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NATIONAL DAY OF (GLASS CONFERENCE CELEB

April 5-7,2022 |

he National Day of Glass Conference

(NDGC) kicked off North American-
based celebrations of the United Nations
International Year of Glass.

Planning for NDGC began almost
immediately after the U.N. announced
the 2022 International Year of Glass last
May. The U.N. has declared International
Years since 1959 to highlight industries,
concepts, or ideals that promote its
objectives, and IYOG marks the first time
the U.N. has recognized a material with
the International Year designation. Glass
has been identified as having a role in
addressing 11 of the UN’s 17 sustainabil-

ity goals.

“It was an incredible few days of celebrat-
ing all things glass. By welcoming a range
of leaders from all sectors of our glass
community, we were able to share diverse
perspectives on the rich history and promis-
ing future that glass has in our world,” says
Kathleen Richardson, lead organizer.

The program was designed to showcase
the impact of glass—past, present, and fu-
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Kathleen Richardson opens the National Day of Glass
Conference, April 5-7, 2022, in Washington, D.C.
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ture—and was envisioned as a celebration
of glass science, technology, engineering,
education, and art.

Corning International CEO Wendell
Weeks set the tone for the conference by
focusing on four key attributes of glass:
stability, strength, interaction with light, and
impermeability. Weeks artfully wove human
history and scientific advances to show

the impact of glass on the arc of human
progress. One striking example was the
development of transparent, colorless glass-
es with improved stability, which led to the
development of eyeglasses and more read-
ing after the printing press was invented.
Glass enabled the growth of an educated
population and the spread of ideas.

In another example, the British were

at war in the early 17" century and
conscripted all wood for shipbuilding.
Glassmakers turned to coal as a fuel
source and found that the hotter furnace
temperatures allowed them to make
bottles with higher silica content. These
stronger bottles turned out to be perfect
containers for the new bubbly wines
developed by French winemakers in the
Champagne region. “Talk about glass
being essential to human progress!”
says Weeks.

Other examples familiar to this audience
included Gorilla Glass, optical fibers,
and pharmaceutical packaging—all of
which point to the impact of glass on the
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Washington; DC

Corning International CEO Wendell Weeks set the
tone with his talk, “Glass—Vital to our future.”

everyday as well as the extraordinary
moments of life.

Thought leaders from government—NSF,
DOE, DARPA—talked about the innovation
enterprise, which integrates government
investment, open science policies, and
workforce development. Kelvin Droegemei-
er, Regents’ Professor of Meteorology and
Teigen Presidential Professor at Oklaho-
ma University, with nearly two decades

of experience working in government
(former director of the White House Office
of Science and Technology Policy and
former acting director of the National
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Corning’s Chris Heckle leads a panel discussion of leaders from academia, art, and industry. Panelists from left:
Himanshu Jain, Lehigh University; Judith Schaechter, Tyler School of Art, Temple University; Anuradha Agarwal,

Massachusetts Institute of Technology; Scott Cooper, Owens-lllinois; Jacquelyn Fetrow and Adele Schade,
Albright College.
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RATES GLASS SCIENCE, ART, AND ENGINEERING
ceramics.org/NDGC2022

Science Foundation), introduced the notion
of finding the “missing millions” of talent
hidden in areas of the United States often
outside the mainstream flow of opportunity,
but whom it would behoove the nation to
engage with resources and opportunity.

Top executives from Owens-lllinois, Schott
Glass, AGC, Nippon Electric Glass Fiber
America, and entrepreneurs raised the
importance of sustainability in their supply
chains and manufacturing processes. It
was frequently noted that glass is infinitely
recyclable but often poorly recycled,
especially in the U.S.

Three panel discussions were at least as
stimulating as the talks. The panels com-
prised leaders from academia, industry,
government, and art with widely diverse
perspectives, which led to vigorous
conversation on the panel and also with
the audience.

The glass art community bridges the aes-
thetic and scientific attributes of glass, and
glass art provides a beautiful point of entry
to glass appreciation to a wide audience.
Artists, scientists, business leaders, and
funding agency leaders connected over
their mutual interest in glass, often finding
that their interests overlap; it is the explora-
tion of those interests that diverges.

American Ceramic Society Bulletin, Vol. 101, No. 4

Richardson says, “The richness of our
global glass community was on display,
including a further expansion of our
relationship with the glass art community.
Together we shared thoughts, concerns,
and opportunities where we can make
key inroads as a sector, toward some of
our globe’s most challenging sustainabili-
ty issues.”

