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...a “service,” a.k.a. machine learning clouds. By putting a set of machine...
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Machine learning and domain decomposition methods - a survey

Klawonn, Axel; Lanser, Martin; Weber, Janine. C Science and ing; Cham Vol. 1, Iss. 1, (Dec 2024): 2.

...the spectral bias, respectively, of machine learning models. DDMs have...
...using DDMs in combination with machine learning algorithms, especially in the...
... machine learning (SciML). [See PDF for image] Fig. 1 Schematic representation...
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Trends in real-time artificial intelligence methods in sports: a systematic review
Vec, Val; TomaZi¢, Saso; Kos, Anton; Umek, Anton. Journal of Big Data; Heidelberg Vol. 11, Iss. 1, (Oct 2024): 148.

...review focuses on the usage of machine learning methods in...
he field. With its focus on machine learning models that use signals from...
..existing solutions, that use machine learning to extract useful information from...
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Ingredients for Responsible Machine Learning: A Commented Review of The Hitchhiker’s Guide to Responsible Machine Learning

Marmolejo-Ramos, Fernando; Ospina, Raydonal; Garcia-Ceja, Enrique; Correa, Juan C. Journal of Statistical Theory and Applications;
Melbourne Vol. 21, Iss. 4, (Dec 2022): 175-185.

...M; EL Ammari, A; Hammami, H. Artificial intelligence and machine learning in...
... Artificial Intelligence: An Introduction to Interpretable Machine Learning ;...
...51. Kumar, R; Saha, P. Areview on artificial intelligence and machine learning...
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A Machine Learning Tutorial for Operational Meteorology. Part I: Traditional Machine Learning

Chase, Randy J; Harrison, David R; Burke, Amanda; Lackmann, Gary M; McGovern, Amy. Weather and Forecasting; Boston Vol. 37, Iss. 8, (Aug 2022):
1509-1529.

...the topics of the next paper in the series. 2. Machine learning methods and...

...vector machines A support vector machine (commonly referred to as SVM; Vapnik...
...2020). 3. Machine learning application and discussion This section will...
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Artificial intelligence and machine learning applications in biopharmaceutical manufacturing EAZEEN
Rathore, Anurag 5; Saxena Nikita; Thakur, Garima; Mishra, Somesh. Trends in Biotechnology; Oxford Vol. 41,1ss. 4, (Apr2023):497-510. DOI:10.1016/j.tib =
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Artificial intelligence and machine learning (Al-ML) offer vast p %j@ﬂ?ﬁﬁg
adoption of Al-ML techniques include the growing global demand for biotherapeutics and

oring, and control of biopharmaceutical manufacturing. The driving forces for
it toward Industry 4.0, spurring the rise of integrated process platforms and cont
processes that require intelligent, automated supervision. This review summarizes Al-ML applications in biopharmaceutical manufacturing, with a focus on the most used Al-M

uous
L

algorithms, including multivariate data analysis, artificial neural networks, and reinforcement learning. Perspectives on the future growth of Al-ML applications in the area and fhe

challenges of implementing these technigues at manufacturing scale are also presented.

X
#HE- 0

FRERITREE

Growing use of artificial intelligence - machine learning in biopharmaceutical manufacturing

Artificial intelligence (Al; see Glossaryy ig 3 booming global trend, and the last decade has seen its wide and successful application in a range of diverse industries, including e-
commerce, transportation, robotics, and health care [1,2]. Machine learning (ML) is a discipline that aims to find a solution on how to create a system that can improvise itself ba
experience and determine the underlying principles that govern learning systems comprising statistics, computational information, and theory [*]. Within Al, ML is a potential way
develop software for pattern/speech recognition, process optimization and control, language processing, and many other applications. The market for Al-ML in the biopharma i

has been projected to increase from US$198 million in 2018 to US$3.88 billion in 2025 [*]. The target problems for these applications are mainly in the areas of research innovatipn

including drug discovery, biomarker identification, protein engineering, personalized medicine, and drug repurposing [,5; clinical trials including in silico preclinical experime

ed on
to
dustry

t‘s)

clinical trial design, patient recruitment, data processing, and patient follow-up [*9]: launch-phase activities including regulatory filing improvements, patient monitoring, physfcian

support, market engagement, and pricing decisions [1%,%];

and biopharma manufacturing - including process automation, intelligent controls, real-time error handling, attribute

prediction, quality tracking, and cost tracking [*2,*3].

