures that execute hy-
brid simulation code. These are wide ranging with few generalized blueprints,
methods or patterns of development. This panel will discuss a range of hybrid
simulation development approaches and endeavor to uncover possible strategies
for supporting the development and coupling of hybrid simulations.

INTRODUCTORY TUTORIALS / AZALEA 1

Iterative System Computational Foundations and DEVS
Frederick Benaben (IMT Mines Albi, Georgia Tech)

Introduction to Iterative System Computational Foundations and DEVS /
Bernard P. Zeigler (RTSync Corp., University of Arizona)

Theory of Modeling and Simulation: Discrete Event & Iterative System Com-
putational Foundations (Third Edition) follows its predecessors in providing an
authoritative and complete theoretical solution for researchers, graduate students
and working engineers interested in posing and solving problems using the
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tools of computational modeling and simulation. We discuss its main unifying
concept, the iterative systems specification, that enables models at any level of
structure or behavior, to be transparently mapped into the Discrete Event System
Specification (DEVS) formalism. Emphasizing the integration of discrete-event
and continuous modeling approaches, iterative systems specification provides a
sound system-theoretic basis for quantized system and distributed co-simulation
supporting the co-existence of multiple formalisms in model components. This
introductory exposition emphasizes basic intuitive concepts rather than theorems
and proofs that support them. As a running example, we apply the iterative
systems formalism to bridging the cognitive behavior to neural circuits gap.

INTRODUCTORY TUTORIALS / BALTIMORE 2

Domain-Specific Simulation Language Engineering
Joseph Youssef (American University of Beirut, IMT — Mines Alés)

The Fund, tals of D in-specific Simulation Language Engineering /
Simon Van Mierlo (University of Antwerp - Flanders Make vzw); Hans Vang-
heluwe (University of Antwerp - Flanders Make vzw, McGill University); and
Joachim Denil (University of Antwerp - Flanders Make vzw)

Simulationists use a plethora of modelling languages. General-purpose lan-
guages such as C, extended with simulation constructs, give the user access to
abstractions for general-purpose computation and modularization. The learning
curve for experts in domains that are far from programming, however, is steep.
Languages such as Modelica and DEVS allow for a more intuitive definition
of models, often through visual notations and with libraries of reusable com-
ponents for various domains. The semantics of these languages is fixed. While
libraries can be created, the language’s syntax and semantics cannot be adapted
to suit the needs of a particular domain. This tutorial provides an introduction
to modelling language engineering, which allows one to explicitly model all
aspects —in particular, syntax and semantics— of a (domain-specific) modelling
and simulation language and to subsequently synthesize appropriate tooling.
‘We demonstrate the discussed techniques by means of a simple railway network
language using AToOMPM, a (meta)modelling tool.

LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 1

Logistics Decision-Making
Mohammad Dehghani (Northeastern University)

Analyzing Pre-Positioning within a Disrupted Bulk Petroleum Supply Chain
/ Manuel D. Rossetti and Julianna Bright (University of Arkansas)

This paper examines the modeling of disruption events within a bulk petroleum
supply chain through the use of an object-oriented simulation library. We de-
scribe how the library models disruption events and their effects on supply chain
operations. This includes how to specify disruptions, mitigation strategies and
metrics that can be used to assess the impact of the disruption. The modeling
is illustrated via an analysis of a supply chain involving DLA Energy’s bulk
petroleum supply chain as impacted by a category 4 hurricane scenario. The ef-
fectiveness of pre-positioning of inventory within the supply chain is illustrated.

Rolling Horizon Models for Inter-Depot Empty Container Repositioning /
Tejas Ravindra Ghorpade and Narayan Rangaraj (IIT Bombay)

Export customers requesting empty containers in the hinterland areas are serviced
by maintaining sufficient inventory at each regional depot. The supply-demand
imbalance at the regional level is stabilized by repositioning empty containers
between inland depots. We propose an inter-depot empty container repositioning
problem and a heuristic real-time decision algorithm to solve it. Initially, single-
period travel time is considered and three models: Allocation Problem (AP),
Value Approximation Model (SPL-VA), and Node Decomposition Heuristic
(NDH-SP) are presented. The system is simulated over a certain time horizon
by generating real-time supply and demand values, and the system’s evolution is
studied under each of the proposed models. The VA models perform better than
the AP with modest computational effort. The NDH-SP is further generalized
to accommodate multi-period travel times. By simulating this algorithm with
a demand rejection policy, we observe that maximum demand satisfaction is
obtained by allowing medium-sized demand queues at the depots.
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Analyzing the Influence of Costs and Delays on Mode Choice in Intermodal
Transportation by Combining Sample Average Approximation and Discrete-
event Simulation / Ralf Elbert and Jan Philipp Miiller (Technische Universitét
Darmstadt)

Besides transportation costs the punctual delivery of the goods is a key factor
for mode choice in intermodal transportation networks. However, only a lim-
ited number of studies have included stochastic transportation times in Service
Network Design, which refers to decisions regarding transportation mode and
services, so far. The paper on hand combines a Sample Average Approximation
approach with Discrete-event Simulation for Service Network Design with
stochastic transportation times, including the corresponding vehicle routing
problem for road vehicles. The share of orders transported by intermodal road-
rail vs. unimodal road transportation in dependence of costs and delays of the
trains is evaluated for a generic transportation relation in Central Europe, backed
by empirical data for transportation orders and delay distributions. The results
show a strong effect of rail main haulage costs, whereas even for higher train
delays road-rail transportation can still remain competitive.

MANUFACTURING APPLICATIONS / ANNAPOLIS 4

Manufacturing Operations
Christoph Laroque (University of Applied Sciences Zwickau)

Coordinated Control of Multi-zone AVS/RS, Conveyors, and Pick-up Op-
erations in a Warehouse System / Donghuang Li and Jeffrey Smith (Auburn
University) and Yingde Li (Zhejiang University of Technology)

During recent years, Autonomous Vehicle Storage and Retrieval Systems
(AVS/RS) have been widely applied to meet the increasing demand for rapid
and flexible large-scale storage and retrieval tasks. This paper focuses on the
control strategies for coordinating the subsystem operations with regard to the
conveyor system, rack storage system and pick-up system in order to maximize
the system’s throughput capacity and minimize the storage/retrieval times of
items in an e-commerce picking warehouse. The study is based on a large-scale
shoe manufacturer’s warehouse with an eight-zone AVS/RS. We describe a
simulation model that was built to validate the proposed control strategies and
thus provides insights for system management.

Semantic Enrichment of Spato-Temporal Production Data to Determine Lead
Times for Manufacturing Simulation / Carina Mieth (TRUMPF Werkzeug-
maschinen GmbH & Co. KG, TU Dortmund University)

Data from real-time indoor localization systems (RTILS) based on ultra-
wideband (UWB) technology provide spatio-temporal information on the
material flows of production orders on the shop floor. This paper investigates
how historical position data can be used for the determination of lead times and
respective time shares. We propose three different approaches for the enrichment
of spatio-temporal trajectories with process information. Two of them are online
algorithms for the automated posting of process times using either points or areas
of interest. The third is an offline classification problem that minimizes the error
that occurs during the assignment of measurements to processes when generating
semantic trajectories. Furthermore, a sensor fusion concept is presented, which
is necessary to split up the lead times of the operations in smaller time shares
for simulation input modeling.

Utilizing Discrete-event Simulation to Support Conceptual Development of
Production Systems / Hannes Andreasson, John Weman, Daniel Nafors, Jonatan
Berglund, and Bjorn Johansson (Chalmers University of Technology); Karl
Lihnell (PowerCell Sweden AB); and Thomas Lydhig (Semcon AB)

Discrete-event Simulation (DES) is a well-reputed tool for analyzing produc-
tion systems. However, the development of new production system concepts
introduces challenges from uncertainties, frequent concept changes, and limited
input data. This paper investigates how DES should be applied in this context and
proposes an adapted simulation project methodology that sets out to deal with the
identified challenges. Key adaptations include parallel and iterative methodol-
ogy steps, and close involvement of the simulation team in the development of
the new concept. The proposed methodology has been applied and evaluated
in an industrial case study during the development of a new production system
concept. The findings show that the methodology can reduce the impact of the
identified challenges and provide valuable feedback which contributes to the
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development of both the simulation model and the production system concept.
Further, an evaluation of investments in new technology can be better facilitated.

MASM: SEMICONDUCTOR MANUFACTURING / BALTIMORE 3

Qualification and Wafer-to-Order Allocation
Reha Uzsoy (North Carolina State University)

Evaluating the Impact of Dynamic Qualification Management in Semicon-
ductor Manufacturing / Antoine Perraudat (STMicroelectronics/Mines Saint-
Etienne - LIMOS), Stéphane Dauzére-Pérés (Mines Saint-Etienne - LIMOS),
and Philippe Vialletelle (STMicroelectronics)

In semiconductor manufacturing, before executing any operation on a prod-
uct, a machine must be qualified, i.e., certified, to ensure quality and yield
requirements. The qualifications of machines in a work-center are essential to
the overall performance of the manufacturing facility. However, performing
a qualification can be expensive and usually takes time, although the more
qualified the machines, the more flexible the production system. Qualification
management aims at determining the right qualifications at the lowest cost. We
first discuss the limitations of a single period optimization model, in particular
due to capacity losses and delays inherent to qualification procedures. Then,
we motivate and briefly introduce a multi-period optimization model. Finally,
we compare both optimization models in a computational study on industrial
instances from a High Mix/Low Volume (HMLV) production facility with a
high production variability.

Fast Heuristics for Making Qualification Management Decisions in Wafer
Fabs / Denny Kopp and Lars Moench (University of Hagen)

We discuss qualification management problems arising in wafer fabs. Steppers
need to be qualified to process lots of different families. A qualification time
window is associated with each stepper and family. The time window can be
reinitialized as needed and can be extended by on-time processing of lots from
qualified families. Due to the NP-hardness of the qualification management
problem, heuristic approaches are required to tackle large-sized problem in-
stances arising in wafer fabs in a short amount of computing time. We propose
a fast heuristics for this problem. The binary qualification decisions are made
by heuristics while the real-valued quantities for each family and stepper are
determined by linear programming. We conduct computational experiments
based on randomly generated problem instances. The results demonstrate that
the proposed heuristics are able to compute high-quality solutions using short
computing times.

Wafer-to-order Allocation in Semiconductor Back-end Production / Patrick
Christoph Deenen and Jelle Adan (Nexperia, Eindhoven University of Technol-
ogy); Ivo Jean Baptiste Frangois Adan and Alp Akcay (Eindhoven University
of Technology); and Joep Stokkermans (Nexperia)

This paper discusses the development of an efficient algorithm that minimizes
overproduction in the allocation of wafers to customer orders prior to assembly
at a semiconductor production facility. This study is motivated by and tested at
Nexperia’s assembly and test facilities, but its potential applications extend to
many manufacturers in the semiconductor industry. Inspired by the classic bin
covering problem, the wafer allocation problem is formulated as an integer linear
program (ILP). A novel heuristic is proposed, referred to as the multi-start swap
algorithm, which is compared to current practice, other existing heuristics and
benchmarked with a commercial optimization solver. Experiments with real-
world data sets show that the proposed solution method significantly outperforms
current practice and other existing heuristics, and that the overall performance
is generally close to optimal. Furthermore, some data processing steps and
heuristics are presented to make the ILP applicable to real-world applications.

MILITARY APPLICATIONS / AZALEA 3

Emerging Simulation Techniques for Data Farming and Advanced Ana-
Iytics

Stephen Gillespie (U.S. Army)

A Data Farming Analysis of a Simulation of Armstrong’s Stochastic Salvo

Model /| Gokhan Kesler (Turkish Air Force) and Thomas Lucas and Paul Sanchez
(Naval Postgraduate School)
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In 1995, Retired Navy Captain Wayne Hughes formulated a salvo model for
assessing the military worth of warship capabilities in the missile age. Hughes’
model is deterministic, and therefore provides no information about the distri-
bution of outcomes that result from inherently stochastic salvo exchanges. To
address this, Michael Armstrong created a stochastic salvo model by transform-
ing some of Hughes’ fixed inputs into random variables. Using approximations,
Armstrong provided closed-form solutions that obtain probabilistic outcomes.
This paper investigates Armstrong’s stochastic salvo model using data farming.
By using a sophisticated design of experiments to run a simulation at thousands
of carefully selected input combinations, responses such as ship losses are
formulated as readily interpretable regression and partition tree metamodels
of the inputs. The speed at which the simulation runs suggests that analysts
should directly use the simulation rather than resorting to approximate closed-
form solutions.

Data Farming Services: Micro-Services for Facilitating Data Farming in
NATO / Daniel Huber (Fraunhofer IAIS), Gary Horne (MCR Global), Jan
Hodicky (University of Defence), Daniel Kallfass (Airbus Defence and Space
GmbH), and Nico de Reus (TNO)

In this paper the concept and architecture of Data Farming Services (DFS)
are presented. DFS is developed and implemented in NATO MSG-155 by a
multi-national team. MSG-155 and DFS are based on the data farming basics
codified in MSG-088 and the actionable decision support capability developed
in MSG-124. The developed services are designed as a mesh of microservices
as well as an integrated toolset and shall facilitate the use of data farming in
NATO. This paper gives a brief description of the functionality of the services
and the use of them in a web application. It also presents several use cases with
current military relevance, which were developed to verify and validate the
implementation and define requirements. The current prototype of DFS was and
will be tested at the 2018 and 2019 NATO CWIX exercises, already proving
successful in terms of deployability and usability.

Improving Record Linkage for Counter-Threat Finance Intelligence with
Dynamic Jaro-Winkler Thresholds / 1an P. Kloo and Matthew F. Dabkowski
(U.S. Military Academy) and Samuel H. Huddleston (Biocore, LLC)

Counter-Threat Finance Intelligence (CTFI) is a discipline within the U.S. intel-
ligence enterprise that illuminates and prosecutes terrorist financiers and their
supporting networks. Relying on voluminous, disparate financial data, efficient
and accurate record linkage is critical to CTFI, as successful prosecutions and
asset seizures hinge on the association of designated, nefarious entities with
financial transactions falling under U.S. jurisdiction. The Jaro-Winkler (J-W)
algorithm is a well-known, widely-used string comparator that is often employed
in these record linkage problems. Despite J-W’s popularity, there is no academic
consensus on the threshold score at which strings should be considered likely
matches. In practice, J-W thresholds are selected somewhat arbitrarily, or with
little justification. This paper uses a simulative approach to identify optimal
J-W thresholds based on an entity pair’s string lengths, thereby improving the
lead-discovery process for CTFI practitioners.

MODELING METHODOLOGY / MAGNOLIA 2

Modeling and Simulation Methodologies for Networking Applications
Simon J. E. Taylor (Brunel University London)

First Steps in Creating a Methodology to Develop and Test Scheduling Policies
for IoT / Paula Verghelet (Universidad de Buenos Aires) and Esteban Mocskos
(Universidad de Buenos Aires, CSC-CONICET)

Internet of Things (IoT) refers to a paradigm in which all objects can send in-
formation and collaborate with their computing resources through the Internet.
The combination of Fog and Cloud Computing defines a distributed system
composed of heterogeneous resources interconnected by different communica-
tion technologies. Despite its theoretical capacity, using these computational
resources poses a challenge to distributed applications and scheduling poli-
cies. In this work, we show the initial steps in developing a tool to support the
creation of scheduling policies combining simulation and validation. We show
the details to be considered when selecting and configuring the different layers
of software. To evaluate the proposal, we use a segmentation method in both
platforms and a theoretical model to predict the total compute time. Our results
show that both simulation and validation platforms agree in the obtained results
which also can be explained in terms of a theoretical model.
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Internet-based Adaptive Distributed Simulation of Mobile Ad-hoc Networks |
Gabriele D’ Angelo and Stefano Ferretti (University of Bologna) and Gary Tan
(National University of Singapore)

In this paper we focus on Internet-based simulation, a form of distributed simu-
lation in which a set of execution units that are physically located around the
globe work together to run a simulation model. This setup is very challenging
because of the latency/variability of communications. Thus, clever mechanisms
must be adopted in the distributed simulation, such as the adaptive partitioning
of the simulated model and load balancing strategies among execution units.
We simulate a wireless model over a real Internet-based distributed simulation
setup, and evaluate the scalability of the simulator with and without the use
of adaptive strategies for both communication overhead reduction and load-
balancing enhancement. The results confirm the viability of our approach to
build Internet-based simulations.

Digital Twin Modeling, Co-Simulation and Cyber Use-Case Inclusion Meth-
odology for 1oT Systems / Saurabh Mittal, Andreas Tolk, Andrew Pyles, Nicolas
Van Balen, and Kevin Bergollo (The MITRE Corporation)

Cyber Physical Systems (CPS) and Internet of Things (IoT) communities are
often asked to test devices regarding their effects on underlying infrastructure.
Usually, only one or two devices are given to the testers, but hundreds or thou-
sands are needed to really test 0T effects. This proposition makes IoT Test &
Evaluation (T&E) cost and management prohibitive. One possible approach
is to develop a digital twin of the IoT device and employ many replicas of the
twin in a simulation environment comprising of various simulators that mimic
the IoT device’s operational environment. Cyber attack experimentation is a
critical aspect of IoT T&E and without such a virtual T&E environment, it is
almost impossible to study large scale effects. This paper will present a digital
twin engineering methodology as applicable to IoT device T&E and cyber
experimentation.

NETWORKS AND COMMUNICATION / CAMELIA 4

Networking and Communications
Jason Liu (Florida International University)

Validating Agent-based Models of Large Networked Systems | Madhav
Marathe, Abhijin Adiga, Chris Barrett, Stephen Eubank, Chris Kuhlman, Hen-
ning Mortveit, S.S. Ravi, Daniel J. Rosenkrantz, Richard E. Stearns, Samarth
Swarup, and Anil Vullikanti (University of Virginia)

The paper describes a systematic approach for validating real-world biological,
information, social and technical (BIST) networks. BIST systems are usually
represented using agent-based models and computer simulations are used to
study their dynamical (state-space) properties. Here, we use a formal representa-
tion called a graph dynamical system (GDS). We present two types of results.
First we describe four real-world validation studies spanning a variety of BIST
networks. Various types of validation are considered and unique challenges
presented by each domain are discussed. Each system is represented using
the GDS formalism. This illustrates the power of the formalism and enables a
unified approach for validation. We complement the case studies by presenting
new theoretical results on validating BIST systems represented as GDSs. These
theoretical results delineate computationally intractable and efficiently solvable
versions of validation problems.

A Parallel Simulation Platform for Train Communication Networks |/ Xin
Liu and Dong Jin (Illinois Institute of Technology) and Tairan Zhang (CRRC
Zhuzhou Institute Co., Ltd)

The next-generation of railway systems are increasingly adopting new and
advanced communication technology to boost control efficiency. The chal-
lenges of this transition arising from the mission-critical and time-critical
nature of railway control systems are to meet specific requirements, such as
continuous availability, (close to) real-time operations, function correctness
despite operational errors and growing cyber-attacks. In this work, we develop
S3FTCN, a simulation platform to evaluate the on-board train communication
network (TCN). S3FTCN is composed of a parallel discrete-event simulation
kernel and a detailed packet-level TCN simulator. S3FTCN demonstrates good
scalability to support large-scale network experiments using parallel simulation.
We also conduct a case study of a double-tagging VLAN attack to illustrate the
usability of S3FTCN.
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SDN Resiliency to Controller Failure in Mobile Contexts / David Nicol and
Rakesh Kumar (University of Illinois at Urbana-Champaign)

Software defined networking (SDN) is a technology for management of com-
puter networks. We are interested in SDNs where the switches are mounted
on vehicles, the controller is airborne, and connectivity changes dynamically
as a result of vehicular movement. The challenge of interest is that when a
controller fails the switches are left with whatever configuration they had at the
point of failure. Without a controller, as the switches move and links become
unuseable, flows configured to use those links are broken unless the configura-
tion has anticipated such events and provided alternative routes. We describe
a high fidelity SDN network simulator which uses snapshots of actual switch
configurations and analyzes their resilience to impacts of controller failure. We
propose an algorithm for backup paths which is guaranteed to not cause loops,
and conduct a simulation study to understand the types of domains where have
the greatest impact on network performance.

RISK ANALYSIS / ANNAPOLIS 3

Safety and Environmental Applications
Sam L. Savage (ProbabilityManagement.org)

How to Supplement the Safety Requirements / Stan Uryasev and Giorgi Pertaia
(University of Florida)

Safety requirements based on Probability of Exceedance (POE) take into ac-
count only probabilities, but do not control magnitude of outcomes in the tail
of the probabilistic distribution. The requirements do not constrain very large
outcomes leading to industrial catastrophes. The paper shows how to upgrade
safety requirements with the Buffered Probability of Exceedance (bPOE). The
bPOE risk function equals a tail probability with known mean of the tail (i.e.,
it is a probability of the tail such that the mean of the tail equals to the specified
value). The paper considers two application areas: 1) Credit ratings of financial
synthetic instruments (e.g., AAA, AA, ... credit ratings); 2) Materials strength
certification (A-basis, B-basis).

Probabilistic Design of Sustainable Reinforced Concrete Infrastructure
Repairs Using SIPmath / Melissa Zirps and Michael D. Lepech (Stanford
University) and Sam L. Savage (ProbabilityManagement.org)

The design, construction, and operation of civil infrastructure that is more en-
vironmentally, socially, and economically responsible over its life cycle from
extraction of raw materials to end of life is increasingly desirable worldwide. This
paper presents a probabilistic framework for the design of civil infrastructure
that achieves targeted improvements in quantitative sustainability indicators.
The framework consists of two models: (i) probabilistic service life prediction
models for determining the time to infrastructure repair, and (ii) probabilistic
life cycle assessment (LCA) models for measuring the impact of a given repair.
Specifically, this paper introduces a new mathematical approach, SIPmath, to
simplify this design framework and potentially accelerate adoption by civil
infrastructure designers. A reinforced concrete bridge repair in Norway is used
as a case study to demonstrate STPmath implementation. The case study shows
that SIPmath allows designers to engage in sustainable design using probabilistic
methods using the native, user-friendly Microsoft Excel® interface.

Analyzing Emergency Evacuation Strategies for Large Buildings Using
Crowd Simulation Framework / Imran Mahmood, Talha Nadeem, and Faiza
Bibi (Center for Research in Modeling & Simulation (CRIMSON), National
University of Sciences and Technology) and Xiaolin Hu (Department of
Computer Science, Georgia State University)

The occurrence of natural or man-made emergencies can be quite complex and
demand flawless preparedness, through tested strategies, in order to ensure the
safety of the individuals. For large-scale infrastructures, whether commercial
or residential, having a reliable evacuation strategy is crucial. Formulation and
evaluation of these evacuation strategies is however a daunting challenge. In
this paper, we propose a Crowd Simulation and Analysis framework for the
formulation and evaluation of effective evacuation strategies in large build-
ings, using real-scale building structures and agent-based approach. We further
propose an algorithm to devise an evacuation strategy. We first demonstrate the
functionality of our algorithm using a simplistic example and then apply the
algorithm in a campus evacuation case study using three scenarios. The main
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goal of this research is to assist regulatory authorities in developing effective
disaster management plans through the use of M&S methods and tools.

SIMULATION OPTIMIZATION / ANNAPOLIS 1

Deterministic and Discrete Simulation Optimization
Logan Mathesen (Arizona State University)

A New Partition-based Random Search Method for Deterministic Optimi-
zation Problems |/ Ziwei Lin (Shanghai Jiao Tong University, Politecnico di
Milano); Andrea Matta (Politecnico di Milano); and Shichang Du (Shanghai
Jiao Tong University)

The Nested Partition (NP) method is efficient in large-scale optimization
problems. The most promising region is identified and partitioned iteratively.
To guarantee the global convergence, a backtracking mechanism is introduced.
Nevertheless, if inappropriate partitioning rules are used, lots of backtracking
occur reducing largely the algorithm efficiency. A new partition-based random
search method is developed in this paper. In the proposed method, all generated
regions are stored for further partitioning and each region has a partition speed
related to its posterior probability of being the most promising region. Promising
regions have higher partition speeds while non-promising regions are partitioned
slowly. The numerical results show that the proposed method finds the global
optimum faster than the pure NP method if numerous high-quality local optima
exist. It can also find all the identical global optima, if exist, in the studied case.