A gala banquet Wednesday night
featured a recorded presented by Dale
and Leslie Chihuly and a live presenta-
tion by Narcissus Quagliata. Quagliata
describes himself as a painter and an
artist interested in light. He eventually
discovered glass as a fascinating medium
for exploring the interaction of light in art.
His glass paintings are fascinating visual
essays, and Quagliata has won several
commissions to install his work in promi-
nent locations throughout the world.

Pictures from the event are located on
ACerS Flickr page at https://bit.ly/
NDGC2022. All talks were recorded and
will be available on the ACerS website by
the end of April. Learn more about global
activities planned for the International
Year of Glass at https://iyog2022.org/
home/upcoming_events. l
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Celebrating women working with glass during the opening reception for the National Day of Glass Conference. The reception was held at the National Academy of Sciences
in Washington, D.C.
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David Pye, Alfred University dean emeritus, sug-
gested a United Nations International Year of Glass.
Alicia Durén, who was president of the International
Commission on Glass at the time, organized the
proposal to the United Nations, which included 2,200
endorsement letters from 90 countries.

Kathleen Richardson and Mario Affatigato organized
the two-day event. Richardson is Pegasus Professor

of Optics and Materials Science and Engineering at
CREOL/College of Optics and Photonics at the University
of Central Florida, and Affatigato is Fran Allison and
Francis Halpin Professor of Physics at Coe College.
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Harnessing artificial
intelligence and machine
learning to design

A

BY Eileen De Guire Credit: Michael Dziedzic, Unsplash

n the past 30 years, significant and
An interview with Mathieu Bauchy and John C. Mauro on sustained development has advanced
the current progress in harnessing artificial intelligence artificial inteﬂigence to a point that it is begin—
and machine learning to design new glasses and how ning to demonstrate its potential in research

and industry.

Artificial intelligence is the ability of a computer to mimic

these techniques may develop in the future.

human cognitive functions, such as problem solving or decision
making. Machine learning, a subset of Al, is the application of
artificial intelligence to address a specific problem without direct
instructions from the programmer.

Al and ML offer a completely different paradigm for designing
new processes and materials compared to traditional program-
ming. Before, a researcher needed to explicitly develop a series of
fixed instructions to achieve a given task. Now, researchers “train”
the computer program with a set of data, and it will evolve the
algorithm to perform the task.

Mathieu Bauchy

f Glass researchers are particularly interested in harnessing
) Al and ML for materials development. With nearly the entire
periodic table to select from, vast possibilities exist for potential

John C. Mauro glass compositions. Al and ML can identify the most promising
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compositions much more quickly than
traditional lab-based trial-and-error
experiments.

John C. Mauro and Mathieu Bauchy
are two researchers exploring the use of
Al and ML in glass research. Mauro is
professor of materials science & engi-
neering and associate head for graduate
education at The Pennsylvania State
University. Bauchy is associate professor
of civil and environmental engineer-
ing at the University of California, Los
Angeles. In an interview with ACerS
Bulletin editor Eileen De Guire, they
discuss the current progress in harness-
ing Al and ML to design new glasses and
how these techniques may develop in
the future.

Q. What methods are currently used
for modeling new glasses, and what ben-

efits do Al and ML offer over these tradi-

tional techniques?

[JCMI: Physics-based models are the
preferred option whenever possible,
because they are more likely to give
accurate extrapolations to new composi-
tion spaces and can also provide help-
ful new physical insights. However, for
many properties or glass compositional
families, physical models may be too dif-
ficult to derive. Hence, there is a need
for data-driven modeling approaches.
Many glasses exhibit nonlinear composi-
tion-property relationships, which can
be difficult to capture with simple regres-
sion models. Machine learning gives the
opportunity to capture these complicat-
ed nonlinear relationships to aid in the
design of new glass compositions.

[MB]: These are all good points. |
would add that traditional models are
often limited by our own experience,
knowledge, and intuition. Because com-
puters are not limited by any biases, the
hope is that, by unveiling some previous-
ly hidden patterns in datasets, machine
learning models could lead to discovery
of new types of glasses that were previ-
ously thought to be impossible, for
example, “unbreakable” glasses.

