GLASS DISCOVERY AND DESIGN

Challenges in artificial
intelligence and machine
learning for glass science
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for the limited knowledge on glass
compositions. It is highly time-
consuming, inefficient, and can
be risky for industrial applications
(for example, it may not produce
the desired result).

Al AND ML APPROACHES

Fortunately, recent advances
in computer hardware and algo-
rithms have led to the use of arti-
ficial intelligence (Al) and machine
learning (ML) to aid in glass dis-
covery and design. Artificial intel-
ligence is a branch of computer
science dealing with simulation of
intelligent behaviour in computers.
Machine learning, a subset of Al,
focuses on developing algorithms
that can detect and understand
patterns in data and extrapolate
to previously unexplored domains
and circumstances.

Al'and ML approaches to mate-
rials design work well for glasses
for several reasons, including the
fact that the properties of glasses
are mainly driven by composition
due to their disordered struc-
ture. Thus, by applying Al/ML
methods to large experimental
databases of glass properties,
researchers can in theory predict
desirable new glass compositions
quite easily.

CHALLENGES STILL EXIST
Numerous research groups have
developed models based on Al and
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ML to predict various properties of
glass, including Young’s modulus,
solubility, and glass-transition tem-
perature, among others. However,
while these studies represent great
strides in using Al and ML for
glass science, challenges still exist
to harnessing the full potential of
these methods for discovering and
designing new glasses — challenges
that are outlined in a new paper
published in the International
Journal of Applied Glass Science.

The researchers who wrote the
recent paper are led by N. M.
Anoop Krishnan, assistant profes-
sor in civil engineering and mate-
rials science and engineering at
the Indian Institute of Technology
Delhi (IIT-D). In an email,
Krishnan says they aimed to take
a step back and look at the field
of glass science and technology in
a holistic manner to identify the
major challenges and solutions that
are enabling or are enabled by Al
and ML.

Krishnan says while the challeng-
es they identified are not an exhaus-
tive list, they “hope that the broad
areas identified will instil enthusiasm
to initiate a coordinated effort from
the glass community to solve some
of these challenges and also identify
new challenges, ultimately accelerat-
ing the field of glass science.”

The challenges identified in the
paper broadly belong to two categories:
1. Challenges that can be addressed

................................

................................

using Al and ML techniques.

2. Challenges that enable applica-
tion of Al and ML techniques
for accelerated glass design, dis-
covery, and manufacturing.

CHALLENGES 1-4:

DEVELOPING HIGH-QUALITY

DATASETS
The predictions made by Al and

ML models are only as good as

the data on which the predictions

are based. Thus, the authors begin

their list by suggesting several ways

to develop high-quality datasets,

including:

* Automating extraction of data-
sets from the literature,

* Improving detection of outliers
in the data, and

* Developing consistent synthet-
ic datasets, i.e., data generated
from atomistic and first-princi-
ple simulations.

CHALLENGES 5-12:
PREPARING AND
UNDERSTANDING
ALGORITHMS

Having developed a high-quality
dataset, the next group of chal-
lenges pertain to the algorithms
used to analyze that data. The
authors discuss numerous aspects
that researchers should be aware
of when designing algorithms,
including:
* Selecting the right input feature,
* Selecting relevant training algo-

rithms, and
* Selecting appropriate hyperpa-

rameters.

The authors also emphasize the
importance of infusing ‘common-
sense’ into the model by account-
ing for basic physical laws and to
quantify uncertainty of the pre-
dictions. In addition, current ML
methods are ‘notoriously known
as black-box methods’ due to the
difficulty of interpreting the nature
of the input—output relationships,
so shedding more light on this pro-
cess would be extremely beneficial.

CHALLENGES 13-17:
DISSEMINATING KNOWLEDGE
IN THE FIELD OF GLASS
SCIENCE

To date, the AI/ML models for
investigating composition—prop-
erty relationships typically use sim-
ple composition-based descriptors
because additional information
that plays a crucial role in gov-
erning the properties — such as
glass preparation protocols, test-
ing methods, and environmental
conditions — are often ignored or
reported in a form that cannot be
easily extracted from the text. The
authors offer a few ways to address
these challenges to knowledge dis-
semination, including:

e Considering how to apply
knowledge learned in one area
to another area;

* Identifying appropriate key-
words to facilitate discovery of
the study;

* Briefly summarizing a study in a
holistic manner, including imag-
es, text, and chemical species
present;

* Reporting on and extracting syn-
thesis parameters of the glasses
in the dataset; and

* Creating a curated image library
for the glasses from literature.

CHALLENGES 18-21:
AUTOMATING THE PROCESS
The authors end their list by
identifying several ways to stream-
line glass discovery and design by

74

glass machinery plants & accessories 3/2021



Machine
Learning

v

A

v

= ) . Reinf ¢
Supervised Unsupervised v x) Reinforcemen
La i gi P l(:% Learning
N A 4 \}
[ 3 @
| " Regression 'H‘ ﬂ Classification "?"Clustering
y l \4 A

. neural network
. Gaussian process

1. linear

2. polynomial 1. logistic 1. K-means
3. support vector 2. random forest 2. T-SNE

4. random forest 3. support vector 3. DBSCAN
5 4. neural network 4. k-NN

6

1. Model-free
(policy
optimization,
Q-learning)

2. Model-based

Credit: Ravinder et al., International Journal of Applied Glass Science

automating various steps of the

process, including:

* Automating the glass synthesis
process,

* Automating scheduling of tasks,

* Automating detection of flaws
during synthesis, and

* Automating warning and safety
systems for glass industries.
Krishnan says his group is

already working on addressing

some of these challenges. For

example, they developed a soft-

ware package called Python for

.................................

Glass Genomics that addresses at
least three of the challenges:
1. Glass database from literature

(PyGGi Bank).

2. Machine learned composition—
property models (PyGGi Seer).
3. Optimized design of glasses

(PyGGi Zen).

“We have also started efforts
toward the application of natu-
ral language process (NLP) to
address some of the challenges,
such as: (i) automated extrac-
tion of glass data, (ii) information

...............................

Founded in 1898, The American Ceramic Society was formed at a con-
vention of the National Brick Manufacturers’ Association in Pittsburgh,
. PA. During these early years, the Society mirrored the ceramics industry

and was truly clay-based, with the most common ceramic products being

bricks, sewer pipes, tiles, glass, dinnerware, and china. The American

Ceramic Society played a large role in turning the industry from narrow
- commercial interests to a broader scientific outlook.

. The Society has witnessed many changes through the years, but the core
© mission has stayed the same: to advance the study, understanding, and
use of ceramic and related materials for the benefit of its members and
society. Now, the Society has grown to more than 11,000 members consi-
sting of scientists, engineers, researchers, manufacturers, plant personnel,

educators, students, marketing, and sales professionals from more than 70

countries — with 40 per cent of members based outside of the United States.
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extraction from scientific literature
and images, and (iii) development
of image repository. A preprint
from our group which address-
es some of these challenges can
be found at https://arxiv.org/
abs/2101.01508,” he says.

The paper, published in
International Journal of Applied
Glass Science, is “Artificial intel-
ligence and machine learning in
glass science and technology: 21
challenges for the 21st century”
(DOI: 10.1111/ijag.15881).

This article was first
published in Ceramic Tech
Today, ACerS online news blog,

on 23 Feb. 2021.
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