R-MGSPLINE: Retrospective Multi-gradient Search for Multi-objective
Simulation Optimization on Integer Lattices / Eric A. Applegate and Susan
R. Hunter (Purdue University)

We introduce the R-MGSPLINE (Retrospective Multi-Gradient Search with
Piecewise Linear Interpolation and Neighborhood Enumeration) algorithm for
finding a local efficient point when solving a multi-objective simulation optimi-
zation problem on an integer lattice. In this nonlinear optimization problem, each
objective can only be observed with stochastic error and the decision variables
are integer-valued. R-MGSPLINE uses a retrospective approximation (RA)
framework to repeatedly call the MGSPLINE sample-path solver at a sequence
of increasing sample sizes, using the solution from the previous RA iteration as
awarm start for the current RA iteration. The MGSPLINE algorithm performs a
line search along a common descent direction constructed from pseudo-gradients
of each objective, followed by a neighborhood enumeration for certification.
Numerical experiments demonstrate R-MGSPLINE’s empirical convergence
to a local weakly efficient point.

Subspace Communication Driven Search for High Dimensional Optimization
/ Logan Mathesen, Kaushik Keezhnagar Chandrasekar, Xinsheng Li, Giulia
Pedrielli, and Selcuk Candan (Arizona State University)

Global optimization techniques often suffer the curse of dimensionality. In an
attempt to face this challenge, high dimensional search techniques try to identify
and leverage upon the effective, lower, dimensionality of the problem either in the
original or in a transformed space. As a result, algorithms search for and exploit
a projection or create a random embedding. Our approach avoids modeling of
high dimensional spaces, and the assumption of low effective dimensionality.
We argue that effectively high dimensional functions can be recursively opti-
mized over sets of complementary lower dimensional subspaces. In this light,
we propose the novel Subspace COmmunication for OPtimization (SCOOP)
algorithm, which enables intelligent information sharing among subspaces such
that each subspace guides the other towards improved locations. The experiments
show that the accuracy of SCOOP rivals the state-of-the-art global optimization
techniques, while being several orders of magnitude faster and having better
scalability against the problem dimensionality.

VENDOR / BALTIMORE 4

Simulation Software Ecosystems

Introduction to Simio / Daniel Houck and Caleb Whitehead (Simio LLC)
This paper describes the SimioTM modeling system that is designed to simplify
model building by promoting a modeling paradigm shift from the process

orientation to an object orientation. Simio is a simulation modeling framework
based on intelligent objects. The intelligent objects are built by modelers and then
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may be reused in multiple modeling projects. Although the Simio framework is
focused on object-based modeling, it also supports a seamless use of multiple
modeling paradigms including event, process, object, systems dynamics, agent-
based modeling, and Risk-based Planning and scheduling (RPS).

Integrating Simulations with MATLAB and Simulink / Teresa Hubscher-
Younger, Weiwu Li, and Haihua Feng (MathWorks)

Simulink, a model-based design environment, is often used in the design, simula-
tion, testing, and building of physical or software systems. These systems often
involve a number of different, interconnected components with a high amount
of complexity. To simulate these models, a number of different types of solvers
can be employed, which the product characterizes as fixed-step, variable-step,
continuous, discrete and discrete-event. To simulate a model with multiple
solvers, co-simulation can be employed. Co-simulation and parallel simulation
capabilities in Simulink, along with the visualization and analysis capabilities of
MATLAB, allow one to generate a more complete simulation and better under-
stand the results. Simulink also allows for multiple 3rd-party tool connections
and hand-integration, along with co-simulation. The product can also leverage
parallel techniques to scale-up and improve performance of experiments with
multiple simulations. MATLAB and Simulink have developed technology and
strategies for integrating simulations for these situations, which will be discussed.

Tuesday 12:20p.m.-1:20p.m.
TITANS OF SIMULATION / WOODROW WILSON BALLROOM

Titan Talk: Peter Glynn
Peter ] Haas (UMass Amherst)

Uncertainty and Risk: Simulations, Stochastics and Statistics / Peter Glynn
(Huang Engineering Center)

Simulation has become the critical tool in understanding uncertainty in a wide
range of disciplines. In this talk, we will discuss how simulation is influenc-
ing both stochastics and statistics, and also discuss insights for the simulation
modeler that derive from these methodological areas. We will also talk about
how the interactions between simulation, stochastics, and statistics are chang-
ing in light of advances in machine learning, increasing data volumes, and the
growing availability of inexpensive parallel computing platforms.

PETER W. GLYNN is the Thomas Ford Professor in the Department of Man-
agement Science and Engineering at Stanford University. He is a Fellow of
INFORMS and of the Institute of Mathematical Statistics, has been co-winner
of Best Publication Awards from the INFORMS Simulation Society in1993,
2008, and 2016, and was the co-winner of the John von Neumann Theory Prize
from INFORMS in 2010. In 2012, he was elected to the National Academy of
Engineering. His research interests lie in stochastic simulation, queueing theory,
and statistical inference for stochastic processes.

Tuesday 1:30p.m.-3:00p.m.
ADVANCED TUTORIALS / AZALEA 2

Enterprise Operating System (EOS)
Andreas Tolk (The MITRE Corporation)

Enterprise Operating System (EOS) in Action: Distributed Simulation of
Enterprise Activities and Operations / Joseph Youssef (American University
of Beirut) and Gregory Zacharewicz (IMT — Mines Al¢s)

Operating System (OS) is a well-known concept in computer science as an
interface between human and computer hardware (Windows, 10S...). In the
perspective of developing future generation of enterprise systems based on
IoT and Cyber-Physical System principles, this paper proposes to develop
an Enterprise Operating System (EOS). Unlike ERP, which is defined as a
platform that allows the organization at the operational level to use a system of
integrated applications in order to automate many back office functions related to
technology and services; and unlike the Best of Breed (BOB), which is defined
as a leading software that focuses on providing the features and functions for
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one component in the value chain by maintaining multiple systems; EOS will
act as an interface between enterprise business managers and resources for
supporting the distributed simulations and allowing interoperability over the
heterogeneous environments by ensuring real time monitoring and control of
enterprise operations.

ANALYSIS METHODOLOGY / ANNAPOLIS 2

Estimation Methodology
Ben Feng (University of Waterloo)

Minimax Efficient Finite-difference Gradient Estimators / Henry Lam (Co-
lumbia University) and Xuhui Zhang (University of Science and Technology
of China)

We consider stochastic gradient estimation when only noisy measurements of
the function are available. A standard approach is to use the finite difference
method or its variants. While natural, it is open to our knowledge whether its
statistical accuracy is the best possible. This paper argues that this is nearly
so in a well-defined minimax sense. In particular, we show that central finite-
difference is an optimal zeroth-order derivative estimator among the class of
linear estimators, over the worst-case scenario among a wide class of twice
differentiable functions. This optimality is achieved exactly for any finite sample
in the single-dimensional case, and nearly (up to a multiplicative factor) in the
multi-dimensional case. We also show that the same estimator is nearly optimal
among the much larger class of all (nonlinear) estimators. We utilize elementary
techniques for the linear minimax results and Le Cam’s method for the general
minimax counterparts.

Unbiased Estimation of the Reciprocal Mean for Non-negative Random
Variables / Sarat Babu Moka and Dirk P. Kroese (The University of Queensland)
and Sandeep Juneja (Tata Institute of Fundamental Research)

Inrecent years, Monte Carlo estimators have been proposed that can estimate the
ratio of two expectations without bias. We investigate the theoretical properties
of a Taylor-expansion based estimator of the reciprocal mean of a non-negative
random variable. We establish explicit expressions for the computational ef-
ficiency of this estimator and obtain optimal choices for its parameters. We
also derive corresponding practical confidence intervals and show that they are
asymptotically equivalent to the maximum likelihood (biased) ratio estimator
as the simulation budget increases.

Efficient Estimation of the Mean Hitting Time to a Set of a Regenerative
System / Marvin K. Nakayama (New Jersey Institute of Technology) and Bruno
Tuffin (Inria, University of Rennes)

We consider using simulation to estimate the mean hitting time to a set of states
in a regenerative process. A classical simulation estimator is based on a ratio
representation of the mean hitting time, using crude simulation to estimate the
numerator and importance sampling to handle the denominator, which cor-
responds to a rare event. But the estimator of the numerator can be inefficient
when paths to the set are very long. We thus introduce a new estimator that
expresses the numerator as a sum of two terms to be estimated separately. We
provide theoretical analysis of a simple example showing that the new estimator
can have much better behavior than the classical estimator. Numerical results
further illustrate this.

CASE STUDIES / BALTIMORE 5

Manufacturing I11
Devdetta Deo (Simio LLC)

Multi-paradigm Simulation for Layout Definition and Operational Opti-
mization at Tenaris Bay City Facility / Gaston Arakaki, Pilar Crosta Blanco,
Ramiro Vasquez, and Gabriel Goyheix (Buenos Aires Institute of Technology
(ITBA), Eurystic)

A worldwide leading supplier of tubes for energy industry and other industrial
applications dealt with a huge business challenge during 2012: the construction
of a new facility in Bay City, Texas, which would operate with an automatic
system for WIP handling operation in their warehouse, a revolutionary man-
agement system for the company and the industry. A multi-paradigm simula-
tion was developed to analyze different scenarios, define the best investment
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plan and minimize risks. Numerous heuristics were also used to generate the
requirements for the future WMS. During 2018, once the facility started its
operations, the simulation model was adjusted to the real operation conditions,
allowing the study of the strategy to close the gap between the current and the
optimal warehouse management. During 2019, a new challenge came up: use
the simulation for daily operative optimization, giving visibility to potential
limitations in the WH handling capacity.

Using Operational Approaches to Predict the Performance of Large-scale
Shuttle-vehicle-type Mini-load AS/RS Systems / Rie Gaku (Momoyama Gakuin
University) and Soemon Takakuwa (Chuo University, Nagoya University)

As ever more automated storage and retrieval systems (AS/RSs) are in frequent
use in dynamic logistics environments around the world, using various opera-
tional approaches to evaluate AS/RS performance becomes a more complex
challenge for logistics managers. In this paper, simulation models are developed
considering the approaches of both operational priorities and storage location
allocation. The aims are to visualize the dynamic operation processes easily
and provide rapid performance evaluation of shuttle-vehicle-type mini-load
AS/RSs in a dynamic logistics environment. The simulation results show that
performance indicators such as the inventory turnover and the average total flow
time for storage and retrieval operations under different operational-priority rules
are applicable to methods for enhancing customer satisfaction by shortening the
lead time from merchandise ordering to customer delivery.

COMPLEX, INTELLIGENT, ADAPTIVE AND AUTONOMOUS SYS-
TEMS / MAGNOLIA 3

Behavioral Modeling and Experimentation for Complex Systems
Saurabh Mittal (MITRE Corp.)

Learning to Forget: Design of Experiments for Line-based Bayesian Op-
timization in Dynamic Environments / Jens Jocque, Tom Van Steenkiste,
Pieter Stroobant, Rémi Delanghe, Dirk Deschrijver, and Tom Dhaene (Ghent
University — imec)

Various scientific and engineering fields rely on measurements in 2D spaces to
generate a map or locate the global optimum. Traditional design of experiments
methods determine the measurement locations upfront, while a sequential ap-
proach iteratively extends the design. Typically, the cost of traveling between
sample locations can be ignored, for example in simulation experiments. In
those cases, the experimental design is generated using a point-based method.
However, if traveling towards the next sample location incurs an additional
cost, line-based sampling methods are favored. In this setting, the sampling
algorithm needs to generate a route of measurement locations. A common
engineering problem is locating the global optimum. In certain cases, such as
fire hotspot monitoring, the location of the optimum dynamically changes. In
this work, an algorithm is proposed for sequentially locating dynamic optima
in a line-based setting. The algorithm is evaluated on two dynamic optimization
benchmark problems.

Impacts of Behavioral Modeling Assumptions for Complex Adaptive Systems:
An Evaluation of an Online Dating Model /| Andrew Turner (Self) and Jennifer
Kuczynski (MITRE)

This paper investigates the impact of behavioral modeling assumptions for
a Complex Adaptive System (CAS) model. We hypothesize that behavioral
models can be overconfident in their predictions due to the challenges of mod-
eling behavior. Supporting this hypothesis, this paper discusses the challenges
of modeling behavior, presents a CAS example problem to design an online
dating app, models the dating app as a CAS, and investigates the impacts of
different behavioral models on the design. This paper shows how similar be-
havioral models can have a significant impact on the simulation results. This
paper highlights the challenge our community faces moving forward with valid
behavioral models. Finally, we call for the community at large to address these
challenges by collaboratively researching and comparing behavioral models so
as to guide future modelers.

Task Selection by Autonomous Mobile Robots in a Warehouse Using Deep
Reinforcement Learning / Maojia P. Li, Prashant Sankaran, Michael E. Kuhl,
Raymond Ptucha, Amlan Ganguly, and Andres Kwasinski (Rochester Institute
of Technology)
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We introduce a deep Q-network (DQN) based model that addresses the dispatch-
ing and routing problems for autonomous mobile robots. The DQN model is
trained to dispatch a small fleet of robots to perform material handling tasks in
avirtual, as well as, in an actual warehouse environment. Specifically, the DQN
model is trained to dispatch an available robot to the closest task that will avoid
or minimize encounters with other robots. Based on a discrete-event simulation
experiment, the DQN model outperforms the shortest travel distance rule in
terms of avoiding traffic conflicts, improving the makespan for completing a
set of tasks, and reducing the mean time in system for tasks.

HEALTHCARE / MAGNOLIA 1

Simulation Models as Decision Support Tools in Practice
Navonil Mustafee (University of Exeter)

A Management Flight Simulator of an Intensive Care Unit / Daniel Garcia-
Vicuiia and Fermin Mallor (Public University of Navarre); Laida Esparza (Na-
varre Hospital Compound, UPNA); and Pedro Mateo (Universitiy of Zaragoza)

Management Flight Simulators (MFS) supply a simulated environment in which
managers can learn from experience in a controlled setting. Although its use
is usual in other areas, no such software has been developed to learn about the
complexity of the Intensive Care Unit (ICU) management. This paper describes
an MFS of ICUs which includes main features that distinguish it from other
simulators such as the evolution of patients” health status and the recreation of
real discharge and admission processes. The mathematical model is a discrete-
event simulation model in which different types of patients arrive at the ICU
(emergency and scheduled patients). The user manages the simulated ICU by
deciding about their admission or diversion and which inpatients are discharged.
The analysis of recorded data is used to detect controversial scenarios and to
understand how physicians’ decisions are made.

A Hybrid Modelling Approach using Forecasting and Real-Time Simulation
to Prevent Emergency Department Overcrowding / Alison Harper and Navonil
Mustafee (University of Exeter)

Emergency Department (ED) overcrowding is a pervasive problem worldwide,
which impacts on both performance and safety. Staff are required to react and
adapt to changes in demand in real-time, while continuing to treat patients. These
decisions and actions may be supported by enhanced system knowledge. This
is an application of a hybrid modelling approach for short-term decision sup-
port in urgent and emergency healthcare. It uses seasonal ARIMA time-series
forecasting to predict ED overcrowding in a near-future moving-window (1-4
hours) using data downloaded from a digital platform (NHSquicker). NHS-
quicker delivers real-time wait-times from multiple centers of urgent care in
the South-West of England. Alongside historical distributions, this data loads
the operational state of a real-time discrete-event simulation model at initializa-
tion. The ARIMA forecasts trigger simulation experimentation of ED scenarios
including proactive diversion of low-acuity patients to alternative facilities in the
urgent-care network, supporting short-term decision-making toward reducing
overcrowding in near real-time.

Evaluating Community-based Integrated Health and Social Care Services:
The SIMTEGRS Approach / Antuela Tako, Stewart Robinson, and Anastasia
Gogi (Loughborough University), Zoe Radnor (University of London), and
Cheryl Davenport (Leicestershire County Council)

This paper introduces a new facilitated simulation approach, called SIMTEGRS,
developed to evaluate the effectiveness of integrated community-based health
and social care services. This involves developing and using simulation models,
which serve as a catalyst for generating discussion about the effectiveness of
the patient pathway and for identifying potential improvements to the service.
The simulation analyst works jointly with different stakeholder groups: service
providers, commissioners, and service users. Service users, a stakeholder group
that can contribute to the knowledge generated in facilitated modelling sessions,
have not been included in facilitated simulation studies reported so far in the
literature. For illustration purposes, the Lightbulb project, a housing support
service helping elderly and frail people in Leicestershire in the UK stay safe at
home, is presented in this paper. The outcomes of the study and the challenges
faced with involving patients in simulation projects are discussed.
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HYBRID SIMULATION / CAMELLIA 3

Hybrid Simulation in Energy and Transportation
Martin Kunc (Southampton Business School)

Hybrid System Modeling Approach for the Depiction of the Energy Consump-
tion in Production Simulations / Best Contributed Applied Paper - Finalist /
Anna Carina Roemer and Steffen Strassburger (Technische Universitét [Imenau)

In many industrial manufacturing companies, energy has become a major cost
factor. Energy aspects are included in the decision-making system of production
planning and control to reduce manufacturing costs. For this priority, the simula-
tion of production processes requires not only the consideration of logistical and
technical production factors but also the integration of time-dependent energy
flows which are continuous in nature. A hybrid simulation, using a continuous
approach to depict the energy demand of production processes in combination
with a discrete approach to map the material flows and logistic processes,
shows the complex interactions between material flow and energy usage in
production closer to reality. This paper presents a hybrid simulation approach
combining System Dynamics, Discrete-event and Agent-based Simulation for
energy efficiency analysis in production, considering the energy consumption in
the context of planning and scheduling operations and applying it to a use-case
scenario of mechanical processing of die-cast parts.

Coupled Traffic Simulation by Detached Translation Federates: An HLA-
based Approach / Moritz Giitlein and Anatoli Djanatliev (FAU Erlangen-
Niirnberg)

Typically, there is more than one possible answer to the question of how to
model and simulate a problem. Combinations of different simulation paradigms
and techniques are currently in vogue and potentially necessary to meet certain
requirements. Besides clear advantages, model combinations tend to increase the
complexity of the overall model building process. Even if different paradigms
are coupled via a middleware, another use case might require reimplementing
the connections. Additionally, users need increased effort to understand how
the results have been generated in composed models. If it is not clear how data
has been transformed from input to output, the trust in simulation is impaired.
In order to counteract, a concept for reusable translation between submodels
is proposed, leading to a better transparency regarding the data flows. We ap-
plied the High Level Architecture based approach to connect a macroscopic, a
mesoscopic, and a microscopic traffic simulation.

Hybrid Simulation to Support Interdependence Modeling of a Multimodal
Transportation Network / Tarana Bipasha, Jose Azucena, Basem Alkhaleel,
Haitao Liao, and Heather Nachtmann (University of Arkansas)

The inland waterways in the United States (U.S.) are used to transport approxi-
mately 20% of America’s coal, 22% of U.S. petroleum products, and 60% of farm
exports making these waterways a significant contributor to the U.S. multimodal
transportation system. In this study, data about natural extreme events affecting
inland waterways are collected and used to predict possible occurrences of such
events in the future using a spatio-temporal statistical model. We also investigate
the waterways disruptions effect on interconnected transportation systems us-
ing a simulation tool built on a statistical model. The developed methods are
centered on inland waterways but can be used broadly for other local, regional
and national infrastructures. A case study based on the Mississippi River and the
McClellan—Kerr Arkansas River Navigation System (MKARNS) is provided to
illustrate the use of the simulation tool in interdependence modeling and decision
making for the operation of a multimodal transportation network.

INTRODUCTORY TUTORIALS / AZALEA 1

Complex Systems Modeling and Analysis
Yentl Van Tendeloo (University of Antwerp)

Complex Systems Modeling and Analysis / Claudia Szabo (The University
of Adelaide)

Undesired or unexpected properties are frequent as large-scale, complex
systems with non-linear interactions are being designed and implemented to
answer real-life scenarios. Modeling these behaviors in complex systems, as
well as analysing the large amounts of data generated in order to determine
the effects of specific behaviors remains an open problem. In this tutorial, we
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explore three main complex systems properties and how they can be modelled
in well known scenarios.

INTRODUCTORY TUTORIALS / BALTIMORE 2

Introduction to Statecharts
Andrea D’ Ambrogio (University of Roma TorVergata)

Introduction to Statecharts Modeling, Simulation, Testing, and Deployment /
Simon Van Mierlo (University of Antwerp) and Hans Vangheluwe (University
of Antwerp, McGill University)

Statecharts, introduced by David Harel in 1987, is a formalism used to specify
the behavior of timed, autonomous, and reactive systems using a discrete-event
abstraction. It extends Timed Finite State Automata with depth, orthogonality,
broadcast communication, and history. Its visual representation is based on
higraphs, which combine hypergraphs and Euler diagrams. Many tools offer
visual editing, simulation, and code synthesis support for Statecharts. Examples
include STATEMATE, Rhapsody, Yakindu, and Stateflow, each implementing
different variants of Harels original semantics. This tutorial introduces model-
ing, simulation, testing, and deployment of Statecharts. We start from the basic
concepts of states and transitions and explain the more advanced concepts of
Statecharts by extending a running example (a traffic light) incrementally. We
use Yakindu to model the example system. This is an updated version of the
paper with the same name that appeared at the Winter Simulation Conference
in 2018 (Van Mierlo and Vangheluwe 2018).

LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 1

Efficient Simulation Applications in Logistics
Reha Uzsoy (North Carolina State University)

Considering Energy-related Factors in the Simulation of Logistics Systems /
Moritz Poeting (TU Dortmund University), Bastian Prell (Fraunhofer Institute
for Machine Tools and Forming Technology), Markus Rabe (TU Dortmund
University), Tobias Uhlig (Universitit der Bundeswehr), and Sigrid Wenzel
(University of Kassel)

Traditionally, aspects such as emissions and energy consumption have to be taken
into account for environmental and economic reasons when it comes to transport.
In other areas of logistics, such as production logistics and intralogistics, the
energy aspect is also becoming increasingly important. Existing literature has
been recently reviewed in a contribution of the Arbeitsgemeinschaft Simulation
(ASIM) to the Winter Simulation Conference 2018 (Uhlig et al. 2018) to develop
amap of common approaches and best practices for manufacturing and logistics
systems. In the paper presented here, as a complement we are focusing on the
application of energy simulation in logistics to give a comprehensive overview
and present exemplary case studies. Furthermore, we show a classification of
approaches to combine energy aspects with simulation. Finally, we will discuss
open questions and future trends in this field of research.

Simulating Profit Loss in Behavioral Newsvendor Problems / Andrea C. Hup-
man and Juan Zhang (University of Missouri-St. Louis)

The newsvendor problem is one of the classic models in inventory management.
Although the optimal order quantity can be calculated, experiments reveal that
decision makers often do not select the optimal quantity. These decision biases
have been well studied, but analysis of the financial risk associated with these
suboptimal decisions is limited. This paper examines the impact on profit by
comparing the expected profit of suboptimal decisions with that of optimal
decisions. We first conduct a literature review of behavioral results in the
newsvendor setting. We use the results reported in the literature to determine
parameters in a model for behavioral newsvendor decision making. We then
build a Monte Carlo simulation that incorporates the behavioral decision making
model, heterogeneity of decision makers, and parameters of the newsvendor
decision to calculate the expected profit loss. The simulation results shed light
on the financial risk associated with these inventory decisions.