Q. What types of Al and ML tech-
niques are most useful for predicting glass
compositions?
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[JCM]: It depends on the problem
under study. So far, I would say that
neural networks are the most commonly
used approach for developing machine
learning-based models for glass composi-
tion-property relationships.

[MB]: Agreed; artificial neural networks
tend to be the method of choice because
they are flexible enough to offer a one-size-
fits-all solution to many types of problems.
However, neural networks can often be
outperformed by gradient-boosted decision
tree models—but these models are chal-
lenging to tune. One should also keep in
mind that many problems do not require
complex neural networks and can actually
more effectively be solved with simple lin-
ear or polynomial regression methods.

Q. Are there barriers or limitations to
using these techniques?

[JCMI: The biggest barrier is the
availability of a sufficient quantity of
high-quality data for use in training the
machine learning models. Glass melting
and characterization is a time-consuming
and expensive process, which limits the
amount of data that can be obtained
to build the models. This limitation
becomes even greater for many-compo-
nent systems because each new compo-
nent added to the glass increases the
dimensionality of the problem by one.
Hence, we almost always must deal with
the problem of sparse data, especially for
many-component glass systems.

[MB]: I would also add that, in prac-
tice, developing a machine learning algo-
rithm to accelerate the discovery of new
glasses requires a combined expertise in
glass and computer science. This require-
ment is a challenge because traditional
siloed education programs rarely expose
materials science students to artificial
intelligence, or computer science students
to materials research. There is a need to
develop new programs that train multidi-
mensional engineers who are well versed
in materials and computer science.

Q. Are these Al and ML techniques limit-
ed to designing new compositions, or can they
be used, for example, to develop new manu-
facturing processes? Which area offers the
greater gains from an industrial perspective?
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[JCM]: Machine learning can also be
used for process optimization, market
forecasting, and even human resource
management. Anytime there is a large
amount of data available, machine learn-
ing can be used to find correlations
between a set of input conditions and
output results. The main limitation for
machine learning is that it cannot be
used to discover something totally new,
i.e., something completely outside the
domain of data used to construct the
model. Within the realm of process engi-
neering, machine learning can be used
to help optimize current processes, but it
cannot be used to develop a completely
new process. The human mind is still
vastly superior to artificial intelligence
for anything that involves creative “out-
side-the-box” thinking. Machine learning
is, by its very nature, a form of “inside-
the-box” thinking.

[MB]: Agreed. Machine learning
is not limited to the discovery of new
glasses. In fact, there is much promise in
the emerging concept of “digital twin” in
manufacturing (or digital replica). The
idea is that, with sufficient data, one can
develop a surrogate model that virtu-
ally replicates real-world components in
a manufacturing process. This model
makes it possible to test the effect of
certain process adjustments within the
digital twin, which allows researchers
to predict how the real-life manufactur-
ing process would be affected by such
changes, without the need to actually
deploy these adjustments. This approach
has the potential to dramatically acceler-
ate the optimization of manufacturing
processes, which typically relies on time-
consuming trial-and-error experiments.

Q. Hawe glass scientists mainly adapted
Al and ML techniques in other fields for
their own purposes, or are there novel tech-
niques developed specifically for glass science?

[JCMI: Thus far, glass scientists have
mainly applied already existing machine
learning methods to our specific prob-
lems, rather than developing entirely
new Al-based approaches.

[MB]: Agreed, but I think that,
going forward, new techniques that are
tailored to materials will need to be
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Harnessing artificial intelligence and machine learning to design new glasses

Basic machine learning paradigm
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Machine learning approaches are broadly classified into three types: supervised,
unsupervised, and reinforcement learning. Supervised learning involves an algorithm
that “learns” a function that maps input information to an output using “training”
data. Unsupervised learning seeks to uncover hidden, unlabeled patterns in data.
Because the algorithm does not map onto an output, the approach is “unsupervised.”
Reinforced learning is more useful in systems applications, such as robotics or high-
throughput laboratory techniques, and is not used much for glass or materials science

applications.’

The four boxes across the bottom list the algorithms that execute the machine learning

functions.

developed. Most of the state-of-the-art
deep learning methods are designed to
handle very large datasets comprising
millions of datapoints and do not neces-
sarily perform well on sparse materials
datasets comprising only a few hundreds
of datapoints. Present machine learn-
ing approaches are often not tailored

to materials, for example, in terms of
structure representation, limited number
of datapoints, importance of uncertainty
quantification, focus on inverse design.
There are also many opportunities to
develop physics- or chemistry-informed
machine learning models that simultane-
ously leverage data and knowledge.