Simulation of Allocation Policies for a Serial Inventory System under Ad-

vance Demand Information / Bhoomica Mysore Nataraja and Zumbul Atan
(Eindhoven University of Technology)
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In this paper, we simulate allocation policies for a two-stage inventory system
that receives perfect advance demand information (ADI) from customers belong-
ing to different demand classes. Demands for each customer class are generated
by independent Poisson processes while the processing times are deterministic.
All customers in the same class have the same demand lead time (the difference
between the due date and the requested date) and back-ordering costs. Each stage
in the inventory system follows order-base-stock-policies where the replenish-
ment order is issued upon arrival of a customer order. The problem requires a
fast and reliable method that determines the system performance under different
policies and ADI. Thus, we employ discrete-event simulation to obtain output
parameters such as inventory costs, fill rates, waiting time, and order allocation
times. A numerical analysis is conducted to identify a reasonable policy to use
in this type of system.

MANUFACTURING APPLICATIONS / ANNAPOLIS 4

Panel: Digital Twin for Smart Manufacturing
Guodong Shao (National Institute of Standards and Technology)

Digital Twin for Smart Manufacturing: the Simulation Aspect / Guodong
Shao (NIST), Sanjay Jain (George Washington University), Christoph Laroque
(University of Applied Sciences Zwickau), Loo Hay Lee (National University
of Singapore), Peter Lendermann (D-SIMLAB Technologies Pte. Ltd.), and
Oliver Rose (Universitit der Bundeswehr Miinchen)

The purpose of this panel is to discuss the state of the art in digital twin for
manufacturing research and practice from the perspective of the simulation
community. The panelists come from the US, Europe, and Asia representing
academia, industry, and government. This paper begins with a short introduc-
tion to digital twins and then each panelist provides preliminary thoughts on
concept, definitions, challenges, implementations, relevant standard activities,
and future directions. Two panelists also report their digital twin projects and
lessons learned. The panelists may have different viewpoints and may not totally
agree with each other on some of the arguments, but the intention of the panel
is not to unify researchers’ thinking, but to list the research questions, initiate
a deeper discussion, and try to help researchers in the simulation community
with their future study topics on digital twins for manufacturing.

MASM: SEMICONDUCTOR MANUFACTURING / BALTIMORE 3

Semiconductor Manufacturing Models
Michael Hassoun (Ariel University)

Using Delays for Process Flow Simplification / 1gor Stogniy (TU Dresden)
and Wolfgang Scholl (Infineon Technologies Dresden)

Infineon Technologies Dresden uses discrete-event simulation to forecast key
performance indicators. The simulation has also been used to perform experi-
ments to improve production planning. It is important to reduce the efforts re-
quired for the creation and maintenance of the simulation models. Especially for
the simulation studies, less detailed models can be utilized where components
could be omitted. We considered a simplification of the process flows through
operation substitution for constant delays. Different levels of model complexity
were investigated. For each level, different tool sets were determined which
were substituted for delays. First In First Out and Critical Ratio dispatching
rules were used. Lot cycle time distributions were utilized in order to compare
simplified models with a detailed model.

Applying Diffusion Models to Semiconductor Supply Chains: Increasing
Demand by Funded Projects / Ines Gold, Hans Ehm, Thomas Ponsignon, and
Muhammad Tariq Afridi (Infineon Technologies AG)

The question of the paper is: “How does governmental funded projects influence
the demand forecast for semiconductor manufacturing”. For Semiconductor
Manufacturing an accurate demand is of paramount advantage due the chal-
lenges arising from a mix of high capital cost and short product life cycle. We
consider the Bass Model for new technology and product introduction as the
most sophisticated model for supporting demand forecast for new products and
technologies. In this paper it is described how the boost from governmental
funded project can be parameterized in the Bass Model from a theoretical and
practical point of view. For the practical point of view the model is applied for
the German funded project GeniusTex and Productive4.0, and for the increase
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in manufacturing demand of a pressure sensor. A perspective is given on how
this model can be validated in future research once actual data are available.

Simulation-based Analysis of the Nervousness within Semiconductor Supply
Chain Planning: Insight from a Case Study / Behrouz Alizadeh Mousavi,
Radhia Azzouz, and Cathal Heavey (University of Limerick) and Hans Ehm
(Infineon Technologies AG)

In the growing globalization of production systems, the complexity of supply
chains as socio-technical systems is escalating which, consequently, increases
the importance of strong planning systems. Plans are developed to structure
production in end-to-end supply chains that can experience nervousness due
to uncertainties that results in unsatisfied customers. Although the external
causes of nervousness and instabilities in supply chain planning systems were
previously considered in the literature, internal nervousness of planning these
complex networks can result from how the sub-components of the planning
system interact. To study internal nervousness, a supply chain system of a
semiconductor manufacturer is investigated as a case study. We examine internal
nervousness of demand fulfillment by proposing a multi-paradigm simulation
approach that combines discrete-event and agent-based simulation. The results
provide insight into the importance of visibility on the internal interactions of
supply chain networks to reduce instability.

MILITARY APPLICATIONS / AZALEA 3

Simulation-based Approaches for Military Workforce Planning and Per-
sonnel Modeling
Lee Evans (United States Military Academy)

Verification Methodology for Discrete-event Simulation Models of Personnel
in the Canadian Armed Forces / Jillian Anne Henderson and Robert Mark
Bryce (Department of National Defence)

The Canadian Armed Forces (CAF) uses a variety of tools to model, forecast
and investigate workforce behavior; one such tool is a custom Discrete-event
Simulation (DES) framework designed to address military Human Resources
(HR) and personnel questions called the Force Flow Model (FFM). In this work
we propose a methodology to verify workforce simulations and we discuss
its use for verification of the FFM. We demonstrate precise agreement with
an analytic model when the FFM parameters are matched to exactly solvable
analytic scenarios. The methodology is simple to understand and apply, is
generally applicable to workforce simulations, and helps to meet the need to
verify simulations by providing known analytic results to benchmark against.

Insights into the Health of Defence Simulated Workforce Systems Using
Data Farming and Analytics /| Brendan Hill (Deakin University), Damjan
Vukcevic (The University of Melbourne), Terrence Caelli (The University of
South Australia), and Ana Novak (Defence Science and Technology Group)

This work is motivated by the need for the Australian Defence Force to produce
the right number of trained aircrew in the right place at the right time. It is criti-
cal to understand the impact of structural/resourcing policies on the ability to
maintain squadron capability, both for individual squadrons and jointly across
the Force. By combining techniques in experimental design, simulation, data
analysis and optimization, we have created an automated system to efficiently
identify significant relationships between simulation parameters and squadron
capability, as well as propose optimal parameter ranges for each individual
squadron. The interplay of competing demands between squadrons was then
analysed in the context of the entire Force and the stability of these extrapola-
tions over sampling noise was also evaluated. Finally, we present compact
summaries and visualisations of the most important insights about the most
significant contributors to the “health” of the whole system.

A Simulation Approach to Address MQ-9 Flying Training Unit Manning
Shortfalls / Thomas Talafuse, Lance Champagne, and Erikia Gilts (Air Force
Institute of Technology)

Increased use of unmanned aerial vehicles (UAV) by the United States Air Force
(USAF) has put a strain on flying training units responsible for producing aircrew.
An increase in student quotas, coupled with new training requirements stemming
from a transition to the MQ-9 airframe, impact the resources needed to meet the
desired level of student throughput. This research uses historical data of a UAV
flying training unit to develop a simulation model of daily operations within
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a training squadron. Current requirements, operations, and instructor manning
levels are used to provide a baseline assessment of the relationship between unit
manning and aircrew production. Subsequent analysis investigates the effects of
course frequency, class size, and quantity of instructors on student throughput.
Results from this research recommend novel approaches in course execution
to more fully utilize instructor capacity and inform UAV flying training units
on appropriate manning levels required to meet USAF needs.

MODELING METHODOLOGY / MAGNOLIA 2

Advanced Modeling and Simulation Tools and Environments
Cristina Ruiz-Martin (Carleton University)

Buit-in Lean Management Tools in Simulation Modeling / Pawel Pawlewski
(Poznan University of Technology)

The paper presents an approach for integrating Lean management tools, value-
added analysis and Yamazumi charts, with simulation modeling in order to
analyze the behavior of certain types of production systems. This is accomplished
through the development of a set of high-level, operational, task-oriented instruc-
tions that are based on production engineering means and language. This is in
contrast to the more traditional simulation modeling approach that uses lower-
level, logic-oriented instructions that are based on the means and language of
computer programming. The paper defines the approach and its implementation
and its application is illustrated through a simple manufacturing cell example.

A Multithreaded Simulation Executive in Support of Discrete-event Simula-
tions / Brandon Waddell and James F. Leathrum (Old Dominion University)

Classical Parallel Discrete-event Simulation (PDES) increases simulation perfor-
mance by distributing the computational load of a simulation application across
multiple computing platforms. A burden is placed on the developer to partition
the simulation. This work focuses instead on identifying available parallelism
within the simulation executive, thus removing the burden from the developer.
Event scheduling and event execution have natural parallelism with each other;
future events may be scheduled with the simulation executive while the currently
executing event continues. Execution and scheduling are dealt with as multiple
threads, taking advantage of multicore architectures. This paper identifies the
available parallelism between event scheduling and execution, highlights points
of contention between the two, provides an algorithm to take advantage of the
parallelism and presents timing results demonstrating the performance benefits.

A Digital TV-based Distributed Image Processing Platform for Natural
Disasters / Manuel Manriquez (Universidad de Santiago de Chile); Fernando
Loor and Veronica Gil-Costa (Universidad Nacional de San Luis, CONICET);
and Mauricio Marin (Universidad de Santiago de Chile)

After a natural disaster strikes people spontaneously respond by self-organizing,
providing food and drink to the victims and to emergency response teams.
During this process, people also share photos, messages and videos which can
be used to improve the general understanding of the situation and to support
decision-making. In this context, we propose to use digital television to cre-
ate a community of digital volunteers who can help to identify objects inside
images that cannot be processed automatically. Digital television can help to
reach a larger number of digital volunteers because it can be easily used without
installing special applications. We present a distributed platform composed of
a server, a network of digital volunteers and an internet service provider. Our
proposed platform aims to reduce the communication between the server and
the digital volunteers and to reduce the workload of the server. We simulate our
proposed platform with the peersim tool.

RISK ANALYSIS / ANNAPOLIS 3

Supply Networks and Healthcare
David Poza (INSISOC - University of Valladolid)

Stakeholder-Centric Analyses of Simulated Shipping Port Disruptions | Ga-
briel Arthur Weaver (University of Illinois at Urbana-Champaign), Glen R. Salo
(Heartland Science and Technology Group), and Mark Van Moer (University
of Illinois at Urbana Champaign)

The Maritime Transportation System is crucial to the global economy, accounting
for more than 80% of global merchandise trade in volume and 67% of its value
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in 2017. Within the US economy alone, this system accounted for roughly a
quarter of GDP in 2018. This paper defines an approach to measure the degree
to which individual stakeholders, when disrupted, affect the commodity flows
of other stakeholders and the entire port. Using a simulation model based on
heterogeneous datasets gathered from fieldwork with Port Everglades in FL,
we look at the effect of varying the timing and location of disruptions, as well
as response actions, on the flow of imported commodities. Insights based upon
our model inform how and when stakeholders can impact one another’s opera-
tions and should thereby provide a data-driven, strategic approach to inform the
security plans of individual companies and shipping ports as a whole.

Dynamic Pricing as a Mitigation Strategy against Supply Network Disrup-
tions with Price-Sensitive Demand - An Agent-based Model / Niels Bugert
and Rainer Lasch (TU Dresden)

Supply chain disruptions can lead to immense financial losses for affected
enterprises. Quantitative models which analyze the impact of disruptions and
the effect of possible mitigation strategies on the overall network are needed
to support the decision making process of practitioners. Therefore, we present
an agent-based model of a supply network with eleven entities to analyze the
benefits of dynamic pricing when confronted with material flow disruptions
of different durations of two producers in the network. Our results show that
dynamic pricing can reduce the financial burden of the total supply network
but can also lead to strong interferences which entities are most affected by
the disruption.

Risk-Aware Business Process Modeling: A Comparison of Discrete-event and
Agent-based Approaches / Emilio Sulis and Ilaria Angela Amantea (University
of Torino) and Giulio Fornero (City of Health and Science Hospitals)

Risk analysis is one of the most challenging task in a business process manage-
ment perspective. In healthcare, risk management focuses on events having a
relevant impact on patients safety. We investigate the context of a blood-bank,
which is one of the most critical hospital department by comparing two different
modeling approaches to perform a risk-aware business process management.
Our main interest here is to discuss advantages and disadvantages of discrete-
event and agent-based modeling approaches. We adopt two specific tools and
collected feedback from modelers, staff and decision makers. We identify differ-
ences in the analysis of risks from the two perspectives, such as the possibility
to include agents-environment interactions, as well as structured approaches
to discover potential failures. Our results include assessment for risk manage-
ment, shedding some light on practical applications of process modeling and
simulation in healthcare.

SIMULATION OPTIMIZATION / ANNAPOLIS 1

Stochastic Optimization
Sara Shashaani (North Carolina State University)

The Number of Random Restarts Required to Identify All Solutions to a
Nonlinear System: Applications to Global Stochastic Optimization / Raghu
Pasupathy (Purdue University)

We consider the question of identifying the set of all solutions to a system of
nonlinear equations, when the functions involved in the system can only be
observed through a stochastic simulation. Such problems frequently arise as
first order necessary conditions in global simulation optimization problems. A
convenient method of “solving” such problems involves generating (using a
fixed sample) a sample-path approximation of the functions involved, and then
executing a convergent root-finding algorithm with several random restarts. The
various solutions obtained thus are then gathered to form the estimator of the
true set. We investigate the quality of the returned set in terms of the expected
Hausdorff distance between the returned and true sets. Our message is that a
certain simple logarithmic relationship between the sample size and the number
of random restarts ensures maximal efficiency.

A Proximal-point Algorithm with Variable Sample-sizes (PPAWSS) for
Monotone Stochastic Variational Inequality Problems | Afrooz Jalilzadeh
(Penn State) and Uday Shanbhag (Penn State University)

We consider a stochastic variational inequality (SVI) problem with a continuous

and monotone mapping over a closed and convex set. In strongly monotone
regimes, we present a variable sample-size averaging scheme (VS-Ave) that
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achieves a linear rate with an optimal oracle complexity. In addition, the iteration
complexity is shown to display a muted dependence on the condition number
compared with standard variance-reduced projection schemes. To contend with
merely monotone maps, we develop amongst the first proximal-point algorithms
with variable sample-sizes (PPAWSS), where increasingly accurate solutions
of strongly monotone SVIs are obtained via (VS-Ave) at every step. This al-
lows for achieving a sublinear convergence rate that matches that obtained for
deterministic monotone VIs. Preliminary numerical evidence suggests that the
schemes compares well with competing schemes.

ASTRO for Derivative-based Stochastic Optimization: Algorithm Descrip-
tion & Numerical Experiments / Daniel Vasquez (Purdue University), Sara
Shashaani (North Carolina State University), and Raghu Pasupathy (Purdue
University)

Adaptive Sampling Trust-Region Optimization (ASTRO) is a class of derivative-
based stochastic trustregion algorithms developed to solve stochastic uncon-
strained optimization problems where the objective function and its gradient
are observable only through a noisy oracle or using a large dataset. ASTRO
incorporates adaptively sampled function and gradient estimates within a trust-
region framework to generate iterates that are guaranteed to converge almost
surely to a first-order or a second-order critical point of the objective function.
Efficiency in ASTRO stems from two key aspects: (i) adaptive sampling to
ensure that the objective function and its gradient are sampled only to the extent
needed, so that small sample sizes result when iterates are far from a critical
point and large sample sizes result when iterates are near a critical point; and
(ii) quasi-Newton Hessian updates using BFGS. We describe ASTRO in detail,
give a sense of its theoretical guarantees, and report extensive numerical results.

VENDOR / BALTIMORE 4
Software and Methodology for Simulation

Next-generation Healthcare Simulation Modeling and Analysis / Bill Nordgren
(FlexSim Software Products, Inc.)

FlexSim is excited to unveil our brand-new healthcare simulation module at the
Winter Simulation Conference! FlexSim Healthcare (HC) was released in 2009
and has helped numerous healthcare systems and facilities to model and analyze
patient flow activities for the past decade, particularly in the areas of patient
waiting time and staff/equipment utilization. Now, on the 10th anniversary of
its release, we’ll be showcasing its successor—a powerful, modern module that
was designed to be even more capable, easy-to-use, and visually impressive.
This version allows for even more granular control in modeling the specifics of
complex healthcare systems without resorting to code, with myriad new features
ranging from enhanced database connectivity to virtual reality, improved data
and reporting to automated travel networks and much more.

The Three Major Methodological Issues in a Sound Simulation Study and
How to Address Them |/ Averill M. Law (Averill M. Law & Associates, Inc.)

Many people still believe that simulation is largely an exercise in computer
programming when, in fact, programming should only represent 25 to 50 percent
of the work in a sound simulation project. In this talk we discuss and give solu-
tions for what are arguably the three major methodological issues that need to be
addressed in any successful simulation study, namely, validation of the model,
selecting input probability distributions, and the design and analysis of simula-
tion experiments. For model validation we give the most-important techniques
to help ensure validity. In the case of input modeling we demonstrate software
than can select an appropriate distribution both when system data are available
and otherwise. Finally, for simulation output-data analysis we discuss an effective
statistical technique that can utilize multi-core processors and cloud computing.

Tuesday 3:30p.m.-5:00p.m.
ADVANCED TUTORIALS / AZALEA 2

Virtual SIPs for Networking Simulations
Tony Clark (Aston University)

Networking Simulations Across Platforms and Enterprises with Virtual SIPs /
Sam L. Savage, Shaun Doheney, and Colin Smith (ProbabilityManagement.org)

Final Program Abstracts / Tuesday 3:30p.m.-5:00p.m.



107

SIPmath represents uncertainties as coherent arrays of realizations called SIPs,
which may be shared between diverse simulation applications across the enter-
prise. This allows simulations to be linked together to form networks in which
the output distributions of one simulation become the input distributions of
another simulation. Furthermore, the outputs of stochastic models in packages
such as R, Python or discrete-event simulations may be shared with managers
using interactive dashboards in native Microsoft Excel. Two recent open source
advances in simulation modeling and analysis have yielded great efficiencies in
this approach. Metalog distributions can fit virtually any continuous distribution
of data with an analytical F-Inverse function much like a Taylor’s series. The
HDR Portable Uniform Random Number Generator produces identical results
on all platforms including a single cell formula in Excel. Participants are encour-
aged to bring their laptops for a hands-on learning experience.

JOINT SESSION: HYBRID SIMULATION & AGENT-BASED SIMULA-
TION / CAMELLIA 3

Modeling Human Behavior
Takao Terano (Chiba University of Commerce)

On The Extension of Schelling’s Segregation Model | Zeyu Liu, Xueping Li,
and Anahita Khnojandi (University of Tennessee) and Sanja Lazarova-Molnar
(University of Southern Denmark)

Schelling’s social segregation model has been extensively studied over the years.
A major implication of the model is that individual preferences of similarity
lead to a collective segregation behavior. Schelling used Agent-based Modeling
(ABM) with uni-dimensional agents. In reality, people are multidimensional.
This raises the question of whether multi-dimensionality can boost stability or
reduce segregation in society. In this paper, we first adopt ABM to reconstruct
Schelling’s original model and discuss its convergence behaviors under differ-
ent threshold levels. Then, we extend Schelling’s model with multidimensional
agents and investigate convergence behaviors of the model. Results suggest that
if agents have high levels of demand for identical neighbors, the society might
become less stable or even chaotic. Also, several experiments suggest that mul-
tidimensional agents are able to form a stable society that is not segregated, if
agents prefer to stay adjacent to not only “identical” but also “similar” neighbors.

Towards Modelling the Effect of Evolving Violence on Forced Migration /
Derek Groen, David Bell, Hamid Arabnejad, Diana Suleimenova, Simon Taylor,
and Anastasia Anagnostou (Brunel University London)

We present a modelling approach to investigate the evolution of violent events on
the forced displacement of people in affected countries. This work is performed
in the context of the EU-funded HIDALGO Centre of Excellence, where we
seek to establish more scalable and accurate models for migration prediction.
Such a hybrid simulation approach is necessary as we need to understand how
conflicts may evolve if we are to forecast the escape of people from future
conflicts. To accomplish this, we couple a new model for conflict propagation
with existing forced migration models. We explore the implications of our
setup by studying the effect of different conflict progressions on the forced
displacement of people, using an established model of the Mali 2012 conflict.
We conclude that accurately predicting conflict evolutions is a key determinant
in the outcomes of forced migration simulations, particularly if such forecasts
are made over longer periods.

Service Design Simulation Using Fine Grained Agents / Rishi Bubna, Vivek
Balaraman, Suman Kumar, and Sylvan Lobo (Tata Consultancy Services)

Service design deals with methods to organize people, organizations, infrastruc-
ture, communication and resources such that macro outcome parameters of the
service are achieved while also ensuring excellent individual customer experi-
ence. Services are complex, dynamic processes engaging service deliverer and
customer over several interactions over multiple touchpoints. Thus designing a
service well requires an understanding of the impact of the dynamics of service
delivery on service outcome parameters and customer experiences. We discuss
a fine-grained agent-based simulation approach to service design which will
allow services to be simulated in-silico. Fine-grained agent models allow us to
understand the macro effect of a service design and the persona level user experi-
ences over multiple customer touchpoints. To model the user experience we use
aneed based behavior model, influenced by advances in Maslow’s need based
hierarchy. We demonstrate these ideas on an example from the air travel domain.
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ANALYSIS METHODOLOGY / ANNAPOLIS 2

Randomized Quasi-Monte Carlo and Quantile Estimation
Wei Xie (Northeastern University)

Randomized Quasi-Monte Carlo for Quantile Estimation / Best Contributed
Theoretical Paper - Finalist / Zachary T. Kaplan, Yajuan Li, and Marvin K.
Nakayama (New Jersey Institute of Technology) and Bruno Tuffin (Inria,
University of Rennes)

‘We compare two approaches for quantile estimation via randomized quasi-Monte
Carlo (RQMC) in an asymptotic setting where the number of randomizations
for RQMC grows large but the size of the low-discrepancy point set remains
fixed. In the first method, for each randomization, we compute an estimator
of the cumulative distribution function (CDF), which is inverted to obtain a
quantile estimator, and the overall quantile estimator is the sample average of
the quantile estimators across randomizations. The second approach instead
computes a single quantile estimator by inverting one CDF estimator across
all randomizations. Because quantile estimators are generally biased, the first
method leads to an estimator that does not converge to the true quantile as the
number of randomizations goes to infinity. In contrast, the second estimator
does, and we establish a central limit theorem for it. Numerical results further
illustrate these points.

Array-ROMC for Option Pricing Under Stochastic Volatility Models /| Amal
Ben Abdellah (Université de Montréal) and Pierre L’Ecuyer and Florian Puch-
hammer (University of Montreal; GERAD, CIRRELT)

Array-RQMC has been proposed as a way to effectively apply randomized quasi-
Monte Carlo (RQMC) when simulating a Markov chain over a large number of
steps to estimate an expected cost or reward. The method can be very effective
when the state of the chain has low dimension. For pricing an Asian option under
an ordinary geometric Brownian motion model, for example, Array-RQMC
reduces the variance by factors in the millions. In this paper, we show how to
apply this method and we study its effectiveness in case the underlying process
has stochastic volatility. We show that Array-RQMC can also work very well for
these models, even if it requires RQMC points in larger dimension. We examine
in particular the variance-gamma, Heston, and Ornstein-Uhlenbeck stochastic
volatility models, and we provide numerical results.