Q. Are there any commercial products that
were developed using AI and ML techniques?

[JCMI: Yes, absolutely. But machine

learning is never used on its own.
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Machine learning is one tool in a larger
toolbox that can help us with the design
of new glass compositions. Machine learn-
ing can be used most effectively when it

is combined with experimental insights
and physics-based models. This combined
approach provides a highly effective and
efficient means for designing new glass
compositions, including commercial prod-
ucts. Ultimately, the model-predicted glass
compositions still need to be reduced to
practice in experiments.

[MB]: Although glass manufacturing
companies rarely advertise the details of
their internal research and development
processes when launching new products,
there are definitely some success stories
where machine learning enabled the
design of new commercial materials.

For instance, the Concrete-Al platform
(http://www.concrete-ai.com) led to the

Www.ceramics.org
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development of new ready-mix concrete
commercial formulations featuring a
decrease in cost and carbon footprint of
10% and 50%, respectively, as compared
to previously used formulations, while
achieving similar performance.

Q. What is the most pressing need to
advance the use of AI and ML techniques to
the next level for the R&D of commercially
important glasses?

[JCM]: We need greater community
organization around data management,
especially having a common database
where everyone can contribute data and
freely access the full archive of data for
modeling purposes.

[MBI]: Agreed; the lack of curated
datasets that are accessible, complete,
self-consistent, and well populated is
clearly the main bottleneck at this point.

Q. Are there resources, such as databases,
designed for glass that Al and ML researchers
can use or contribute to?

[JCMI: GlassPy is an open source
Python database created by Daniel
Cassar. GlassPy is available at https://
github.com/drcassar/glasspy. PyGGi is
a commercial Python code by Anoop
Krishnan for performing machine learn-
ing modeling of glass composition-prop-
erty relationships. PyGGi is available at
https://pyggi.iitd.ac.in/about.

Q. As more materials scientists use Al
and ML techniques to advance their respec-
tive fields, does that translate into the courses
taught to materials science students? For
example, are more computer science courses
being required or are universities developing
courses that specifically focus on computa-
tional methods for materials science?

[JCM]: Computational materials
science courses are now being taught
as electives at the undergraduate and
graduate levels. These courses cover a
wide range of computational approaches
but do not focus exclusively on machine
learning. Students can also take elective
courses specific to machine learning,
e.g., from computer science or data sci-
ence departments. There is also a trend
of incorporating more computation into
core materials science courses so that
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students can develop some elementary
programming and modeling skills as a
core part of the curriculum.

[MB]: Such transversal courses are
very needed and typically appreciated
by students. For anybody who would
be interested in learning more, I devel-
oped a course on artificial intelligence
and machine learning for engineers at
UCLA. All lecture videos are freely avail-
able online at https://bit.ly/3Lqg4pre. |
also offer a short course through ACerS
(https://ceramics.org/MLAfor-glass-
science), which is a great introduction
to the topic, especially for graduate stu-

dents at the beginning of their programs.

Q. What other fields or disciplines
would be able to collaborate with glass
researchers to advance the art of computa-
tional glass science?

[JCMI: When it comes to compu-
tational glass science, we have a lot of
common interests with several other
disciplines, including physics, chemistry,
chemical engineering, and nuclear engi-
neering. There is also a lot of value in
collaborating with computer scientists,
who can offer advances to the computa-
tional techniques themselves.

[MB]: Yes, I think there is a lot of
value in collaborating with computer
scientists, who may not be familiar with
the unique challenges associated with
the application of machine learning to
material-related problems.

Q. What excites you about the future of
Al and ML applied to glass?

[JCM]: As someone with a dual
background in glass science and com-
puter science, it excites me to see how
effectively these two fields have come
together to offer powerful solutions for
problems of technological interest. An
exciting next step will be the application
of these approaches to the design of
glass-ceramics, including use of convolu-
tional neural networks to analyze micro-
structural image data and link that data
to mechanical and optical properties.

[MB]: What excites me the most is
the opportunity offered by the integra-
tion of theory, numerical simulations,
and machine learning, wherein all the
approaches learn, inform, and advance
each other. There are also a lot of
exciting developments in robotics and
“self-driving” laboratories where new
materials could be discovered in a high-
throughput fashion without any human
intervention.
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