Met, del-based Quantile Estimation for Hedging Control of Manufactur-
ing Systems / Giulia Pedrielli (Arizona State University) and Russell R. Barton
(The Pennsylvania State University)

Hedging-based control policies release a job into the system so that the prob-
ability of a job completing by its deadline is acceptable; job release decisions
are based on quantile estimates of the job lead times. In multistage systems,
these quantiles cannot be calculated analytically. In such cases, simulation can
provide useful estimates, but computing a simulation-based quantile at the time
of a job release decision is impractical. We explore a metamodeling approach
based on efficient experiment design that can allow, after an offline learning
phase, a metamodel estimate for the state-dependent lead time quantile. This
allows for real time control if the metamodel is accurate, and computationally
fast. In preliminary testing of a three-stage production system we find high
accuracy for quadratic and cubic regression metamodels. These preliminary
findings suggest that there is potential for metamodel-based hedging policies
for real time control of manufacturing systems.

CASE STUDIES / BALTIMORE 5

Military
Wim Huiskamp (TNO Defence Research)

A Military Food Supply Chain in a Hostile Environment: A Case Study /
Alexander Garrido (Military University New Granada) and Lindsay Alvarez
(Distrital University Francisco José de Caldas)

History teaches us that commercial-supply chains (SCs) emerged and developed
from military-SCs. However, the interest of researchers and practitioners has
focused mainly on the former, thus creating a significant gap in the literature.
Although several factors can be mentioned for this prevalent inattention and
consequent lack of detailed studies upon military-SCs, the main reason for this
gap relates to the access to reliable sources of information on how this type
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of SC operates in practice. Additionally, from the logistics point of view, the
battle/operational situations are very attractive for doing risk analysis since none
commercial-SC faces the level of challenges and dangers that a conventional
military-SC tackles on a daily basis.

Applying Modelling and Simulation as a Service in a Multinational Military
Exercise /| Wim Huiskamp and Tom van den Berg (TNO Defence Research)
and Peter Lindskog (Swedish Armed Forces, Joint Training Centre)

Maintaining military readiness is more challenging than ever: missions take
place in a theatre with many actors (military and civilian) while fiscal reality
and available resources limit live training opportunities with coalition partners.
Simulation has been recognized by NATO as a critical technology to support
training and the concept of “Mission Training through Distributed Simulation”
(MTDS) is currently developed by several nations under the umbrella of the
NATO Modelling and Simulation Group (NMSG). However, providing MTDS
solutions is also a technical and organizational challenge in itself. In addition
to agreed and validated interoperability standards, NMSG is also developing a
Services based approach to deliver simulation. The M&S-as-a-Service (MSaaS)
concept has been investigated and tested in recent experiments and exercises.
This paper introduces the MSaaS approach towards a rapid implementation of
exercise environments. The VIKING-18 exercise is presented as a use-case for
MSaaS and our lessons learned will be discussed.

Simulation of Propellant Casting Workshop / Hakan Giindiiz (Roketsan Inc.)

Roketsan Inc. is a leading institution in the Turkey for designing, developing
and manufacturing rockets, missiles and weapon systems. The production
system contains 2 different facilities with 50 workshops and approximately
1200 resources. This case study presents the simulation of propellant casting
workshops where the rocket motors are produced. Besides standard simulation
functions, our simulation model considers parallel used resources, limited re-
sources, capacity constraints and shift system. The model analyses feasibility of
rocket motor production according to annual production calendar. According to
these analyses, the model reveals bottleneck resources. By these capabilities it is
used as a decision support tool for annual production planning, shift scheduling,
resource allocation and investment decisions in the factory.

COMPLEX, INTELLIGENT, ADAPTIVE AND AUTONOMOUS SYS-
TEMS / MAGNOLIA 3

Multi-agent Technology for Simulation Engineering
Claudia Szabo (University of Adelaide, The University of Adelaide)

Communication Collective: An Adaptive Multiagent Communication Platform
/ Alexis Conan Pflaum and Claudia Szabo (The University of Adelaide) and An-
drew Coyle (Centre for Defence Communications and Information Networking)

Arobust, consistent and high capacity data network is critical in modern society
to ensure that governments, businesses and individuals are able to communi-
cate and coordinate disaster relief, just in time deliveries, or to organize how
and where to meet friends. Existing terrestrial communication networks are
susceptible to being disabled or destroyed by disasters and the use of satel-
lites is costly and inflexible. We propose a communication protocol, called
Communication Collective, to operate in a resource constrained, dynamic and
contested environment with distributed, learning, adaptive, predictive, mobile
agents. Each agent operative gathers information from the environment and the
surrounding Communication Collective and independently weighs its options
on how to behave to improve the performance of the collective as a whole.
Our experimental analysis shows the potential of our approach, with improved
delivered messages and significantly reduced latency.

Harnessing Concurrency in Synchronous Block Diagrams to Parallelize
Simulation on Multi-core Hosts / Andreas Naderlinger (University of Salzburg)

Model-based and simulation-supported engineering based on the formalism of
synchronous block diagrams is among the best practices in software development
for embedded and real-time systems. As the complexity of such models and the
associated computational demands for their simulation steadily increase, efficient
execution strategies are needed. Although there is an inherent concurrency in
most models, tools are not always capable of taking advantage of multi-core
architectures of simulation host computers to simulate blocks in parallel. In
this paper, we outline the conceptual obstacles in general and discuss them
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specifically for the widely used simulation environment Simulink. We pres-
ent an execution mechanism that harnesses multi-core hosts for accelerating
individual simulation runs through parallelization. The approach is based on a
model transformation. It does not require any changes in the simulation engine,
but introduces minimal data propagation delays in the simulated signal chains.
We demonstrate its applicability in an automotive case study.

Reducing Risks during Natural Disasters with Optimal Resource Allocation
by Multi-agent Optimization / Alina Vereshchaka, Nathan Alexander Margaglio,
and Wen Dong (State University of New York at Buffalo)

Natural disasters are notable for the high costs associated with responding to and
recovering from them. In this paper we address the issue of critical resources
allocation during natural disaster, that incorporates the level of importance of the
effected region and cost parameter. Our risk reducing model can be applied to
online stochastic environments in the domain of natural disasters. The framework
achieves more efficient resource allocation in response to dynamic events and
is applicable to problems where disaster evolves alongside the response efforts.

FINANCIAL RISK MANAGEMENT / ANNAPOLIS 3

New Approaches in Financial Simulation
Jing Dong (Columbia University)

On the Impacts of Tail Model Uncertainty in Rare-event Estimation / Zhiyuan
Huang (University of Michigan) and Henry Lam (Columbia University)

Rare-event probabilities and risk measures that quantify the likelihood of
catastrophic or failure events can be sensitive to the accuracy of the underlying
input models, especially regarding their tail behaviors. We investigate how the
lack of tail information of the input can affect the output extremal measures, in
relation to the level of data that are needed to inform the input tail. Using the
basic setting of estimating the probability of the overshoot of an aggregation
of i.i.d. input variables, we argue that heavy-tailed problems are much more
vulnerable to input uncertainty than light-tailed problems. We explain this
phenomenon via their large deviations behaviors, and substantiate with some
numerical experiments.

Estimating Quantile Sensitivity for Financial Models with Correlations and
Jumps / Yijie Peng (Peking University), Michael Fu (University of Maryland),
Jian-Qiang Hu (Fudan University), and Lei Lei (Chongqing University)

We apply a generalized likelihood ratio (GLR) derivative estimation method in
previous works to estimate quantile sensitivity of financial models with correla-
tions and jumps. Examples illustrate the wide applicability of the GLR method
by providing several practical settings where other techniques are difficult to
apply, and numerical results demonstrate the effectiveness of the new estimator.

Heterogeneous Assets Market Design / Yu An (Stanford University) and Zeyu
Zheng (University of California, Berkeley)

We study market design issues for heterogeneous assets in a setting with multiple
assets and multiple traders. The new modeling feature is that a social planner
can decide to shut down some asset markets so that no traders can trade these
assets. We show that closing down some asset markets can increase the total
volume of trades by all traders, because a smaller number of assets available
to trade can reduce coordination failures between different traders, improving
the overall matching efficiency. Using numerical simulation, we study the op-
timal numbers of markets to open under different scenarios. This has practical
implications for the optimal design of session-based trading protocols in the
corporate and municipal bond markets. This problem naturally leads to the use
of simulation to select the best system from all possible market design choices.
We implement simulation experiments to demonstrate our finding and analyze
sensitivities to several market-relevant parameters.

HEALTHCARE / MAGNOLIA 1

Simulation Models in Outpatient Settings
Bjorn Berg (University of Minnesota)

Using Simulation to Evaluate Provider Scheduling Heuristics in Specialty

Outpatient Clinics / Bjorn Berg and Ashleigh Vandenbrink (University of
Minnesota)
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Scheduling providers in outpatient specialty clinics is often done in a non-
systematic fashion as a result of providers having varying clinic time assign-
ments. This is particularly challenging in academic medical centers and large
health systems where providers have responsibilities outside of clinical duties.
This leads to inconsistent use of clinic space, staff, and other fixed resources in
addition to high variability in operational performance measures. In this paper
we present a discrete-event simulation model used to evaluate heuristics for
scheduling providers within a specialty clinic. The simulation model is devel-
oped and validated based on a specialty clinic within University of Minnesota
Health. The scheduling heuristics are evaluated across multiple operational
performance measures based on relative improvements compared to test cases
from actual schedules used in practice.

Using Discrete-event Simulation to Find Ways to Reduce Patient Wait Time in
a Glaucoma Clinic / Junhong Guo, Trevor Hoffman, Amy Cohn, Leslie Niziol,
and Paula Anne Newman-Casey (University of Michigan)

Long wait times is one of the most common complaints from patients visiting
the glaucoma clinic at the Kellogg Eye Center at the University of Michigan
(UM). Long wait times have also been reported as a barrier to glaucoma care in
other clinics as well. To address this issue, we develop a discrete-event simula-
tion model to identify bottlenecks in the clinic that cause the majority of patient
wait time. Different policies in terms of resource supplementation, i.e. adding
staff and the corresponding equipment and exam rooms, are then accordingly
proposed. We evaluate each of them using our simulation model through a series
of what-if experiments. The most beneficial policy, considering the trade-off
between patient wait time and resource supplementation expense, is proposed
to the clinic to carry out in practice.

Assessment of the Impact of Teledermatology using Discrete-event Simulation
/ Afafe Zehrouni and Vincent Augusto (Ecole Nationale Superieure des Mines
de Saint- " Etienne (EMSE)), Tu Anh Duong (Hospital Henri Mondor), and
Xiaolan Xie (Ecole Nationale Superieure des Mines de Saint- * Etienne (EMSE))

Evolution of technology and the complexity of the medical system have con-
tributed to the increasing interest in telemedicine. The purpose of this paper is to
present a discrete-event simulation model of the teledermatology process using
the tool TelDerm. The logic of the simulation describes the process from the
detection of the dermatological problem to its resolution. The scenarios reflect
different changes in the flow in order to quantify the impact of telemedicine on
the healthcare system. Several key performance indicators measure medical
and administrative workload variations for all human resources involved. In
addition, we assess the impact on the patient’s journey through the process.

INTRODUCTORY TUTORIALS / AZALEA 1

Petri Nets
Gregory Zacharewicz (IMT Mines Al¢s)

From Petri Nets to Colored Petri Nets: A Tutorial Introduction to Nets Based
Formalism for Modeling and Simulation / Vijay Gehlot (Villanova University)

Petri Net, a widely studied mathematical formalism, is a graphical notation
for modeling systems. Petri Nets provide the foundation for modeling concur-
rency, communication, synchronization, and resource sharing constraints that
are inherent to many systems. However, Petri Nets do not scale well when it
comes to modeling and simulation of large systems. Colored Petri Nets (CPNs)
extend Petri Nets with a high level programming language, making them more
suitable for modeling large systems. The CPN language allows the creation of
models as a set of modules in a hierarchical manner and permits both timed and
untimed models. Untimed models are used to validate the logical correctness of
a system, whereas timed models are used to evaluate performance. This tutorial
introduces the reader to the vocabulary and constructs of both Petri Nets and
CPNs and illustrates the use of CPN Tools in creating and simulating models
by means of familiar simple examples.

LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 1

Simheuristics for Logistics, SCM and Transportation
Javier Faulin (Public University of Navarre)
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A Simheuristic for the Unmanned Aerial Vehicle Surveillance-Routing
Problem with Stochastic Travel Times and Reliability Considerations / Javier
Panadero and Angel A. Juan (Universitat Oberta de Catalunya), Carles Serrat
and Manel Grifoll (Universitat Politecnica de Catalunya-BarcelonaTECH),
Mohammad Dehghanimohamamdabadi (Northeastern University), and Alfons
Freixes (Euncet Business School)

In the unmanned aerial vehicle (UAV) surveillance-routing problem, a limited
fleet of UAVs with driving-range limitations have to visit a series of target zones
in order to complete a monitoring operation. This operation typically involves
taking images and / or registering some key performance indicators. Whenever
this surveillance action is repetitive, a natural goal to achieve is to complete
each cycle of visits as fast as possible, so that the number of times each target
zone is visited during a time interval is maximized. Since many factors might
influence travel times, they are modeled as random variables. Reliability issues
are also considered, since random travel times might cause that a route cannot
be successfully completed before the UAV runs out of battery. In order to solve
this stochastic optimization problem, a simheuristic algorithm is proposed.
Computational experiments contribute to illustrate these concepts and to test
the quality of our approach.

Combining the Internet of Things with Simulation-based Optimization to
Enhance Logistics in an Agri-Food Supply Chain / David Raba, Angel A.
Juan, and Javier Panadero (Open University of Catalonia); Alejandro Estrada-
Moreno (Universitat Rovira i Virgili); and Christopher Bayliss (Open University
of Catalonia)

This paper discusses how the Internet of Things and simulation-based optimiza-
tion methods can be effectively combined to enhance refilling strategies in an
animal feed supply chain. Motivated by a real-life case study, the paper analy-
ses a multi-period inventory routing problem with stochastic demands. After
describing the problem and reviewing the related literature, a simulation-based
optimization approach is introduced and tested via a series of computational
experiments. Our approach combines biased-randomization techniques with a
simheuristic framework to make use of data provided by smart sensor devices
located at the top of each farm silo. From the analysis of results, some managerial
insights are also derived and a new business model is proposed.

Simulation-based Optimization in Transportation and Logistics: Comparing
Sample Average Approximation with Simheuristics / Angel A. Juan (Open
University of Catalonia, Euncet Business School); Lorena Reyes-Rubiano
(Public University of Navarre, University of La Sabana); Rocio de la Torre
(Public University of Navarre); Javier Panadero (Open University of Catalonia,
Euncet Business School); and Javier Faulin and Juan Ignacio Latorre (Public
University of Navarre)

Simulation-based optimization (SBO) refers to a series of simulation-optimiza-
tion methods that are employed to solve complex optimization problems with
stochastic components. This paper reviews some recent applications of SBO
in the area of Transportation and Logistics. This paper presents the stochastic
variants for the team orienteering problem to show the application of the SBO
solving methods. Similarly, we make a comparison of two of the most popular
ones: the sample average approximation method and the simheuristic algorithms.
Finally, the paper concludes by considering the value of the aforementioned
approach and outlining further research needs.

MANUFACTURING APPLICATIONS / ANNAPOLIS 4

Production Planning
Andrea Matta (Shanghai Jiao Tong University)

Nested-simulation-based Approach for Real-time Dispatching in Job Shops
/ Shufang Xie, Tao Zhang, and Oliver Rose (Universitdt der Bundeswehr
Miinchen)

Real-time dispatching in job shops can be interpreted as a sequential decision-
making process in which decisions are made in ordinal stages. In this paper, first
we use a branching tree with a time axis to depict the problem, and then propose
a nested-simulation-based approach to solve the problem. When a dispatching
decision is requested by the manufacturing environment, the simulation will be
used to predict the possible future situation and to evaluate all job alternatives.
During each alternative simulation process, once a new decision point emerges,
the simulation approach will be utilized again, which is called nested alternative
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simulation in which a simple base rule is adopted for making decisions instead
of the simulation. The proposed approach has been superior to some simple rules
with respect to the average cycle time and total weighted tardiness.

An Efficient Multi-Objective Hybrid Simheuristic Approach for Advanced
Rolling Horizon Production Planning / Felix Kamhuber and Thomas Sobottka
(Fraunhofer Austria Research GmbH); Bernhard Heinzl (Vienna University of
Technology/Institute of Computer Engineering); and Wilfried Sihn (Fraunhofer
Austria Research GmbH, Vienna University of Technology/Institute of Man-
agement Science)

This contribution introduces an innovative holistic multi-objective simheuristic
approach for advanced production planning on rolling horizon basis for an
European industrial food manufacturer. The optimization combines an efficient
heuristic mixed-integer optimization, followed by a customized Simulated
Annealing algorithm. State-of-the-Art multi-objective solution techniques fail
to address highly fluctuating demands in a suitable way. Due to the lack of
modelling details, as well as dynamic constraints, these methods are unable to
adapt to seasonal (off-) peaks in demand and to consider resource adjustments.
Our approach features dynamic capacity and stock-level restrictions, which are
evaluated by an integrated simulation module, as well as a statistical explorative
data analysis. In addition to a smoothed production, mid-term stock levels,
setup-costs and the expected utilization of downstream equipment are optimized
simultaneously. The results show a ~ 30 to 40% reduced output variation rate,
thus yielding an equally reduced requirement for downstream equipment.

Simulation Based Forecast Data Generation and Evalutation of Forecast
Error Measures / Sarah Zeiml and Klaus Altendorfer (University of Applied
Sciences Upper Austria); Thomas Felberbauer (St. Plten University of Applied
Sciences); and Jamilya Nurgazina (St. Pélten University of Applied Sciences,
FH St. Polten)

Production planning is usually performed based on customer orders or demand
forecasts. The demand forecasts in production systems can either be generated
by manufacturing companies themselves, i.e. forecast prediction, or they can
be provided by customers. For both alternatives, forecast prediction, as well
as the customer-provided forecasts, the quality of those forecasts is critical for
success. In this paper, a simulation model to generate forecast data that mimic
different forecast behaviors is presented. In detail, an independent forecast dis-
tribution and a forecast evolution model are investigated to discuss the value of
customer-provided forecasts in comparison to the simple moving average fore-
cast prediction method. Main findings of the paper are that Root-Mean-Square-
Error and Mean-Absolute-Percentage-Error describe the forecast error well if
no systematic effects are present and Mean-Percentage-Error provides a good
measure for systematic effects. Furthermore, systematic effects like overbooking
are significantly reducing the value of customer-provided forecast information.

MASM: SEMICONDUCTOR MANUFACTURING / BALTIMORE 3

MASM Keynote
Lars Moench (University of Hagen)

A European View on Future Semiconductor Industry Needs for MASM /
Sabine Herlitschka (Infineon Technologies Austria AG)

The Modeling and Analysis of Semiconductor Manufacturing (MASM) confer-
ence and related previous conferences have emerged from the Joint European
Submicron Silicon Initiative (JESSI)/ SEMATECH collaboration project in the
late nineties of the last century. The Measurement and Improvement of Manufac-
turing Capacity (MIMAC) data sets, which also include a simulation model of
an Infineon facility, served for decades as reliable simulation reference models
with substantial complexity to test academic solutions for research questions
coming from academia itself and from the industry. More than a thousand of
peer-reviewed publications speak an impressive language on the academic and
industry coverage of MASM. Discrete-event and agent-based simulation have
moved from the tool and factory level to the entire semiconductor supply chain
and sometimes even beyond covering the domains of value chains containing
semiconductors. However, at the heart remained semiconductor manu—facturing
and semiconductor development. With “Horizon 2020” the European Commis-
sion has set up the largest international collaborative research & innovation
program. ECSEL, the Initiative on “Electronic Components and Systems for
European Leadership” is the joint strategic European approach building on the
JESSI experiences. Projects under the ECSEL umbrella contribute to reaching
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the next level for semiconductor development, manufacturing and supply chains.
In this talk, some first results of trend-setting projects will be discussed. In the
long term, it is very likely that new technologies such as Big Data, semantic web,
Al with Deep Learning will change the way how we develop and manufacture
semiconductors. The question is: how and who? MASM has to play a crucial
role on the way to answer this question. Clearly, the semiconductor industry and
its related B2B World containing semiconductors have the capacity to lead this
change, thus unlocking the broader innovation potential towards the B2C World.

SABINE HERLITSCHKA is Chief Executive Officer and Chief Technology
Officer of Infineon Technologies Austria AG. Her professional career includes
industrial biotechnology research, international research & innovation manage-
ment and financing, internships at leading U.S. organizations (National Science
Foundation, American Association for the Advancement of Science), Fulbright
Scholar at George Washington University and Johns Hopkins University/SAIS,
as well as founding vice-rector for Research Management & International Co-
operation at the Medical University of Graz (Austria). Before joining Infineon
Technologies Austria, Herlitschka was Director of European and International
Programs in the Austrian Research Promotion Agency. For more than twenty
years she has been involved in strategic European Research & Innovation Pro-
grams as project coordinator, evaluator, and member in pioneering European &
international expert groups. Amongst others, she is chair of the Governing Board
of ECSEL — the Electronic Components and Systems for European Leadership
Program. Herlitschka holds a Ph.D. in Food- and Biotechnology with Postdoc
specialization in molecular biology and genetic engineering and a Master of
Business Administration.

MILITARY APPLICATIONS / AZALEA 3

Panel: Using Simulation for Training and Wargaming
Nathaniel Bastian (Army Cyber Institute, U.S. Military Academy)

Closing the Gap Between Simulations for Training and Wargaming / Jeffrey
Erickson (Army Cyber Institute, U.S. Military Academy) and Garrett Heath
(Joint Staff J8)

The United States Department of Defense is at a crossroads with respect to
simulations. Operational commanders are expecting greater analysis capabili-
ties from the vast amount of simulations supporting their training events and
exercises. Current material, personnel, and training solutions are not organized
to meet this demand and will require changes. This paper describes the current
environment with respect to the training and analysis communities and provides
potential areas to leverage existing capabilities in a manner that will provide
greater benefit to operational commanders and staffs.

MODELING METHODOLOGY / MAGNOLIA 2

Theory of Modeling and Simulation
Pau Fonseca i Casas (Universitat Politéncica de Catalunya)

Investigation of Versatile Datatypes for Representing Time in Discrete-event
Simulation / Damian Vicino and Gabriel Wainer (Carleton University) and
Guillermo Trabes (Carleton University, Universidad Nacional de San Luis)

Discrete-Event Simulation (DES) is a technique in which the simulation engine
plays a history following a chronology of events in which the processing of each
event takes place at discrete points of a continuous timeline. The simulator must
interact actively with time variables for reproducing the chronology of events
over positive real numbers, which is usually represented by approximated
datatypes as floating-point. Nevertheless, the approximation made by commonly
used datatypes in simulations can affect the timeline, preventing the generation
of correct results. To overcome this problem, we present two new versatile
datatypes to represent time variables in DES. These new datatypes provide a
wider range of numbers reducing approximation errors, and if an error occurs,
the simulation user is notified. To test our datatypes, we perform an empirical
evaluation in order to compare their performance.

Developing Agent-based Migration Models in Pairs / Oliver Reinhardt (Univer-
sity of Rostock), Martin Hinsch and Jakub Bijak (University of Southampton),
and Adelinde M. Uhrmacher (University of Rostock)

Developing a realistic agent-based model of human migration requires particular
care. Committing too early to a specific model architecture, design, or language
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environment can later become costly in terms of the revisions required. To
examine specifically the impact of differences in implementation, we have de-
veloped two instances of the same model in parallel. One model is realized in the
programming language Julia, the underlying execution semantics is of a discrete
stepwise stochastic process. The other is realized in an external domain-specific
language ML3, based on a continuous-time Markov chain (CTMC) semantics.
By developing models in pairs in different approaches, important properties of
the target model can be more effectively revealed. In addition, the realization
within a programming language and an external domain-specific modeling
language respectively, helped identifying crucial features and trade-offs for
the future implementation of the model and the design of the domain-specific
modeling language.

Towards Adaptive Abstraction in Agent-based Simulation / Romain Franceschi-
ni (University of Corsica, University of Antwerp); Simon Van Mierlo (University
of Antwerp); and Hans Vangheluwe (University of Antwerp, McGill University)

Humans often switch between different levels of abstraction when reasoning
about salient properties of systems with complex dynamics. In this paper, we
study and compare multiple modelling and simulation techniques for switching
between abstractions. This improves insight and explainability as well as simu-
lation performance, while still producing identical answers to questions about
properties. Traffic flow modelled using an Agent-based Simulation formalism
is used to demonstrate the introduced concepts. The technique requires explicit
models (1) of the dynamics of both individual cars and of emergent “jams”,
(2) of the conditions —often involving complex temporal patterns—under which
switching between the levels of abstraction becomes possible/necessary and
(3) of the state initialization after a switch. While aggregation is natural when
going from detailed to abstract, the opposite direction requires additional state
variables in the abstract model.

SIMULATION OPTIMIZATION / ANNAPOLIS 1

Data Driven Simulation Optimization
Loo Hay Lee (National University of Singapore)

Robust Data-driven Optimization Using Machine Learning and Monte-Carlo
Simulation / Vincent Béchard (Différence S.E.N.C.)

This paper presents a framework that was developed to achieve data-driven
robust optimization of processes. The main idea is to automatically build a
single and global predictive model using a machine learning technique (random
forests), and then to use a derivative-free black-box optimization technique
(MADS) to maximize a performance criterion. Monte-Carlo simulation is
used to estimate pointwise prediction variance. This automated framework is
designed to find optimal variance-stabilizing solutions while preserving the
noisiness, non-smoothness, non-linearity, non-convexity and disjoint nature of
real-life data. The time it takes to prepare the dataset depends on the volume of
data, but this step occurs only once in the procedure. The time it takes to iterate
during optimization depends on three user-specified quantities; therefore, the
iterative portion is insensitive to data volume. Implementation was done using
the R programming language which offers a wide variety of data processing,
modelling and optimization capabilities.

Optimal Computing Budget Allocation for Binary Classification with Noisy
Labels and Its Applications on Simulation Analytics / Weizhi Liu and Haobin
Li (National University of Singapore), Hui Xiao (Southwestern University
of Finance and Economics), and Loo Hay Lee and Ek Peng Chew (National
University of Singapore)

In this study, we consider the budget allocation problem for binary classification
with noisy labels. The classification accuracy can be improved by reducing the
label noises which can be achieved by observing multiple independent obser-
vations of the labels. Hence, an efficient budget allocation strategy is needed
to reduce the label noise and meanwhile guarantees a promising classification
accuracy. Two problem settings are investigated in this work. One assumes that
we do not know the underlying classification structures and labels can only be
determined by comparing the sample average of its Bernoulli success probability
with a given threshold. The other case assumes that data points with different
labels can be separated by a hyperplane. For both cases, the closed-form optimal
budget allocation strategies are developed. A simulation analytics example is
used to demonstrate how the budget is allocated to different scenarios to further
improve the learning of optimal decision functions.
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Stochastic Approximation for Simulation Optimization under Input Uncer-
tainty with Streaming Data / Eunhye Song and Uday Shanbhag (Penn State
University)

We consider a simulation optimization problem whose objective function is
defined as the expectation of a simulation output based on a continuous decision
variable, where the parameters of the simulation input distributions are estimated
based on independent and identically distributed streaming data from a real-
world system. Finite-sample error in the input parameter estimates causes input
uncertainty in the simulation output, which decreases as the data size increases.
By viewing the problem through the lens of misspecified stochastic optimization,
we develop a stochastic approximation (SA) framework to solve a sequence of
problems defined by the sequence of input parameter estimates to increasing
levels of exactness. Under suitable assumptions, we observe that the error in
the SA solution diminishes to zero in expectation and propose a SA sampling
scheme so that the resulting solution iterates converge to the optimal solution
under the real-world input distribution at the best possible rate.

VENDOR / BALTIMORE 4
AnyLogic

AnyLogic Cloud — A Scalable Runtime Environment for Simulation Models
Used Operationally / Andrei Borschev and Nikolay Churkov (The AnyLogic
Company)

One of the major trends in simulation modeling these days is moving the execu-
tion of simulation models to the cloud. We will showcase AnyLogic Cloud —the
most advanced cloud solution existing today for simulation — and go through
its typical use cases, including: integration of simulation into custom analytical
workflows, scalable high performance computing, instant delivery of models
to clients and users, creation of custom web interfaces for simulation models,
and more. We will also quickly go through the AnyLogic Cloud’s open API and
introduce AnyLogic Private Cloud — the fully functional product for organiza-
tions with strict security guidelines.

AnyLogic — Applying AnyLogic Simulation to Solve Various Business
Challenges / Andrei Borschev, Nikolay Churkov, and Arash Mahdavi (The
AnyLogic Company)

In this presentation, we will discuss how you can leverage unique features of
AnyLogic simulation software to solve your business challenges. We dem-
onstrate applications of simulation in various domains and how AnyLogic’s
industry-specific libraries can help you to easily model complex, real-world
systems. Our main focus will be on the powerful capabilities of the Material
Handling Library (MHL) that is used to design detailed models of production and
storage facilities, in addition to managing material workflows inside four walls.
We showcase MHL features such as multi-tier conveyor/transporter networks,
path guided and free-space moving transporters (e.g., AGVs), density map for
free space transporters, jib and overhead cranes, and lifts.

Wednesday 8:00a.m.-9:30a.m.
ADVANCED TUTORIALS / AZALEA 2

Clinical Trial Simulation
David Bell (Brunel University London)

Clinical Trial Simulation: Modeling and Practical Considerations /| Anh Ninh
and Michael Lefew (College of William and Mary) and Vladimir Anisimov
(Amgen Ltd.)

As clinical trials are increasingly globalized with complex footprints over hun-
dreds of sites worldwide, sponsors and contract research organizations constantly
seek to make better and faster decisions on their investigational products, and
drug supply planning must evolve to ensure efficient, effective supply chain
for every study. This endeavor is challenging due to unique characteristics of
multi-center trials including randomization schemes for multiple treatment arms,
finite recruitment target (that is, across all sites, only a finite number of subjects
need be satisfied) and uncertainty in recruitment rates, etc. Simulation has great
potential for being the ideal tool which companies can utilize to make better
decisions with considerations to both supply chain risks and costs. To achieve
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this goal, it is important to understand the specifics of clinical trial supply chains.
Built upon this knowledge, our paper provides an advanced tutorial on modeling
and practical considerations in clinical supply simulation.

CASE STUDIES / BALTIMORE 5

Supply Chain
Alexander Garrido (Military University New Granada)

Performance Analysis of Demand-driven Material Requirements Planning for
a Bicycle Assembly Company / Wenhe Yang, Kentaro Kuwahara, and Soemon
Takakuwa (Chuo University)

Demand-driven material requirements planning (DDMRP) is considered as an
effective method to help enterprises plan and manage inventories and materials,
and it address the challenges of the increasing variability and complexity in the
current market environment. Herein, a simulation model of a bicycle assembly
company was constructed to verify and evaluate the DDMRP benefits, for
implementing experiments that consider variability.

Reducing the Risk of Feedstock Shortages in a Biofuel Supply Chain / Robin
Clark and Erin Webb (ORNL)

Inventory is a critical component of every supply chain. Typical supply chain
inventory management strategies can be applied to biofuel inventory; however,
depending on the feedstock, one might should follow a completely different
paradigm. For example, when using single stem poplar as feedstock in a biofuel
supply chain, the typical inventory policies do not apply. If poplar inventory is
stored in the field, the inventory will continue to grow, thus increasing its value.
When disease and drought conditions are present; however, they can affect a
portion of all the fields in the system regardless of their age. While there are
some poplar genomes that are more resistant to disease and drought, they may
lack the ideal growth curve. In this case study, we look at the tradeoffs around
growth curves, drought and disease tolerance, and storing inventory in the field.

Distribution Center Slotting and Optimization Using Simulation / Hosni Adra
(CreateASoft,Inc.)

Warehouse simulation and optimization have been used for many years to
improve the internal operations, from receiving to shipping, in distribution
centers. Most of these simulation environments are built on distributions and
potential scenarios, rather than actual warehouse flow. This case study presents
an improved method to optimize the warehouse using an actual outbound dataset
that takes into consideration seasonality, SKU slotting, rack types, and pick
path. Moreover, the generated simulation model is used for slotting analysis
and optimization.

INTRODUCTORY TUTORIALS / AZALEA 1

Cellular Automata Models with Cell-DEVS
Philip A. Wilsey (University of Cincinnati)

An Introduction to Cellular Automata Models with Cell-DEVS / Gabriel A.
Wainer (Carleton University)

In recent years, grid-shaped cellular models have gained popularity in this
sense. Cellular Automata (CA) have been widely used with these purposes.
The Cell-DEVS formalism is an extension to CA that can be used to build
discrete-event cell spaces, improving their definition by making the timing
specification more expressive. Different delay functions to specify the timing
behavior of each cell, allowing the modeler to represent the timing complex
behavior in a simple fashion. CD++ is a modeling and simulation tool that
implements DEVS and Cell-DEVS formalisms. Here, we show the use of these
techniques through a formal specification, and a variety of application examples,
including basic models using CA, and varied extensions including triangular
and hexagonal topologies.

LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 1

Supply Chain Planning under Catastrophic Risk
Bahar Biller (SAS Institute, Research and Development)
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In 'y Manag t under Disruption Risk / Bahar Biller (SAS Institute),
Elliot Wolf (Chemours), and Enver Yucesan (INSEAD)

Inventory management models help determine policies for managing trade-offs
between customer satisfaction and service cost. Initiatives like lean manufactur-
ing, pooling, and postponement have been proven to be effective in mitigating
the trade-offs by maintaining high levels of service while reducing system
inventories. However, such initiatives reduce the buffers, exacerbating supply
chain issues in the event of a disruption. We evaluate stocking decisions in the
presence of operational disruptions caused by random events such as natural
disasters or man-made disturbances. These disruptions represent different risks
from those associated with demand uncertainties as they stop production flow
and typically persist longer. Thus, operational disruptions can be much more
devastating though their likelihood of occurrence may be low. Using stochastic
simulation, we combine the newsvendor model capturing demand uncertainty
costs with catastrophe models capturing disruption/recovery costs. We apply
data analytics to the simulation outputs to obtain insights to manage inventory
under disruption risk.

Impact of Climate Change on Agricultural Production Decisions / Utku
Serhatli, Andre Calmon, and Enver Yucesan (INSEAD)

We analyze the optimal production and inventory assortment decisions of a seed
manufacturer facing increased yield variability triggered by extreme weather
conditions in addition to long supply lead times as well as supply and demand
uncertainty. We also investigate the limits of operational flexibility in the form
of postponement using simulation models that are calibrated through field data.
Our analysis shows that a minor increase in future yield variability leads to a
large increase in the optimal seed production quantities. Such a rise would not
only significantly increase the seed manufacturer’s working capital requirements,
but may also make its current supply capacity inadequate to fulfill its optimal
production plans. We also show that the value of postponement decreases with
higher yield variability, which also renders low-margin seeds more susceptible
to this volatility.

Evaluation of Risk and Efficiency Impacts on Offshore Diesel Logistics of
Different Operational Processes through Discrete-Event Simulation / Pedro
Chaves Meurer Moreira, Victor Anselmo Silva, and Ricardo Penna Leite
(Petrobras)

Since the Oil and Gas industry crisis in late 2014, oil companies are increasing
their focus on optimizing operations and reducing cost on upstream logistics.
However, this effort must be followed by the concern of maintaining satisfac-
tory logistics service to guarantee the continuity of the maritime units opera-
tions. The objective of this paper is to propose a different supply strategy that
reduces the risk of diesel shortages in maritime units at Campos Basin, Brazil.
The impacts of the new strategy on service level and cost are also taken into
account. A discrete-event stochastic simulation model has been developed to
consider the uncertainty components involved at the upstream logistics pro-
cesses. Results show that the supply strategy designed enables the reduction of
the risk of diesel unavailability, decreases the demand’s lead time and requires
fewer supply vessels.

LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 2

Using Online Data for Transportation Logistics
Vivek Bhatt (Ahmedabad University)

From OpenStreetMap and Cell Phone Data to Road Network Simulation
Models / Kai Gutenschwager (Ostfalia University of Applied Sciences) and
Robert D. McLeod and Marcia R. Friesen (University of Manitoba)

In the field of supply chain simulation, transport relations are often modeled
as transport times using distributions. Considering long-distance transport
relations, this is usually a suitable approach. But, for short-distance transports
within large cities, delays depend on specific roads and the time of day. Some
simulation tools offer geographical data for modeling actual roads. However,
in order to model time-dependent transport times, additional data are needed.
In this paper, we present an approach to tackle this problem. Road networks are
derived from OpenStreetMap data (including traffic signals). In order to obtain
the average speed of vehicles on an hourly basis, we conduct pre-simulation runs
modeling the entire inner-city traffic. The respective vehicle rides are derived
from trajectory data of cell phone users, where the assignment of users to cell
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phone tower sections is given for each hour of the day. First results for the city
of Winnipeg are presented.

Jam Tail Estimation Using Vehicle and Road Agents /| Hideyuki Mizuta
(IBM Japan)

Today, an increasing number of vehicles use [oT devices to communicate with
a control center to obtain such traffic information as road congestion conditions
and the current shortest route. We analyze the enormous amount of data obtained
from these vehicles and detect jam tails even if the percentage of vehicles with
IoT devices is small. For effective performance and improved accuracy when
analyzing an enormous amount of data for a wide road area, we use a multi-
agent system to collect and analyze the IoT data, which is stored in memory
with a hierarchical structure organized by vehicle agents and road agents. This
structure enables time series data to be analyzed from the viewpoint of each
vehicle and to be aggregated for jam analysis from the viewpoint of each road.
Furthermore, we use a large-scale traffic simulator to evaluate the behavior of
this IoT agent system.

MANUFACTURING APPLICATIONS / ANNAPOLIS 4

Manufacturing Optimization
Timothy Sprock (NIST)

Throughput Control and Giveaway Minimization of a Poultry Product
Batcher / Kay Peeters, Ivo Adan, and Tugce Martagan (Eindhoven University
of Technology)

Poultry plants have to operate under challenging deadlines due to recent devel-
opments in the industry. They have expressed the need for improved control
over their batching process to deal with these changes. In particular, they wish
to achieve a target throughput to ensure deadlines are made, while minimizing
the giveaway. This paper proposes an algorithm that is capable of controlling
such a poultry product batcher, and aims to achieve a target throughput and
minimize the giveaway. Using a simulation study we find that both objectives
can be achieved under a wide range of settings using the proposed algorithm.

A Hybrid Genetic Algorithm for the k-bounded Semi-online Bin Covering
Problem in Batching Machines / Bert Hubert Henriétte Hundscheid, Kay
Peeters, Jelle Adan, Tugce Martagan, and Ivo J.B.F. Adan (Eindhoven Univer-
sity of Technology)

The semi-online bin covering problem is a NP-hard problem that occurs in a
batching processes in a high-end poultry processing line. The objective is to
form batches of items with minimal giveaway, which is the difference between
the target and realized batch weight. The items in this process are allocated in
the order of arrival, and the weight of the first set of items is assumed to be
known. We develop a novel hybrid genetic algorithm, combining a genetic
algorithm and several local search methods. Simulation experiments based on
real-world data are performed to gain managerial insights. These simulations
suggest that the proposed algorithm produces high quality solutions within a
reasonable time limit.

Application of the Non-Linear Optimization Algorithm Differential Evolu-
tion for Optimization of Manufacturing Systems Regarding Their Energy
Efficiency / Matthias MeifBiner (TU Dortmund), Johanna Myrzik (University
of Bremen), and Christian Rehtanz (TU Dortmund)

Due to the increasing importance of energy efficiency in manufacturing systems,
this work analyzes the use of two optimization algorithms, which allow an
optimization of production systems. These two algorithms are the brute force
method and the Differential Evolution which is based on evolutionary strategy.
The objective value for the optimization is the energy efficiency, which is de-
scribed by an innovative indicator system. This is applicable to any hierarchical
level of a production system and considers the interdependencies between the
individual processes. An exemplary production system is modeled as an event
discrete simulation to analyze the functionality of the optimization algorithms.
The results show that the Differential Evolution is able to calculate the results
in less time compared to the brute force method. But the Differential Evolution
is not able to identify the global optimum in any case. Its reliability depends on
the parameterization of the three available control variables.
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MASM: SEMICONDUCTOR MANUFACTURING / BALTIMORE 3

Semiconductor Modeling Representations
Cathal Heavey (University of Limerick)

ECSEL Digital Reference - A Semantic Web for Semiconductor Manufactur-
ing and Supply Chains Containing Semiconductors / Hans Ehm (Infineon
Technologies AG); Nour Hany George Ramzy (Leibniz Hannover University,
Infineon Technologies AG); Patrick Moder (Technical University of Munich,
Infineon Technologies AG); Christoph Summerer (: Technical University of
Munich, Infineon Technologies AG); Simone Fetz (Technical University of
Munich, Infineon Technologies AG); and Cédric Neau (INSA Lyon, Infineon
Technologies AG)

Within the public-private ECSEL Joint Undertaking, the project Productive4.0
aims for improvements with regard to digitalization for electronic components
like semiconductors and systems as key enabling technologies. The semicon-
ductor industry has a high growth potential within the frame of digitalization as
manufactured products are intensively used in production and B2B environment.
Thus, Supply chains employing and fabricating semiconductors become the
core driver and beneficent of digitalization. In order to exploit digitalization
potentials, Semantic Web technologies are used to create a digital twin for
semiconductor supply chains and supply chains containing semiconductors.
Exemplary benefits of this lingua franca which can be understood by humans
and machines alike for various applications like simulation, deep learning,
security, trust, and automation are shown in this paper.

A New High-Volume/Low-Mix Simulation Testbed for Semiconductor Manu-
facturing / Michael Hassoun (Ariel University), Denny Kopp (University of
Hagen), Adar Kalir (Intel Corp.), and Lars Ménch (University of Hagen)

As part of an effort to present to the semiconductor manufacturing community
an updated wafer fab testbed, we provide the first of two simulation models,
namely a High-Volume/Low-Mix (HV/LM) fab simulation model. The model
is realistic in scale and level of complexity. A full description of the model
features is provided, and its performance is studied based on an implementation
using the AutoSched AP simulation tool. The simulation model is made publicly
available online to allow researchers as well as practitioners to gain hands-on
experience with it, and hopefully validate its features, or propose changes if
needed. A final version of the testbed, including a low-volume/high-mix wafer
fab simulation model will be presented within a year.

Research Opportunities Regarding Tree and Network Product Structure
Representations in a Semiconductor Supply Chain / Hans Ehm, Cédric
Neau, Christian James Martens, Thomas Ponsignon, and Tim Lauer (Infineon
Technologies) and Joaquin Garcia (Infineon Technologies Americas Corp.)

Semiconductor manufacturing is highly complex, invest intensive and constantly
changing due to innovation. The semiconductor product market is highly volatile
due to short product life cycles with difficult-to-predict ramps and end-of-life
demands. These challenges are mitigated via flexible production capabilities,
e.g. dynamic routing or rescheduling, used by planning systems to transfer
volatile demands to well-utilized factories. The product structure is one of the
keys for enabling the desired result. Product structure representations include
linear, tree, and network. In this paper, definitions of several product structure
representations are given and hypothesized benefits and drawbacks are discussed.
Research questions are posed, current research efforts are introduced, and the
hypothesis that a time dependent network-tree representation would be beneficial
is postulated. The problem statement is explained by a real case merger where
risk and opportunities based on the choice of product structure representation
were relevant and no final solution was determined.

MILITARY APPLICATIONS / AZALEA 3

Aircraft, Ships, and Drones: Applications of Simulation to Advance the
Force

Michael Lehocky (Naval Education and Training Command)

Optimal Technology Refresh Strategies for Strategic DMSMS Management

using Ranking and Selection / James Starling, Youngjun Choe, and Christina
Mastrangelo (University of Washington)
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The effects of Diminishing Manufacturing Sources and Material Shortages
(DMSMS) can be excessively costly if not addressed in a timely manner. A
strategic DMSMS management method that seeks to minimize the overall
life-cycle cost of a system, e.g. an aircraft or ship, is presented. The goal is
to select an optimal scheduling of technology refreshes over a fixed lifetime,
using lifetime buys as the mitigation option. A DMSMS specific cost model is
constructed that accounts for costs of multiple, diverse parts in a system and
multiple technology refreshes. This study shows the efficacy of using a ranking
and selection method to identify the optimal technology refresh strategy for a
complex and stochastic cost function dependent upon varying refresh costs. A
visual model is presented which provides the ability to quickly compare other
feasible strategies.

Simulating a Maritime Anti-Air Warfare Scenario to Optimize a Ship’s De-
fensive System / Shane N. Hall, Benjamin G. Thengvall, and Rachel L. Schauer
(OptTek Systems, Inc.)

Enemy anti-ship cruise missiles (ASCM) are increasing in capability thereby
posing a greater threat to United States Navy ships. Core to a ship’s defensive
system is a computer-based command and decision element that directs simulta-
neous operations across a broad set of mission areas. Fortunately, software-only
changes to this command element can be evaluated and fielded much more
quickly than hardware-based changes; and hence, methods to identify viable
software-only changes are needed. This study presents a simulation optimization
methodology to identify and evaluate such changes using a notional scenario.
First, a raid of ASCM threats against a single ship is simulated and then meta-
heuristics are used to determine the configuration for a ship’s defensive system
that maximizes survival. The simulation scenario, a ship’s defensive system,
and three specific optimization cases are presented. Results are provided for
each optimization case to show the defensive system configuration that best
ensures the ship’s survival.

A Distributed Agent-based Framework for a Constellation of Drones in a
Military Operation /| Alem Fitwi, Deeraj Nagothu, and Yu Chen (Binghamton
University) and Erik Blasch (AFOSR)

Often, a system of wide-band satellites is employed for real-time exchange of
information and over-the-horizon control, but the communications are prone to
denial of service (DoS) attacks, jamming, and delayed redeployment. Hence,
a swarm of drones could be deployed in mission-critical operations in times of
urgency for a secured and robust distributed-intercommunication which is es-
sential for survivability and successful completion of missions. In this paper, a
distributed agent-based framework for secure and reliable information exchange
between a constellation of drones is proposed. The framework comprises a
mechanism for path planning simulation and estimation, a flexible network
architecture for improved client-server (C/S), peer-to-peer (P2P) connectivity,
as well as agents for identity authentications and secure communications. The
agents are capable of collating information and images to respectively provide
comprehensive messages and views of target sites. The framework has been
simulated and verified with results showing promise.

MODELING METHODOLOGY / MAGNOLIA 2

Parallel and Distributed Simulation Methods
Esteban Mocskos (University of Buenos Aires (AR), CSC-CONICET)

Architecture and Design of a Cloud-based Visual Simulation Environment /
Sait Tuna Onder and Osman Balci (Virginia Tech)

Doing things “in the cloud” has become ubiquitous and the “cloud” has become
a rich platform for the use of modeling and simulation (M&S) anywhere and
anytime to provide solutions to complex problems. Creation of an Integrated
Development Environment (IDE) for building and executing visual M&S
applications “in the cloud” poses significant technical challenges. This paper
presents an architecture and a design of a cloud-based visual M&S IDE for the
example problem domain “traffic networks”. The IDE consists of integrated
software tools that provide computer-aided assistance in the composition and
visualization of simulation models under a web browser on a client computer
while the simulation model is being executed on a server computer. Based on a
client-server architecture enabling distributed multitiered M&S development, the
design employs an asynchronous visualization protocol with efficient resource
utilization. The architecture and design can assist researchers and developers
to create other cloud-based visual M&S IDEs.
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Towards a Deadline-based Simulation Experimentation Framework using
Micro-services Auto-scaling Approach / Anagnostou Anastasia, Simon J. E.
Taylor, and Nura Tijjani Abubakar (Brunel University London); Tamas Kiss,
James DesLauriers, Gregoire Gesmier, and Gabor Terstyanszky (University of
Westminster); and Peter Kacsuk and Jozsef Kovacs (MTA SZTAKI)

There is growing number of research efforts in developing auto-scaling algo-
rithms and tools for cloud resources. Traditional performance metrics such as
CPU, memory and bandwidth usage for scaling up or down resources are not
sufficient for all applications. For example, modeling and simulation experi-
mentation is usually expected to yield results within a specific timeframe. In
order to achieve this, often the quality of experiments is compromised either
by restricting the parameter space to be explored or by limiting the number of
replications required to give statistical confidence. In this paper, we present
early stages of a deadline-based simulation experimentation framework using a
micro-services auto-scaling approach. A case study of an agent-based simulation
of a population physical activity behavior is used to demonstrate our framework.

Hardware-assisted Incremental Checkpointing in Speculative Parallel
Discrete-event Simulation / Stefano Carna, Serena Ferracci, Emanuele De
Santis, and Alessandro Pellegrini (Sapienza, University of Rome) and Francesco
Quaglia (University of Rome Tor Vergata, Lockless S.r.l.)

Nowadays hardware platforms offer a plethora of innovative facities for profil-
ing the execution of programs. Most of them have been exploited as tools for
program characterization, thus being used as kind of program-external observers.
In this article we take the opposite perspective where hardware profiling facili-
ties are exploited to execute core functional tasks for the correct and efficient
execution of speculative Parallel Discrete Event Simulation (PDES) applica-
tions. In more detail we exploit them—specifically, the ones offered by Intel
x86-64 processors—to build a hardware-supported incremental checkpointing
solution that enables the reduction of the event-execution cost in speculative
PDES compared to the software-based counterpart. We integrated our solution
in the open source ROOT-Sim runtime environment, thus making it available
for exploitation.

SIMULATION OPTIMIZATION / ANNAPOLIS 1

Constraints
Giulia Pedrielli (Arizona State University)

Weakly Coupled Markov Decision Processes with Imperfect Information /
Mahshid Salemi Parizi and Archis Ghate (University of Washington)

Weakly coupled Markov decision processes (MDPs) are stochastic dynamic
programs where decisions in independent sub-MDPs are linked via constraints.
Their exact solution is computationally intractable. Numerical experiments have
shown that Lagrangian relaxation can be an effective approximation technique.
This paper considers two classes of weakly coupled MDPs with imperfect
information. In the first case, the transition probabilities for each sub-MDP are
characterized by parameters whose values are unknown. This yields a Bayes-
adaptive weakly coupled MDP. In the second case, the decision-maker cannot
observe the actual state and instead receives a noisy signal. This yields a weakly
coupled partially observable MDP. Computationally tractable approximate
dynamic programming methods combining semi-stochastic certainty equiva-
lent control or Thompson sampling with Lagrangian relaxation are proposed.
These methods are applied to a class of stochastic dynamic resource allocation
problems and to restless multi-armed bandit problems with partially observable
states. Insights are drawn from numerical experiments.

Validating Optimization with Uncertain Constraints / Henry Lam and Huajie
Qian (Columbia University)

‘We consider optimization with uncertain or probabilistic constraints under the
availability of limited data or Monte Carlo samples. In this situation, the obtained
solutions are subject to statistical noises that affect both the feasibility and the
objective performance. To guarantee feasibility, common approaches in data-
driven optimization impose constraint reformulations that are “safe” enough
to ensure solution feasibility with high confidence. Often times, selecting this
safety margin relies on loose statistical estimates, in turn leading to overly con-
servative and suboptimal solutions. We propose a validation-based framework
to balance the feasibility-optimality tradeoff more efficiently, by leveraging
the typical low-dimensional structure of solution paths in these data-driven
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reformulations instead of estimates based on the whole decision space utilized
by past approaches. We demonstrate how our approach can lead to a feasible
solution with less conservative safety adjustment and confidence guarantees.

Feasibility Cut Generation by Simulation: Server Allocation in Serial-parallel
Manufacturing Systems / Mengyi Zhang and Andrea Matta (Politecnico di
Milano), Arianna Alfieri (Politecnico di Torino), and Giulia Pedrielli (Arizona
State University)

Simulation-optimization problems exhibit substantial inefficiencies when ap-
plied to high-dimensional problems. The problem is exacerbated in the case
where feasibility also needs to be evaluated using simulation. In this work, we
propose an approximate iterative approach to identify feasible solutions and
quickly find good solutions to the original problem. The approach is based on
discrete-event optimization (i.e., a mathematical programming representation
of the simulation-optimization problems) and Benders decomposition, which is
used for cut generation while a system alternative is simulated. The procedure
is currently tailored for the server allocation problem in the multi-stage serial-
parallel manufacturing line constrained to a target system time on a specific
sample path. Results on randomly generated instances show its effectiveness
in quickly eliminating infeasible solutions, thus decreasing the required com-
putational effort and keeping the optimality gap low.

Wednesday 10:00a.m.-11:30a.m.
CASE STUDIES / BALTIMORE 5

Transportation/Logistics
Soemon Takakuwa (Chuo University, Nagoya University)

Business Resumption Planning Case Study / Edmund Levy (Self Employed
Consultant)

This case study describes one instance of a company achieving major cost avoid-
ance by updating and upgrading its planning for responding to a catastrophic
event, such as a natural disaster. Using large scale data collection, analysis, and
scenario development and simulation, the company was able, in cooperation
with its business loss insurance carrier, to optimize its planning and indemnifica-
tion for catastrophic business disruption. As a result, the company was able to
substantially reduce its exposure to financial loss, with the secondary benefit
of substantially reducing the cost of its business loss insurance premiums. This
was an example of big data, combined with simulations using the large-scale
data sets, to examine multiple scenarios, select a likely, “average” one, and
plan accordingly.

Knowledge Discovery in Simulation Data: An Industrial Case Study on Intra-
logistics in an Automotive Production / Niclas Feldkamp, Soeren Bergmann,
and Steffen Strassburger (Technische Universitit [lmenau) and Kristina Sokoll
and Matthias Clausing (AUDI AG)

Discrete-event simulation is an established and popular technology for investi-
gating the dynamic behavior of complex manufacturing and logistics systems.
In addition to conventional simulation studies that focus on single model
aspects answering project specific analysis questions, new developments in
computational power, data processing, and availability of big data infrastructures
enable the execution of broad scale simulation experimentation. In this work,
we applied our developed methodology of knowledge discovery in simulation
data onto an industrial case study of a production process from the AUDI AG.
The main focus of interest in this case study was the routing for intralogistics
material supply trains. We used broad scale experiment design in combination
with data mining methods to investigate a very large number of possible routes.
The goal was to find patterns and combinations for routes and associated factors,
and to investigate how they affect the system performance.

Simulation of Waterway Infrastructure / Rienk Bijlsma (Systems Navigator,
Rijkswaterstaat) and Tom van der Schelde (Rijkswaterstaat)

Since 1990 Rijkswaterstaat (part of the Dutch Ministry of Infrastructure and
Water Management) has used SIVAK, a simulation system to analyze ship
handling of traffic at locks, narrow waterways and other waterway infrastruc-
tures. Among else it can be used to investigate risks in extreme situations on
the waterway. Recently, SIVAK has been redeveloped by Systems Navigator,
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Witteveen+Bos and MARIN, in state-of-the-art object-oriented simulation
software (Simio). The Simio model works seamlessly with Systems Navigator’s
Scenario Navigator SAAS platform allowing Rijkswaterstaat to run SIVAK as
aweb-based solution available to users from any location, including simulation
model execution, animation, scenario management, KPI reporting, debugging,
documentation & scenario comparisons.

INTRODUCTORY TUTORIALS / AZALEA 1

Integrating Model-driven Engineering in Artificial Intelligence
Joseph Youssef (American University Of Beirut, IMT — Mines Ales)

Integrating Model-driven Engineering as the Next Challenge for Artificial
Intelligence—Application to Risk and Crisis Management / Frederick Benaben
and Matthieu Lauras (IMT Mines Albi, Georgia Tech) and Audrey Fertier and
Nicolas Salatgé (IMT Mines Albi)

Artificial Intelligence (Al) is currently on top of the hype regarding simultane-
ously research publications and industrial development. However, the current
status of Al makes it quite far and different from the current understanding of
Human intelligence. One suggestion that is made in this article is that Model-
Driven approaches could be considered as an interesting avenue to complement
classical visions of Al and to provide some missing features. Specifically, the
use of Model-Driven Engineering tools (such as metamodel and model trans-
formation) could benefit to the domain of Al by introducing a way to extend
the apprehension of unknown situations. To support that proposal, an illustra-
tive example is provided regarding the domain of risk and crisis management.

INTRODUCTORY TUTORIALS / AZALEA 2

Co-simulation of Continuous Systems
Romain Franceschini (University of Corsica, University of Antwerp)

Co-simulation of Continuous Systems: A Hands-on Approach |/ Claudio
Gomes (University of Antwerp) and Hans Vangheluwe (University of Antwerp,
McGill University)

Co-simulation consists of the theory and techniques to enable global simulation
of'a coupled system via the composition of simulators for each of the components
of the model. Despite the large number of applications and growing interest
in the challenges, practitioners still experience difficulties in configuring their
co-simulations. This tutorial introduces co-simulation of continuous systems,
targeted at researchers that want to develop their own co-simulation units and
master algorithms, using the Functional Mock-up Interface (FMI) Standard.
This document is complemented by online materials (Claudio 2019) that allow
the reader to experiment with different co-simulation algorithms, applied to the
examples introduced here.

LOGISTICS, SUPPLY CHAINS, TRANSPORTATION / BALTIMORE 1

Uncertainty Modeling in Operations Planning
Canan Gunes Corlu (Boston University)

An Inventory-Routing Problem with Stochastic Demand and Stock-out:
A Solution and Risk Analysis using Simheuristics / Bhakti Stephan Onggo
(University of Southampton), Angel A. Juan and Javier Panadero (Universitat
Oberta de Catalunya), Canan G. Corlu (Boston University), and Alba Agustin
(Public University of Navarre)

Supply chain operations have become more complex. Hence, in order to optimise
supply chain operations, we often need to simplify the optimisation problem
in such a way that it can be solved efficiently using either exact methods or
metaheuristics. One common simplification is to assume all model inputs
are deterministic. However, for some management decisions, considering the
uncertainty in model inputs (e.g., demands, travel times, processing times) is
essential. Otherwise, the results may be misleading and might lead to an incorrect
decision. This paper considers an example of a complex supply chain operation
that can be viewed as an Inventory-Routing Problem with stochastic demands.
We demonstrate how a simheuristic framework can be employed to solve the
problem. Further, we illustrate the risks of not considering input uncertainty.
The results show that simheuristics can produce a good result, and ignoring the
uncertainty in the model input may lead to sub-optimal results.
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Stochastic Simulation Model Development for Biopharmaceutical Production
Process Risk Analysis and Stability Control / Bo Wang and Wei Xie (North-
eastern University), Tugce Martagan and Alp Akcay (Eindhoven University of
Technology), and Canan Gunes Corlu (Boston University)

In this paper, we develop a stochastic simulation model for biomanufacturing
risk analysis by focusing on the production process from raw materials to
finished drug substance. By exploring biotechnology domain knowledge, we
model how the properties or attributes of each batch dynamically evolve along
the production process. We consider main sources of uncertainty leading to
batch-to-batch variation, such as raw material biomass, cell culture, and target
protein purification. The proposed simulation model allows us to incorporate
the underlying physical chemical interactions and also the no-wait constraint
in the purification process. It can be used to facilitate biomanufacturing risk
management and guide coherent operational decision making (i.e., production
scheduling and quality control) so that the stability of bio-drug quality can be
improved while efficiently utilizing the resources and speeding up the time to
market.

Simulation-based Performance Evaluation of a Manufacturing Facility with
Vertical AS/RS / Nitish Singh, Koen Herps, Tugce Martagan, and Ivo Adan
(Eindhoven University of Technology)

Klein Mechanisch Werkplaats Eindhoven (KMWE) is a precision manufacturing
company situated in the Netherlands and recently relocated to a new location
known as the ‘Brainport Industries Campus’ (BIC). This move allowed KMWE
to improve the performance of its manufacturing facility known as the ‘Tool
Service Center’ (TSC) by investing in vertical automated storage and retrieval
systems (AS/RSs). However, these decisions needed to be made under input
uncertainties since the move to BIC and modernization of existing equipment
would cause changes in operating parameters inside the facility, over which
little information was known in advance. In this study, we show how hybrid
simulation modelling was used to assess the impact of input uncertainties (such
as operator productivity, vertical storage height) on the throughput performance
of TSC. Ultimately, the outcomes of this research project were used by KMWE
to make an investment decision on new equipment acquisition quantity.

MANUFACTURING APPLICATIONS / ANNAPOLIS 4

Simulation in Operations
Giulia Pedrielli (Arizona State University)

Automated Model Develop t and Parametrization of Material Flow Simu-
lations / Michael Milde and Gunther Reinhart (Technical University of Munich)

Material flow simulations are a powerful tool for planning and improving com-
plex production systems. In practice, however, the potential of simulations cannot
be exploited. Long development times and high efforts complicate a successful
realization of simulation projects. In this paper we present a new approach to
automate time-consuming steps in simulation projects. Based on general tracking
and tracing data, our approach reduces the efforts in the area of data acquisition
and automates the steps of model development, model parameterization and
model implementation. The approach automatically identifies a material flow
model, classifies and parametrizes the identified material flow elements and
extracts basic control policies. A first prototypical implementation confirms
the validity of the approach. The results show that the simulation models can
be successfully created automatically with low manual effort.

A Simulator Testbed For MT-CONNECT Based Machines in a Scalable and
Federated Multi-enterprise Environment / Nabeel Mehdi and Binil Starly
(North Carolina State University)

The emergence and steady adoption of machine communication protocols like
the MTConnect are steering the manufacturing sector towards greater machine
interoperability, higher operational productivity, substantial cost savings with
advanced decision-making capabilities at the shop-floor level. MTConnect
GitHub repository and NIST Smart Manufacturing Systems (SMS) Test Bed are
two major resources for collecting data from CNC machines. However, these
tools would be insufficient and protractive in Modeling & Simulation (M&S)
scenarios where spawning hundreds of MTConnect agents and thousands of
adapters with real-time virtual machining is necessary for advancing research
in the digital supply chain. This paper introduces a flexible simulator testbed
of multiple MTConnect agents and adapters for simulating Levels 0 & 1 of the
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ISA-95 framework and help support R&D activities in complex multi-enterprise
supply chain scenarios. To the best knowledge of the authors, there is no publicly
accessible multi-enterprise MTConnect testbed yet.

Trends in Automatic Composition of Structures for Simulation Models in
Production and Logistics / Sigrid Wenzel (University of Kassel, Institute of
Production Technology and Logistics); Jakob Rehof (TU Dortmund University,
Chair for Software Engineering); Jana Stolipin (University of Kassel, Institute
of Production Technology and Logistics); and Jan Winkels (TU Dortmund
University, Chair for Software Engineering)

This paper presents challenges in the field of automatic generation of simulation
models in production and logistics. To this purpose, we first present existing
approaches in the field, we then analyze them, and we present trends in the
field of automatic assembly of structures for simulation models. Subsequently,
possibilities from the field of software engineering are discussed, illustrating
a possible approach to the composition of structures for simulation models. In
particular, the focus is placed on synthesis of logical structures by means of
combinatory logic. The strategy of how this logic can support the automated
generation of structural variants in simulation models is shown on the basis
of one of the areas of intralogistics. In our example, different possibilities of
structural variants should be clarified and their potential for automated genera-
tion demonstrated.

MODELING METHODOLOGY / MAGNOLIA 2

Learning about models and experiments
Veronica Gil-Costa (Universidad de San Luis, CONICET)

Deriving Simulation Models from Data: Steps of Simulation Studies Revisited
/ Sanja Lazarova-Molnar (University of Southern Denmark) and Xueping Li
(University of Tennessee)

Simulation is typically a result of a tremendous amount of work performed
by experts in various fields, usually in computer science, mathematics and the
corresponding application area. The currently uncomplicated accessibility to
data provides a significant opportunity to reduce the requirements for expert
knowledge in some aspects, or at least to only utilize expert knowledge to
supplement and validate data-derived models, or, vice versa, use collected data
to confirm and validate existing expert knowledge. In this paper we explore the
idea of derivation of simulation models from data. We, furthermore, survey and
summarize related existing efforts for the most popular simulation paradigms,
identifying benefits, opportunities and challenges, as well as discuss the ways
in which the traditional simulation study processes are impacted.

Simulation Experiment Schemas - Beyond Tools and Simulation Approaches
/ Pia Wilsdorf, Julius Zimmermann, Marcus Dombrowsky, Ursula van Rienen,
and Adelinde M. Uhrmacher (University of Rostock)

Simulation studies make use of various types of simulation experiments. For
users, specifying these experiments is a demanding task since the specification
depends on the experiment type and the idiosyncrasies of the used tools. Thus,
we present an experiment generation procedure that guides users through the
specification process, and abstracts away from the concrete execution environ-
ment. This abstraction is achieved by (1) developing schemas that define the
properties of simulation experiments and dependencies between them, (2)
specifying a mapping between schema properties and template fragments in the
specification language of a target backend. We develop schema, template frag-
ments, and mappings for stochastic discrete-event simulation, and show how the
concepts can be transported to a different domain of modeling and simulation.
Further, we expand the developed simple experiment schemas by a schema for
experiment designs, and generate executable sensitivity analysis experiments,
thereby demonstrating versatility and composability of our approach.

1e.

Enhancing R in Simulation through Deep Learning /| Muhammad
Shalihin Bin Othman and Gary Tan (National University of Singapore)

Modeling and simulation have been around for years and its application to study
several different systems and processes have proven its practical importance.
Various research has sought to optimize its performance and capabilities, but few
address the issues of generating realistic inputs for simulating into the future. In
this paper, some issues in the commonly used simulation flow were identified
and deep learning was introduced to enhance realism by learning historical
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data progressively, so as to generate realistic inputs to a simulation model. We
focus on improving the input generation phase and not the model of the system
itself. To the best of our knowledge, this is the first work that realizes the pos-
sibility of integrating deep learning models directly into simulation models for
general-purpose applications. Experiments showed that the proposed methods
are able to achieve higher overall accuracy in generating input sequences as
compared to current state-of-art.

SIMULATION OPTIMIZATION / ANNAPOLIS 1

Applications of Simulation Optimization
C. Lindsay Anderson (Cornell University)

Coordinated Traffic Signal Control via Bayesian Optimization for Hierarchical
Conditional Spaces / Hidetaka Ito, Kyota Tsutsumida, Tatsushi Matsubayashi,
Takeshi Kurashima, and Hiroyuki Toda (NTT Corporation)

We study the problem of coordination control of multiple traffic signals to
mitigate traffic congestion. The parameters we optimize are the coordination
pattern and offsets. A coordination pattern indicates which traffic signals are
coordinated. Offsets show how traffic signals can be coordinated. We aim at
finding the optimal combination of the coordination pattern and offsets. In this
paper, we treat it as an optimization problem whose search space is a conditional
space with hierarchical relationships; the coordination pattern determines the
controllability of the offsets. Then, we tackle the problem by proposing a novel
method built upon Bayesian Optimization, called BACH. Experiments demon-
strate that BACH successfully optimizes coordination control of traffic signals
and BACH outperforms various state-of-the-art approaches in the literature of
traffic signal control and Bayesian Optimization in terms of best parameters
found by these methods with a fixed budget.

A Simple Solution for Optimizing Weekly Agent Scheduling in a Multi-skill
Multi-channel Contact Center / Sigiao Li (Vrije Universiteit Amsterdam,
Shanghai Jiaotong University); Ger Koole (Vrije Universiteit Amsterdam); and
Oualid Jouini (Universite Paris-Saclay)

We study the staffing and shift scheduling problem in multi-skill multi-channel
contact centers, containing calls, emails and chats. Due to the fact that each
channel has its own operating characteristics, the existing solutions developed
for multi-skill call centers are not applicable to our problem. In this paper, we
first build a high fidelity simulation model at a weekly level to evaluate various
Quality of Service (QoS) measurements for a given schedule. Then we propose
a simulation-based optimization algorithm to solve the staffing and shift schedul-
ing problem integrally to minimize the total costs of agents under certain QoS
requirements. In the numerical experiments, we show the effectiveness of the
proposed approach with realistic instances.

Simulation Case Studies on Period Optimal Power Flow / Zongjie Wang, Ge
Guo, and Lindsay Anderson (Cornell University)

Traditional optimal power flow describes the system performance only in a
single snapshot while the resulting decisions are applied to an entire time period.
Therefore, how well the selected snapshot can represent the entire time period is
crucial for the effectiveness of optimal power flow. In this paper, period optimal
power flow is proposed with a given time period partitioned into consecutive
linear time intervals, in which bus voltages and power injections are linear
mapping of time. The optimal and operational limits in each time interval are
precisely represented by its median and two end snapshots, through which the
system performance of the optimal power flow model is significantly improved.
Case studies based on simulation of a modified IEEE 118-bus system have
demonstrated the simplicity and effectiveness of the proposed model.
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2019 Exhibitor Directory

Applied Materials

Booth #26

5225 West Wiley Post Way

Salt Lake City, UT 84116
www.appliedmaterials.com/global-services/automation-software

Decision making in industry continues to become more complicated. Customers
are more demanding as competition is fierce and costs for labor and materials
continue to rise. Managers need state-of-the-art tools to help in planning, design,
and operations. The AutoMod and AutoSched AP simulation products are the
only simulation products on the market that provide the accuracy, scalability and
performance necessary to model the most complex systems. The next evolution
of simulation products are in progress ensuring that it will meet the needs of
the simulation market for years to come. These advances have made AutoMod
and AutoSched AP the most widely used simulation packages for material
handling analyses and semiconductor modeling. The AutoMod and AutoSched
AP product suite from Applied Materials has been used on thousands of projects
empowering engineers and managers to make the best decisions. The power
lies in its performance, scalability and accuracy in detailed modeling of large
and complex manufacturing, distribution, automation and logistic operations,
leaving the competition behind.

Averill M. Law & Associates

Booth #22

4729 East Sunrise Drive

# 462

Tucson, AZ 85718

www.averill-law.com

We will be featuring three products and services: (1) We present public, online,
and onsite short courses on all aspects of simulation modeling. To date more than
560 live simulation courses have been presented in 20 countries, including onsite
courses for organizations such as AT&T, Boeing, Defence Science and Technol-
ogy Group (Australia), GM, H-P, IBM, NASA, NSA, UPS, and the U.S. Army;
(2) The ExpertFit distribution-fitting software will be demonstrated. Choosing
appropriate input probability distributions should be a fundamental part of
any sound simulation study. ExpertFit has more than 3000 user organizations
worldwide; and (3) The book Simulation Modeling and Analysis (5th edition,
McGraw-Hill, 2015) will be on display. It has been the leading simulation book
since 1982 with 175,000 copies in print and 19,700 citations.

CreateASoft

Booth #31 & 32

3909 75th Street

Ste 105

Aurora, IL 60504

www.createasoft.com

Pushing the boundary of Simulation, Connectivity and Predictive analytics,
CreateASoft offers the most advanced simulation platform in the industry.
Simcad Pro — Next Generation, on-the-fly dynamic simulation Software with
advanced modeling capability, multi-threading technology, scheduling and live
data connectivity. Stop by and check out the fully functional VR Simulator with
an integrated physics engine. Simcad Pro also includes dynamic value stream
mapping, live lean metrics, and real time model changes while the simulation
is running.

Take simulation to the next step and upgrade to SimTrack, Dynamic Execution
System with predictive analytics, IoT support and real time process efficiency
improvement. Connect to real time PLC data, RTLS/RFID, and internal sys-
tems to predict, schedule, and improve operational efficiency using dynamic
simulation technology.
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Flexsim Software Products, Inc

Booth #36

1577 North Technology Way, Ste. 2300

Orem, UT 84097

www.flexsim.com

In the past few years, FlexSim has become the preferred choice for technology
giants and some of the world’s most innovative companies. With the latest major
version of its flagship simulation modeling package, FlexSim 2019, FlexSim
continues to raise the bar for developing capable, valuable models with less
time and effort. Visit Booths #17 and #20 to learn more about recent updates to
database connectivity, data and analysis tools, emulation, and more. FlexSim
has proven capable of solving challenging problems across the manufacturing,
healthcare, warehousing, and supply chain sectors — see why FlexSim is the
right fit for your simulation needs.

Extendsim

Booth #11

6830 Via Del Oro, Ste. 230

San Jose, CA 95119

www.extendsim.com

From the company that created the first integrated simulation environment in
the 80s, first message-based discrete-event architecture plus hierarchical model
building in the 90s, and introduced an internal relational database and discrete
rate technology in the 00s, comes the next generation of innovation. Once again,
Imagine That Inc. revolutionizes the simulation industry by marrying reliability
block diagramming with process simulation software. Capture true resource
availability with ExtendSim Pro and deliver models with unprecedented levels
of accuracy. Plus, come see the advancements in the ExtendSim ASP license
— a cloud-based, self-hosting framework with multiple user-interface options:
web-based interface, Excel Add-In, or a lightweight stand-alone app. Join us
as we demonstrate how to use the power and flexibility of ExtendSim to solve
your complex modeling problems.

Frontline Solvers

Booth #7

PO Box 4288

Incline Village, NV 89450-4288

www.solver.com

Frontline Systems helps you get analytics results quickly with just a browser
or spreadsheet. We’re the only vendor offering cloud-based, full-power Monte
Carlo simulation, stochastic optimization, and machine learning for Excel. See
how easily you can solve risk analysis, resource allocation, forecasting and data
mining problems — starting for $250, and scaling up to the largest models, us-
ing Analytic Solver” for Excel Online, Excel for Windows or Macintosh, and
our RASON® modeling language and REST API. If you prefer writing code,
use our Solver and XLMiner® SDKs for C#, Java, C++, R and Python to easily
create your own analytics applications.

Geer Mountain

Booth #18

104 Geer Mountain Road

South Kent, CT 06785

www.flexsim.com

Geer Mountain provides a statistical software program, Stat::Fit, to analyze
data for discrete-event simulation or other event driven modeling. Version 3
now has 34 distributions, is faster, includes new graphics capabilities and has a
more intuitive user interface. The AutoFit function automatically fits continuous
and discrete distributions, provides relative comparison between distribution
types, and gives an absolute and relative measure of each distribution’s accept-
ability. The Export function translates the fitted distribution into specific forms
for simulation software. The distribution viewer allows interactive display of
distributions, providing for quick no-data representations. Additional features
include descriptive statistics, parameter estimates, goodness of fit tests, graphical
analysis, random variate generation and more.
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Institute of Industrial and Systems Engineers

Booth # 35

3577 Parkway Lane

Suite 200

Norcross, GA 30092

https://www.iise.org/Home/

IISE is the leading provider of cutting-edge industrial engineering continuing
education, and the source of productivity improvement information via the
Internet, publications and live events, including an annual conference, topical
conferences, technical seminars and webinars. IISE is an invaluable source of
member benefits that include a magazine, professional development programs,
an online career center, social networks, industry-and discipline-specific societies
and divisions, chapters and affinity programs.

INFORMS

Booth# 33

5521 Research Park Dr.

Catonsville, MD 21228

www.informs.org

INFORMS (The Institute for Operations Research and the Management Sci-
ences) is the leading international association for professionals in analytics and
operations research (O.R.). INFORMS advances research and develops and
promotes best practices in analytics and O.R. through collaboration, knowledge
sharing and professional development. INFORMS helps business, government,
and other organizational professionals make better decisions to drive value to
their organizations and society. Our certification program (CAP®), highly cited
publications, educational meetings and conferences, continuing education, indus-
try and process-focused networking communities, competitions, and recognition
provide professionals with the knowledge and connections they need to achieve
ever greater value for their organizations. Further information about INFORMS,
analytics, and operations research is at www.informs.org or @informs.

MathWorks

Booth #14

3 Apple Hill Drive

Natick, MA 01760

www.mathworks.com

The MATLAB and Simulink product families are fundamental applied math
and computational tools at the world’s educational institutions. Adopted by
more than 5000 universities and colleges, MathWorks products accelerate the
pace of learning, teaching, and research in engineering and science. MathWorks
products also help prepare students for careers in industry worldwide, where the
tools are widely used for data analysis, mathematical modeling, and algorithm
development in collaborative research and new product development. Applica-
tion areas include data analytics, mechatronics, communication systems, image
processing, computational finance, and computational biology. mathworks.com

MOSIMTEC

Booth #19

297 Herndon Parkway, Suite 301

Herndon, VA 22182

Wwww.mosimtec.com

MOSIMTEC is a professional services firm, assisting clients in making better
decisions through the application of advanced decision support tools. MOSIM-
TEC leverages modern advancements in modeling and simulation science and
technology to solve complex issues for clients across various industries. We pro-
vide consulting, training and software support in model development, computer
simulation, validation, verification, and output analysis. The MOSIMTEC team
has extensive experience working with leading computer simulation software.
MOSIMTEC helps predict outcomes, decide actions, and improve operations.

Exhibitor Directory
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ProbabilityManagement.org

Booth #10

PO Box 61045

Palo Alto, CA 94306

www.probabilitymanagement.org

Probability Management, Inc. is a 501(c)(3) nonprofit whose mission is to
systematize the communication of uncertainty through standards, best practices
and education. The organization’s open SIPmath™ Standard conveys results
between simulations running on different platforms as arrays of realizations and
metadata called SIPs (Stochastic Information Packets). Formats include XML,
CSV, Excel, and JSON. The SIPmath Modeler Tools for Excel leverage the Data
Table function to create spreadsheet models that perform thousands of trials per
keystroke based on SIP libraries generated in discrete-event simulations, R,
Python or other environments. To learn more, visit ProbabilityManagement.org.

Rockwell Automation (Arena® Simulation)

Booth #23

9500 Arboretum Boulevard

Suite 400

Austin, TX 78759

https://www.rockwellautomation.com/site-selection.html

Arena® Discrete-event Simulation Software, from Rockwell Automation, is
designed for use throughout an enterprise, supporting both in-depth analyses
of a particular functional area (e.g., manufacturing, logistics, customer service,
healthcare and more) and analysis of processes that span several functional areas.
Arena offers the unparalleled ease-of-use, flexibility, scalability, and domain
experience required for modeling any aspect of a business enterprise. Based
upon the concepts of the SIMAN simulation language and the Visual Designer
animation package, Arena uses a flowchart-style modeling methodology that
does not require you to program in another environment like C++ or Java. Its
hierarchical modeling and an extensive graphical library help make Arena the
world’s leading simulation system.

Rockwell Automation Inc. (ROK) is a global leader in industrial automation
and smart manufacturing, with a keen focus on technology innovation, domain
expertise, and integrity and corporate responsibility which fuels our success.

SAS

Booth #27

SAS Campus Dr.

Cary, NC 27513

www.sas.com/en_us/home.html

SAS Simulation Studio provides you an intuitive graphical environment for
building, executing, and analyzing the results from discrete-event simulation
models. You can easily model stationary and mobile resources, precisely control
entity preemption, use external data in your models, and control how simulated
data are created and saved. You can also integrate SAS Simulation Studio
with other SAS analytics, including embedding SAS programs in simulation
models and performing interactive experimental design, input analysis, and
output analysis.

The Society for Modelling & Simulation International
Booth 30

2598 Fortune Way

Suite I

Vista, CA 92081

http://scs.org/

SCS is the world’s premier professional society devoted to modeling and
simulation (M&S). Through our quality journals, JDMS and SIMUATION,
and our international conferences, we serve M&S professionals from around
the world. Our membership includes individuals from industry, government,
and academia whose interests span all aspects of M&S.You can also integrate
SAS Simulation Studio with other SAS analytics, including embedding SAS
programs in simulation models and performing interactive experimental design,
input analysis, and output analysis.

Exhibitor Directory
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Simio Simulation & Scheduling Software

Booth #1 & 2

504 Beaver St.

Sewickley, PA 15143

www.simio.com/index.php

Simio Simulation and Scheduling Software is the most advanced solution on
the market. With simulation, it is the only software that is fully object oriented
with process and objects being defined graphically with no programming. Unlike
other scheduling software, Simio allows you to introduce risk into your produc-
tion schedule with its patented Risk Based Planning and Scheduling. This dual
function in Simio not only helps you improve your business performance from
a facility design perspective, but also helps you maximize business results by
optimizing the use of critical resources and assessing the risk associated with
operational decisions.

SIMULS Corporation

Booth #5

225 Franklin Street, 26th Floor

Boston, MA 02110

wwww.simul8.com

For 25 years SIMULS Corporation has been leading the way in delivering
innovative simulation software. Our software is designed to put the power of
simulation inyour hands so you can transform the way your organization thinks,
operates andcommunicates. SIMULS’s intuitive software has helped global
industry leaderssuch as Chrysler, Geisinger and Cisco transform processes,
increase efficiencies and save millions of dollars. Come to our booth to try
SIMULS Online, another industry first that we launched earlier this year and
see how you can build and run simulations anywhere, anytime. Plus find out
what’s coming soon in SIMULS 2020...

System Navigator

Booth #15

Delftechpark 38

Delft, The Netherlands 2628 XH

Www.systemsnavigator.com

Systems Navigator is an independent software consultancy company. Since
2003, our employees are working around the globe for a wide range of cus-
tomers on the most challenging projects. We assist our customers in making
better decisions on where to spend their capital by demonstrating the impact of
change through simulation modelling that can calculate a wide range of future
scenarios. Our Dropboard platform for planning & scheduling helps companies
optimize their operations, improve customer service and maximize the use of
their assets. Systems Navigator is a distributor of Arena and Simio simulation
software and is the creator of Scenario Navigator.

The AnyLogic Company

Booth #37 & 38

Oakbrook Terrace Tower

1 Tower Ln, Suite 2655

Oakbrook Terrace, IL 60181

www.anylogic.com

AnyLogic Software is the standard in multimethod modeling technology which
equates to increased efficiency and less risk when tackling complex business
challenges. AnyLogic models enable analysts, engineers, and managers to gain
deeper insights and optimize complex systems and processes across a wide
range of industries. AnyLogic Software is utilized world-wide in thousands
of commercial organizations and academic institutions, and in over 40% of
Fortune 100 Companies.

The AnyLogic Company is a multinational team operating from the US and
Europe with a global network of partners. We design, develop, and market
simulation software for business applications.
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The Optimization Firm

Booth #6

5546 Darlington Dr

Pittsburgh, PA 15217

minlp.com/home

The Optimization Firm is a deep tech company founded on breakthrough soft-
ware engineering. Its software products are used in a wide variety of academic
and industrial applications ranging from asset management firms and chemical
process industries to energy production and pharmaceuticals. The company’s
flagship product, BARON, is the most advanced solver for global optimization.
Within seconds, BARON solves nonconvex optimization problems to global
optimality, providing the best solutions to some of the hardest problems in com-
putational decision-making. More than 400 institutions in over 50 countries rely
on BARON for its fast and accurate solutions. The company recently developed
ALAMO, a code for black-box optimization and learning of algebraic models
from data. The models generated by ALAMO are accurate, simple in functional
form, and generated from a minimal experimental data set.

VMS Solutions Co. Ltd

Booth #4

1952 Gallows Road, Suite 110

Vienna, VA 22182

vms-solutions.com/

VMS Solutions Co. Ltd., headquartered in Seoul, Korea, grew out of KAIST
(Korea Advanced Institute of Science and Technology) VMS Lab (Virtual Manu-
facturing Systems Laboratory) in 2000. VMS Global, Inc., Virginia-registered
company, was established for the US market in 2016 in Washington, DC, area.
As aleading SCM solution provider, VMS continuously improves its simulation-
based planning and scheduling solution. MOZART® focuses on current issues
and trends from world renowned customers. VMS makes the best efforts to be
the technology-oriented company fulfilling CSR (corporate social responsibility)
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WSC’19 Track Coordinators

Advanced Tutorials
Andrea D’ Ambrogio
University of Rome Tor Vergata, Italy

Andreas Tolk
MITRE Corporation

Agent-based Simulation
Stephan Onggo
University of Southampton, UK

Karthik Vasudevan
Amazon

Analysis Methodology

Dashi Singham

Naval Postgraduate School

Wei Xie

Rensselaer Polytechnic Institute

Ben Feng
University of Waterloo, Canada

Demet Batur
University of Nebraska Lincoln

Aviation Modeling & Analysis
Miguel Mujica Mota
HVA-Amsterdam University of Applied Sciences (NL)

Michael Schultz
TU Dresden, Germany

Big Data in Simulation
Abdolreza Abhari
Ryerson University, Canada

Hamdi Kavak
George Mason University

Case Studies
Fei Chen
Johnson & Johnson

David Sturrock
SIMIO LLC

Complex, Intelligent, Adaptive and Autonomous Systems (CIAAS)

Saurabh Mittal
MITRE Corporation

Claudia Szabo
U. Adelaide, Australia

Cybersecurity
Jason Jaskolka
Carleton University, Canada

Sachin Shetty
Old Dominion University

Danda Rawat
Howard University

Kevin Jin
Illinois Institute of Technology

Environmental Sustainability & Risk
Elie Azar

Khalifa University
United Arab Emirates

Carol Menassa
University of Michigan

WSC ’19 Track Coordinators
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Financial Risk Management
Xiaowei Zhang
City University of Hong Kong

Jose Blanchet
Stanford University

Gaming
Sebastiaan Meijer
KTH Royal Institute of Technology, Sweden

Jayanth Raghothama
KTH Royal Institute of Technology, Sweden

Healthcare
Maria Mayorga
NC State University

Xiaolan Xie
Nationale Supérieure des Mines de Saint Etienne, France

Masoud Fakhimi
University of Surrey, UK

Jie Song
Peking University, China

Hybrid Simulation
Tillal Eldabi
Brunel University, UK

Antuela Tako
Loughborough University, UK

David Bell
Brunel University, UK

Introductory Tutorials
Gregory Zacharewicz
IMT Mines Alés, France

Antonella Petrillo
U. Cassino e del Lazio Meridionale, Italy

Logistics, Supply Chain Management, Transportation
David Goldsman
Georgia Institute of Technology

Markus Rabe
Technische Universitit Dortmund, Germany

MASM: Semiconductor Manufacturing
John Fowler
Arizona State

Lars Monch
University of Hagen, Germany

Tae-Eog Lee
KAIST, Korea

Manufacturing Applications
Guodong Shao
U.S. National Institute of Standards and Technology

Christoph Laroque
WH Zwickau, Germany

Loo Hay Lee
National University of Singapore

Military Applications
Nathan Bastian
Army Cyber Institute, U.S. Military Academy

Andy Hall
Army Cyber Institute, U.S. Military Academy

WSC ’19 Track Coordinators
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Modeling Methodology
Gabriel Wainer
Carleton University, Canada

Richard Fujimoto
Georgia Institute of Technology

Olivier Dalle, University of Nice, France

Networks and Communications
Stenio Fernandes
Element Al

Jason Liu
Florida International University

PhD Colloquium
Weiwei Chen (Chair)
Rutgers University

Anastasia Anagnostou
Brunel University London, UK

Jose Padilla
Old Dominion University

Chang-Han Rhee
Northwestern University

Poster Session
Cristina Ruiz Martin
Carleton University

Masoud Fakhimi
University of Surrey, UK

Guilia Pedrielli
Arizona State University

Project Management and Construction
Ming Lu
University of Alberta, Canada

Fei Dai
West Virginia University

Risk Analysis
David Poza
University of Valladolid, Spain

Sam Savage
ProbabilityManagement.org

Uncertainty Quantification and Robust Simulation
Henry Lam
Columbia University

Eunhye Song
The Pennsylvania State University

Safety Applications
John Shortle
George Mason University

Amarnath Banerjee
Texas A&M University

Kevin Taaffe
Clemson University

Scientific Applications
Esteban Mocskos
University Buenos Aires, Argentina

Sergio Nesmachnow
University of the Republic, Uruguay

Simulation Education
Saikou Diallo
Old Dominion University

Mamadou Seck
Old Dominion University
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Simulation Optimization
Susan Hunter
Purdue University

Peter Salemi
MITRE Corporation

Juergen Branke
Warwick Business School, UK

Vendor
Edward J. Williams
University of Michigan & PMC

Miguel Mujica Mota
HVA — Amsterdam University of Applied Sciences, Netherlands

WSC ’19 Track Coordinators
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WSC 2019 Outstanding Reviewer Awards

The Winter Simulation Conference would not be possible without the hard work
of our 746 reviewers. This year, we are inaugurating the WSC Outstanding
Reviewer Awards to honor a set of reviewers who went above and beyond ex-
pectations to consistently provide reviews that were unusually careful, thorough,
and insightful. Their painstaking efforts not only ensured high quality papers,
but also greatly reduced the downstream workload of the Proceedings Editors,
thereby streamlining the creation of the proceedings.

The chairs of each track designated up to one awardee whose editorial work
they found particularly valuable. This year’s winners are:

Vincent Augusto, Ecole Nationale Superieure des Mines de Saint Etienne
Peter Buchholz, TU Dortmund

Wenying Ji, George Mason University

Carlos Kamienski, UFABC, Federal University of ABC
Chris Kuhlman, University of Virginia

Barry Lawson, University of Richmond

Marta Llobet Lopez, EUROCONTROL

Fabian Lorig, University of Trier

Dave Prochnow, MITRE

Sara Shashaani, North Carolina State University

DJ Van der Zee, University of Groningen

Joe Viana, Akershus University Hospital

Peter Frazier, Cornell University

Félix A. Villafafiez, University of Valladolid

Edward Williams, PMC

James Wilson, North Carolina State University

We are profoundly grateful to these individuals for their significant help in
enabling the high scholarly standards for which WSC is known.

Peter J. Haas, Program Chair

Nav Mustafee, Proceedings Chair
Young-Jun Son, General Chair

WSC ‘19 Outstanding Reviewer Awards
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WSC 2019 Best Contributed Paper Award
Finalists

BEST CONTRIBUTED APPLIED PAPER

Simulation of Real-Time and Opportunistic Truck Platooning at the Port of
Rotterdam. Berry Gerrits, Martijn R. K. Mes, and Peter Schuur. [Agent-based
Simulation, Mon 10am-11:30am, Magnolia 3]

Using Simulation to Quantify the Reliability of Control Sofiware. James Nutaro
and Ozgur Ozmen. [Scientific Applications, Mon 1:30pm-3pm, Magnolia 2.]

Who Goes There? Using An Agent-based Simulation for Tracking Population
Movement. Jordan Lueck, Jason H. Rife, Samarth Swarup, and Nasim Uddin.
[Agent-based Simulation, Mon 3:30pm-5pm, Magnolia 3.]

Simulation Solution Validation for an Integrated Emergency Post. Martijn
R.K. Mes and Martijn Koot. [Healthcare Applications, Tue 10am-11:30am,
Magnolia 1.]

Hybrid System Modeling Approach for the Depiction of the Energy Consump-
tion in Production Simulations. Anna Carina Roemer and Steffen Strassburger.
[Hybrid Simulation, Tue 1:30pm-3pm, Camellia 3.]

BEST CONTRIBUTED THEORETICAL PAPER

Lookahead Contraction Policies for Bayesian Ranking and Selection with
Pairwise Comparisons. Laura Priekule and Stephan Meisel. [Simulation Opti-
mization, Mon 10am-11:30am, Annapolis 1.]

Data-Driven Optimal Transport Cost Selection for Distributionally Robust
Optimization. Jose Blanchet,

Yang Kang, Karthyek Murthy, and Fan Zhang. [Uncertainty Quantification and
Robust Simulation, Mon 1:30pm-3pm, Annapolis 2.]

A Spectral Index for Selecting the Best Alternative. Guowei Sun, Yunchuan Li,
and Michael Fu. [Simulation Optimization, Mon 1:30pm-3pm, Annapolis 1.]

A Spline-based Method for Modelling and Generating a Nonhomogeneous Pois-
son Process. Lucy E. Morgan, Barry L. Nelson, Andrew C. Titman, and David
J. Worthington. [Analysis Methodology, Tue 10am-11:30am, Annapolis 2.]

Randomized Quasi-Monte Carlo for Quantile Estimation. Zachary T. Kaplan,

Yajuan Li, Marvin K. Nakayama, and Bruno Tuffin. [Analysis Methodology,
Tue 3:30pm-5pm, Annapolis 2.]

WSC ‘19 Best Contributed Paper Award Finalists
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Track Program Committee Members and

Referees

Name

Abdolreza Abhari
Simaan AbouRizk
Fernando Acebes
Alexander Afanasyev
Kishwar Ahmed
Changbum Ryan Ahn
Akin Akbulut

Alp Akcay

Ala’a Al-Habashna
Abdullah Alabdulkarim
Klaus Altendorfer

Athary Alwasel

Anastasia Anagnostou
Philipp Andelfinger

Sigrun Andradottir
Claudia Antonini
Roberto Aringhieri
Niniet Arvitrida
Tehseen Aslam

Toannis N. Athanasiadis
Shane Auerbach
Vincent Augusto

Elie Azar

Per Backlund

Jacopo A. Baggio
Mariusz Balaban
Poornima Balakrishna
Hari Balasubramanian
Osman Balci

Alan Ballard
Amarnath Banerjee
Hans-Peter Barbey
Joseph Barjis

Sean Barnes
Fernando Barros
Demet Batur

Brian Beckman
Femke Bekius

David Bell

Frederick Benaben
Bjorn Berg

Bahar Biller

Mickael Binois
Erik Blasch

Jakey Blue

Jeremy Blum

Paolo Bocciarelli
Matias Bonaventura

Fred Bowden
Sally Brailsford
Juergen Branke
Jens Brunner

Peter Buchholz
Stephen J. Buckley
Kai Budde

Ning Cai

Rodrigo Castro

Harold Enrique Castro Barrera

Nurcin Celik

Institution/Company

Ryerson University

University of Alberta

Universidad de Valladolid

Florida International University
Florida International University
Texas A&M University

University of Paderborn

Eindhoven University of Technology
Carleton University

Majmaah University

Upper Austrian University of Applied
Science

University of Surrey, King Saud
University

Brunel University London
TUMCREATE Ltd, Nanyang
Technological University

Georgia Institute of Technology
UTEC

Universita degli Studi di Torino
Institut Teknologi Sepuluh Nopember
University of Skévde

Wageningen University

University of Wisconsin

Ecole Nationale Superieure des Mines de
Saint Etienne

Khalifa University

University of Skévde

University of Central Florida

U.S. Army

Saab Sensis Corporation

University of Massachusetts Amherst
Virginia Tech

Naval Postgraduate School

Texas A&M University
Fachhochschule Bielefeld

Delft University of Technology
University of Maryland

University of Coimbra

University of Nebraska-Lincoln
Amazon

Delft University of Technology
Brunel University London

IMT Mines Albi, Georgia Tech
University of Minnesota

SAS Institute, Research and
Development

INRIA

Air Force Research Laboratory
National Taiwan University

The Pennsylvania State University
University of Rome Tor Vergata
University of Buenos Aires, ICC-
CONICET

Defence Science and Technology Group
University of Southampton

Warwick Business School
University of Augsburg

TU Dortmund

IBM T.J. Watson Research Center
University of Rostock

Hong Kong University of Science and
Technology

Universidad de Buenos Aires, ICC-
CONICET

Universidad de los Andes

University of Miami

WSC ’19 Program Committee Members & Referees
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Wai Kin (Victor) Chan

Ee-Chien Chang
Salim Chemlal
Nan Chen

Fei Chen

Lei Chen

Xi Chen

Ek Peng Chew
Stephen E. Chick
Chen-Fu Chien
Uwe Clausen
Amy Cohn
Andrew J. Collins
Kevin Comer
Kyle Cooper

Ivo Couckuyt
Alvaro Coutinho
Teresa Crea
Andrew Crooks
Denes Csala
Christine Currie
Christine Currie
Andrea D’ Ambrogio
Matthew Dabkowski
Brian Dangerfield
Grégoire DANOY
Ranjita Dash

Stephane Dauzere-Péres
Mariana De Almeida Costa
Ricardo de Oliveira Schmidt
Roland Deroo

Saikou Diallo

Anatoli Djanatliev
Jing Dong

Bing Dong

Bernabe Dorronsoro
Jing Du

Umut Durak

Juan Jose Durillo Barrionuevo
Bernd Durrwachter
Hans Ehm

Stephan Eidenbenz
Mahmoud Elbattah
Tillal Eldabi

Jeffrey Erickson

Lee Evans

Masoud Fakhimi
Weiwei Fan
Hongqin Fan

Javier Faulin

Xin Fei

Thomas Felberbauer
Ben Feng

Paul Fishwick

Idalia Flores

Doug Flournoy

Pau Fonseca i Casas
Kenneth Fordyce
John Fowler
Romain Franceschini

Peter Frazier
David Frye
Michael Fu

Xiuju Fu
Lawrence Fulton
Thilo Gamber

Tsinghua-Berkeley Shenzhen Institute
(TBSI), TBSI

National University of Singapore

Old Dominion University

The Chinese University of Hong Kong
Johnson & Johnson

Virginia Tech

National University of Singapore
INSEAD

National Tsing Hua University
TU Dortmund

University of Michigan

Old Dominion University

The MITRE Corporation

Tata Consultancy Services

Ghent University

Federal University of Rio de Janeiro
University of New South Wales
George Mason University
Lancaster University

University of Southampton
University of Southampton
University of Roma TorVergata
USMA

University of Bristol

SnT, University of Luxembourg
National Institute of Technology,
Rourkela

Ecole des Mines de Saint-Etienne
Georgia Institute of Technology
University of Passo Fundo
DGAC/STAC

Virginia Modeling, Analysis and
Simulation Center

University of Erlangen-Nuremberg
Columbia University

University of Cadiz

University of Florida

German Aerospace Center

Leibniz Supercomputing Centre
AnalyticDimensions.com

Infineon Technologies AG

Los Alamos National Laboratory
Université de Picardie Jules Verne
Brunel University London, Brunel
University

Army Cyber Institute

United States Military Academy
University of Surrey

Tongji University

The Hong Kong Polytechnic University
Public University of Navarre

University of Warwick

St. Polten University of Applied Sciences
University of Waterloo

University of Texas at Dallas

UNAM, Facultad de Ingenieria

The MITRE Corporation

Universitat Politencica de Catalunya
Arkieva

Arizona State University

University of Corsica, University of
Antwerp

Cornell University

Lockheed Martin

University of Maryland, Smith School of
Business

Institute of High Performance Computing
Texas State University

TH OWL University of Applied Sciences
and Arts

WSC ’19 Program Committee Members & Referees



Siyang Gao

Borja Garcia de Soto
Srinagesh Gavirneni

Ali Ghahramani

Soumyadip Ghosh

Kay Giesecke

Andrew Gill

Stephen Gillespie
Vishnunarayan Girishan Prabhu
Simon R. Goerger

Joel Goh

Ainhoa Goienetxea Uriarte
Dave Goldsman

Rhys Goldstein

Claudio Gomes

Leo M/ Gonzalez

Mariano Camilo Gonzalez Lebrero
Maheshwaran Gopalakrishnan
Ross J. Gore

Simon Gorecki

Abhijit Gosavi

Allen Greenwood
Paul Grogan
Thushara Gunda
Canan Gunes Corlu
Kai Gutenschwager
Adam Hahn

Andy Ham

Amin Hammad
Sang Han

Alison Harper
Michael Hassoun
Cathal Heavey
Monika Heiner

Shane G. Henderson
Luis Enrique Herrera Del Canto
Frank Herrmann
Glenn Hodges

Yuan Hong
Jiangiang Hu
Zhaolin Hu

Xiaolin Hu

Edward Y. Hua
Daniel Huber

Todd Huschka
Eyjolfur Ingi Asgeirsson
Julie Ivy

Philippe J. Giabbanelli
Mark Jackson
Shafagh Jafer

Jason Jaskolka
Sumin Jeon
Wenying Ji

Xinjia Jiang
Guangxin Jiang
Jesus A. Jimenez
Dong Jin

Bjo6rn Johansson
Harry Johnson
Albert Jones

Kasey Jones

Angel A. Juan
Sandeep Juneja
Jéanos Josvai

Baris Kacar
Chaitanya Kaligotla

Adar Kalir

Carlos Kamienski
Shih-Chung Kang
Korina Katsaliaki
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City University of Hong Kong
New York University Abu Dhabi
Cornell University

IBM T. J. Watson Research Center
Stanford University

Australian Department of Defence
U.S. Army

Clemson University

U.S. Army Corps of Engineers
National University of Singapore
University of Skévde

Georgia Institute of Technology
Autodesk Research

University of Antwerp

UPM

Universidad de Buenos Aires
Chalmers University of Technology
Old Dominion University
University of Bordeaux

Missouri University of Science and
Technology

Miississippi State University
Stevens Institute of Technology
Sandia National Laboratories
Boston University

Ostfalia University of Applied Sciences
WSsuU

Liberty University

Concordia University

Concordia University

University of Exeter

Ariel University

University of Limerick
Brandenburg University of Technology
Cottbug

Cornell University

ITESM

OTH Regensburg

Naval Postgraduate School

[llinois Institute of Technology
Fudan University

Tongji University

Georgia State University

MITRE Corporation

Fraunhofer IAIS

Mayo Clinic

Reykjavik University

North Carolina State University
Furman University

Georgia Institute of Technology
Embry-Riddle Aeronautical University
Carleton University

Siemens

George Mason University

NUAA

Shanghai University

Texas State University-San Marcos
Illinois Institute of Technology
Chalmers University of Technology
Lockheed Martin

NIST

RTI International

IN3-Open University of Catalonia, IN3
Tata Institute of Fundamental Research
Széchenyi Istvan University

SAS Institute Inc.

Argonne National Laboratory, The
University of Chicago

Intel Israel

UFABC, Federal University of ABC
University of Alberta

International Hellenic University

WSC ’19 Program Committee Members & Referees
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Hamdi Kavak
Andew Keith
Peter Kemper
Sujin Kim
Seong-Hee Kim
Duckbong Kim
Yun Kim
Joon-Seok Kim
Andreas Klemmt
Alex Kline

Astrid Klueter
Matthew Koehler
Nan Kong

Denny Kopp
Steven Kou
Dmitry Kravchenko
Caroline C. Krejci
Chris Kuhlman
Vinay Kulkarni
Martin Kunc
Markus Konig
Henry Lam

Ettore Lanzarone
Christoph Laroque
Jennifer Lather
Matthieu Lauras

Averill M. Law
Barry Lawson
James F. Leathrum
Reda M. Lebcir

Ju Yeon Lee

Loo Hay Lee
SangHyun Lee
Taesik Lee

Michael Lehocky
Marco Lemessi
Peter Lendermann
Michael Lepech
Feng Li

Xiaoou Li
Haobin Li

Yujing Lin

Hui Lin
Guangwu Liu
Jingchen Liu
Hexu Liu

Jason Liu

Marta Llobet Lopez
Margaret Loper
Fabian Lorig
Ming Lu
Emmanuel Lujan
Heide Lukosch
Francisco Luna
Jun Luo

Xiaowei Luo
Adolfo Lopez
Lothar Maerz

Vinutha Magal Shreenath

Imran Mahmood

Fermin Mallor
Madhav Marathe

Wesley Marrero Colon

Cristian Mateos
Manuel Maurette
Thomas Mayer
Leon McGinnis
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WSC Board of Directors

The Board of Directors is responsible for the year-to-year continuity and or-
ganization of the Winter Simulation Conference. It also selects the members
of the Conference Committee for each WSC. The Board consists of members
from each of the eight sponsoring organizations and has four rotating officers:
Chair, Vice Chair, Secretary and Liaison to each year’s conference.

American Statistical Association (ASA), Technical Co-Sponsor
Fei Chen

Johnson & Johnson

fchen6@its.jnj.com

Arbeitsgemeinschaft Simulation (ASIM), Technical Co-Sponsor
Oliver Rose
Universitit der Bundeswehr Miinchen

oliver.rose@unibw.de

Association for Computing Machinery/Special Interest Group on
Simulation (ACM/SIGSIM)

Charles M. Macal

Argonne National Laboratory

macal@anl.gov

Andreas Tolk (Vice Chair)
MITRE Corporation
SimlS Inc.

atolk@mitre.org

Institute of Electrical and Electronics Engineers/Systems, Man, and
Cybernetics Society IEEE/SMCS), Technical Co-Sponsor

Jeffrey A. Joines

North Carolina State University

jeffjoines@ncsu.edu

Institute of Industrial and Systems Engineers (IISE)
Ann Dunkin

County of Santa Clara

ann.dunkin@jisd.sccgov.org

Jeffrey S. Smith (Chair)
Auburn University

jsmith@auburn.edu

INFORMS Simulation Society
Michael E. Kuhl
Rochester Institute of Technology

mekeie@rit.edu

Enver Yucesan (Immediate Past Chair)
INSEAD
enver.yucesan@insead.edu

National Institute of Standards and Technology (NIST),
Technical Co-Sponsor

Timothy Sprock

NIST

timothy.sprock@nist.gov

The Operational Research Society (ORS-UK)
Stewart Robinson

Loughborough University
S.L.Robinson@lboro.ac.uk

The Society for Modeling and Simulation International (SCS)
John A. Sokolowski (Secretary)

VMASC, Old Dominion University

jsokolow@odu.edu

Gabriel Wainer
Carleton University
gwainer(@sce.carleton.ca
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Conference

2020 Winter Simulation Conference (WinterSim 2020)
December 13-16, Orlando World Center Marriott,
Orlando, Florida
http://www.wintersim.org/2020

Call for Papers
Conference Theme: Simulation Drives Innovation

The focus of WSC 2020 is on the innovation that can be driven forward
through the use of simulation.

We live in exciting times in which the power of data and computing are
at our fingertips. With this increased power comes increased complexity -
which invites simulation as a natural tool to help drive innovation. This, in
turn, allows us to innovate in the theory and practice of simulation itself.
We invite papers that highlight innovations in both simulation theory and
applications, with a specific interest in innovative uses of simulation in
unconventional areas such as the humanities, social sciences, and the arts.

WSC2020 KEYNOTE SPEAKER

Ben Amaba, PhD, PE, CPIM(R), LEED(R)AP

Chief Technology Officer for the Industrial Sector, IBM Data Sciences and
Artificial Intelligence Team Elite

The Rapid Democratization and Integration of Data with Simulation,
Optimization and Artificial Intelligence

LUNCH PANEL EVENTS
Simulation Across Boundaries
Speakers TBD

PROGRAM
WSC 2020 features a comprehensive program ranging from introductory
tutorials to state-of-the-art research and practice. Planned tracks are:

» Advanced Tutorials * Modeling and Analysis of

+ Agent-based Simulation Semiconductor Manufacturing
* Analysis Methodology * Modeling Methodology

* Aviation Modeling & Analysis * Model Uncertainty & Robust
* Big Data/Process Modeling Simulation

* PhD Colloquium
Poster Sessions

 Case Studies
» Complex, Intelligent, Adaptive

& Autonomous Systems  Professional Development

« Environmental & * Project Management &
Sustainability Applications Construction

« Gaming and Participatory  Scientific Applications
Methods  Simulation and the Humanities

» Healthcare Applications ¢ Simulation Education

* Hybrid Simulation * Simulation for Global

* Introductory Tutorials Challenges

+ Logistics, Supply Chains, & * Simulation in Industry 4.0
Transportation * Simulation Optimization

* Manufacturing Applications » Using Simulation to Innovate

» Military Applications * Vendor
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PAPER AND ABSTRACT DEADLINES AND REQUIREMENTS

All submissions will be peer reviewed. Accepted papers will be published
in the digital version of the conference proceedings stored in IEEE and ACM
repositories. All papers must be presented for the paper to be fully published,
copyrighted and disseminated. Instructions, information, submission forms
and procedures are available on the WSC website. Extended abstracts will
appear in the INFORMS Simulation Society archives, but not in the ACM and
IEEE digital proceedings.

Each accepted paper must have a separate, paid registration. Only under highly
unusual circumstances, and at the discretion of the conference leadership, will
an author be allowed to present more than one paper on a single registration.
Authors wishing to do so must contact the Program Chair by September 1,
clearly describing which papers the authors wish to present under the single
registration, and why an exception to the conference policy is warranted.
Unless permission is granted, an author planning to present two papers will be
required to pay for two registrations.

Contributed Paper Deadlines

° April 3, 2020: Electronically submit contributed papers not
previously published or presented. Each submission must be use
the Word or LaTeX templates on the Authors Kit. The page size in
the proceedings is 8.5 by 11 inches (21.6 cm by 27.9 cm). Papers
should be at most 12 pages (including an abstract of not more than
150 words), except for introductory tutorials, advanced tutorials,
and panel sessions, for which the limit is 15 pages. Submission
implies that an author will attend WSC 2020 and present the paper,
and all clearance required for publication of the paper will be
obtained by July 15, 2020. Use of the authors’ templates in one
of the following formats is required: Microsoft Word or LaTeX.
Submissions must be made through the WSC website.

e May 29, 2020: Notification of acceptance

e June 30, 2020: Authors electronically submit corrected papers to
the Proceedings Editor.

. July-August 2020: The Proceedings Editors contact authors
with formatting-related queries and corrections, with individual
deadlines for submitting the camera-ready copy.

Poster Session or Ph.D. Colloquium (One or the other, submission to both
Poster Session and the PhD Colloquium is not allowed for 2020)

. August 3, 2020: electronically submit 2-page extended abstracts
for presentations in the Poster Session and Ph.D. Student Collo-
quium.

e August 31, 2020: Notification of acceptance to authors (including
details about submitting slides, and formats of the posters).

. September 11, 2020: Final extended abstracts due.

. October 23, 2020: Slides for the presentation due (see guidelines
in the track information)

. December 13, 2020: Bring your poster to WSC 2020. The Poster
Flash Presentation Session and Ph.D. Colloquium both run on Sun-
day, December 13, so participation in both is not possible.

Case Study and Professional Development Track Deadlines
. August 3, 2020: electronically submit 2-page extended abstracts
for presentations.
. August 31, 2020: Notification of acceptance to authors (including
details about submitting slides, and formats of the posters).
° September 11, 2020: Final extended abstracts due.

WSC 2020 is sponsored by ACM/SIGSIM, ASA (Technical Co-Sponsor),
ASIM (Technical Co-Sponsor), IEEE/SMC (Technical Co-Sponsor), IISE,
INFORMS-SIM, NIST (Technical Co-Sponsor), SCS, and ORS (UK, Technical
-Co-Sponsor).
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The WSC Foundation

The purpose of the WSC Foundation (WSCF) is to develop and manage a
Fund to help ensure the continuance and high quality of the Winter Simulation
Conference (WSC). Management of the Fund allows for (a) providing loans
or grants from the Fund to the WSC Board of Directors when the WSC Board
makes such requests and the WSCF deems it prudent and wise to do so; (b)
allocating assets of the Fund to balance return, risk and liquidity; and (c) ac-
cepting donations to the Fund and raising money for the Fund as and when it is
deemed appropriate. The WSCF operates independently of the WSC Board of
Directors, and is also independent of the annual WSC Committees. The WSCF
operates under the parent organization INFORMS.

Everyone in the international simulation community is deeply indebted to the
patrons listed below for their unwavering support. In the case of multiple do-
nations from the same individual, corporation or organization, the amounts of
the donations are cumulative in terms of determining the category of donation.

For more information on the WSC Foundation, please visit:

http://connect.informs.org/wscfoundation

Sustaining Patrons ($500 or More)

Anonymous Donations “In Honor of James Reed Wilson I1I” (2)
Anonymous Donors (2)

Brad Armstrong (CertainTeed)

Russell Barton (Penn State)

Osman Balci (Virginia Tech)

William E. Biles (University of Louisville)

Justin Boesel (The MITRE Corporation)

Felix Breitenecker (ARGESIM-Vienna University of Technology)
John M. Charnes (The University of Kansas)

Ann Dunkin (Hewlett-Packard Company)

David M. Ferrin (Business Prototyping, Inc.)

John W. Fowler (Arizona State University)

Michael C. Fu (University of Maryland)

David Goldsman (Georgia Tech)

Peter and Laura Haas (IBM Corporation)

Raymond Hill (and the entire Dept. of Biomedical, Industrial & Human
Factors Engineering, Wright State University)
INFORMS-College on Simulation

Ricki G. Ingalls (Oklahoma State University)

Bjorn Johansson (Chalmers University of Technology)

Keebom Kang (Naval Postgraduate School)

W. David Kelton (University of Cincinnati)

Vlad Lewis and Natasha Smith, “In Memory of Peter A. W. Lewis”
Martin Miller (Business Prototyping, Inc.)

Douglas and Deanna Morrice (The University of Texas at Austin)
Richard E. Nance (Virginia Tech)

Barry L. Nelson (Northwestern University)

C. Dennis Pegden (Rockwell Software)

Charles H. Reilly (University of Central Florida)

Stephen D. Roberts (North Carolina State University)

Paul J. Sanchez (Naval Postgraduate School)

Susan M. Sanchez (Naval Postgraduate School)

Bruce W. Schmeiser (Purdue University)

Thomas J. Schriber (University of Michigan)

Donna and Lee Schruben (University of California, Berkeley)
Herb Schwetman (Mesquite Software, Inc.)

Leyuan Shi (University of Wisconsin-Madison)

Jane L. Snowdon (IBM T. J. Watson Research Center)

Jeffrey D. Tew (General Motors Research and Development Center)
Michael R. Taaffe (Virginia Tech)

K. Preston White (University of Virginia)

Frederick P. Wieland (The MITRE Corporation)

James R. Wilson (North Carolina State University)

Enver Yiicesan (INSEAD)
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Gold Patrons ($250 - $499)

Simaan AbouRizk (University of Alberta)

Anonymous Donor

Athanassios N. Avramidis (University of Montreal)
Martha A. Centeno (Florida International University)
Russell C.H. Cheng (University of Southampton)

Randall Gibson (Automation Associates, Inc.)

Paul Glasserman (Columbia University)

Donald Gross (George Mason University)

Michael E. Kuhl (Rochester Institute of Technology)
Mani Mannivannan (Vector SCM)

Susumu Morito (Waseda University)

Kenneth Musselman (MAPICS, Inc.)

Ray J. Paul (and the entire Dept. of Information Systems & Computing,
Brunel University)

Michael Pidd (Lancaster University)

Ralph Rogers (East Carolina University)

Robert G. Sargent (Syracuse University)

James J. Swain (The University of Alabama in Huntsville)
Brian Unger (University of Calgary)

Silver Patrons ($125 - $249)

Christos Alexopoulos (Georgia Tech)

Sigran Andradottir (Georgia Tech)
Anonymous Donor

Farhad Azadivar (University of Massachusetts Dartmouth)
Diane P. Bischak (University of Calgary)
John S. Carson, II (Brooks Automation, Inc.)
Chun-Hung Chen (George Mason University)
E. Jack Chen (BASF Corporation)

Paul A. Fishwick (University of Florida)
Seong-Hee Kim (Georgia Tech)

Averill M. Law (Averill Law & Associates)
Pierre L’Ecuyer (University of Montreal)
Gerald T. Mackulak (Arizona State University)
Daniel J. Muller (Brooks Automation, Inc.)
Julian Reitman (Retired)

Manuel D. Rossetti (University of Arkansas)
Robert E. Shannon (Texas A&M University)
J. D. Selby-Lucas (East Carolina University)
Jeffrey S. Smith (Auburn University)

Pandu Tadikamalla (University of Pittsburgh)
Peter D. Welch (Walpole Software)

Patrons (Any Amount)

Anonymous Donors (3)

Jerry Banks (Independent Consultant)

Maged M. Dessouky (University of Southern California)
Gerald W. Evans (University of Louisville)

Philip Heidelberger (IBM T.J. Watson Research Center)
Joseph C. Hugan (Forward Vision Services)

Lawrence M. Leemis (The College of William & Mary)
D. J. Medeiros (The Pennsylvania State University)
David M. Nicol (University of Illinois)

Acacio M.O. Porta Nova (and the entire Dept. of Engineering & Mgt.,
Instituto Superior Técnico, Lisbon)

Stephen M. Robinson (University of Wisconsin-Madison)
Perwez Shahabuddin (Columbia University)

Charles R. Standridge (Grand Valley State University)
Thomas R. Willemain (Rensselaer Polytechnic Institute)
David H. Withers (Retired)

The WSC Foundation
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USB Key Instructions

Getting Started

The contents of this product are designed to be viewed directly from the
media (USB Key). To access content, double click the main EXE file named
2019_WSC_Content.exe and it will open on your computer.]

System Requirements

Windows
. Windows 7 or newer
. Intel Pentium 4 or later
. 512 MB of Ram

Macintosh
. Mac OS X 10.9 or newer
. 64-bit Intel Processor
. 512 MB of Ram

Need Help?

Refer to the “readme.htm” file located on this drive for product support.
Omnipress technical phone support is available at 608-246-2600 (Mon-Fri
8am-5pm CST) or by e-mail at digital@omnipress.com. This product is not
supported if hosted on a web server.

This product was produced by Omnipress — leaders in conference & educational
publications.

Www.omnipress.com

©2019 Omnipress. All rights reserved. All other trademarks are property of their respective owners.

CD-ROM & USB Key Instructions
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College of Information
& Computer Sciences

UMassAmbherst

COMPUTING FOR
THE COMMON (ﬁOD

To learn about our graduate programs or
open faculty positions, visit:

cics.umass.edu
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EXHIBITING COMPANIES

Applied Materials

Averill M. Law & Associates
CreateASoft, Inc.

ExtendSim

FlexSim Software Products, Inc.
Frontline Solvers

Geer Mountain

IISE

INFORMS

MathWorks

MOSIMTEC LLC

Probability Management

Rockwell Automation (Arena(R) Simulation)
SAS

SCS

Simio Simulation & Scheduling Software
SIMUL8 Corporation

Systems Navigator

The AnyLogic Company

The Optimization Firm

VMS Global, Inc.

Booth #

22
31832



FUTURE WINTER
SIMULATION CONFERENCES

December 13-16, 2020
Orlando World Center Marriott | Orlando, Florida
Chair: Renée Thiesing

December 12-15, 2021
JW Marriott Desert Ridge | Phoenix, Arizona
Chair: Margaret Loper

December 11-14, 2022
Marina Bay Sands | Singapore, Asia
Chair: Peter Lendermann

December 10-13, 2023
San Antonio Marriott Rivercenter | San Antonio, Texas
Chair: Bahar Biller

WSC 2019
SPONSORING SOCIETIES

American Statistical Association (ASA)
Technical Co-Sponsor

Arbeitsgemeinschaft Simulation (ASIM)
Technical Co-Sponsor

Assaciation for Computing Machinery:
Special Interest Group on Simulation (ACM/SIGSIM)

Institute for Operations Research and the
Management Sciences Simulation Society
(INFORMS-SIM)

Institute of Electrical and Electronics Engineers:
Systems, Man, and Cybemnetics Society (IEEE/SMC)
Technical Co-Sponsor

Institute of Industrial and Systems Engineers (IISE)

National Institute of Standards and Technology (NIST)
Technical Co-Sponsor

The Operational Research Society (ORS-UK)
Technical Co-Sponsor

The Society for Modeling and
Simulation International (SCS)