Of these subcategories, the application of Al-ML to research innovation has achieved the greatest success in terms of actual implementation by biopharma companies and CROs
As of 2019, 33 of the 50 largest biopharma companies and over 100 start-ups were using Al-ML-based tools for research and innovation [**]. The areas of Al-ML for clinical trials an
regulatory activities have also generated considerable interest due to the growing interest in the ability of Al-ML to lower the exorbitant costs, currently averaging around US$4, U

Q@00

TEreoF SIH O #EBURL PN FAEEE

+",Research Assistant @ Z
Insights

Here is the key takeaway.

Artificial intelligence and machine learning applications in biopharmaceutical
manufacturing are rapidly growing, offering significant potential for optimizing
processes, improving quality, and reducing costs, despite challenges in implementation
and regulatory guidance.

Additional topics discussed include:

* Challenges in implementing Al-ML in biopharmaceutical manufacturing
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A Data Driven Approach to Process Control Modelling Using Machine Learning
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BE
HEY 0 More Like This

This video highlights the microscopic mechanisms underneath the macroscopic behaviours of crystals, and introduces the technique of multiscale materials modelling. As a famous saying in the materials science community goes: BWREEE,
'Crystals are like humans. It is their defects that make them interesting.’ Down to the atomistic scale, the various mechanical properties observed from crystalline solids can all get explained. The video runs viewers through the AMultiscale Virtual Fabrieation and Lattice Modeling Approach for the Fatigue Perfarmance Prediction of Asphalt
macroscopic behaviours of crystals and the microscopic mechanisms underneath them, aiming to cultivate a multiscale but unified viewpoint on crystalline solids’ behaviours. To take the knowledge towards application, the video Concrete (Asphalt concrete, Fatigue cracking, Lattice modeling, Micromechanical modeling, Multiscale analysis,
s s
ASPHALT CONCRETE, FATIGUE CRACKING, LATTICE MODELING, MICROMECHANICAL MODELING, MULTISCALE ANALY ...

Dehghan Banadaki, Arash. Dissertation Abstracts International. Vol. 76, no. 07, suppl. B, 144 p. 2013.. (01 Jan 2013)

introduces multiscale materials modelling and its criteria on different lengths and scales. The video is a quick and easily understandable guide for graduate students and researchers interested in this topic

FFEE Material Based Multiscale Modeling of Ceramics and Laser-Assisted Machining

Dong, ¥iangyang. PraQuest Dissertations and Theses. (2017}
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HERE 01:10:58 Multiscale Modeling for Food Drying: State of the Art
Welsh, Zachary, %. Comprehensive reviews in food science and food safety. (01 Sep 2018)
et Mechanical Behaviours of Crystals, in Springer Nature Physics video
HREMER Springer Nature Physics Video 2Ll
hRRE Springer Nature BV.
o] Dordrecht
HRFEIR A E Netherlands
25 Springer Nature Physics Video
AR SHRERAER
HREMEE English
HiHRE Instructional material, Transcript, Audio/Video Clip
ProQuest {3 RIEE 2761375339
X URL https://www.proquest.com/pglsustainability/audio-video-works/mechanical-behaviours-crystals-springer-nature/docview/2761375339/sem-27accountid=131239
EfFiE Copyright & 2022 Springer Nature BV.
REER 2025-09-06 PRI (Beta )
HEE ProQuest One Sustainability

[ INT
SRS TETERSTY 33



P [ A7 AR LR TR o x

¢  httpsy//www.proquest.com/pglappliedlifesciences/scholarly-journals/artificial-intelligen

My
3
I}
\D
fing
i

=M
o aEar 1/Q @ Q e @ e Q REENEER
Fiiror 315 EET 5lEn HEE RN FeERE EEA{EIELE D
mE] EI“JIﬁF:I
ing and convolutional @ Q @ e o == s
TEPDF  SIE  EEURL Rl FEEE
— @ e TELEBEESXER
Bt ZEER Z Bl R
Google Drive Google Microsoft
=P MathJax ) ) ] SIS
Accurate detection of autism using Douglas-Peucker
algorithm, sparse coding based feature mapping and
) ) convolutional neural network techniques with EEG signal ...
show in early childhood. _ o -
L Ari, Berna; &. Computers in biology and medicine. (01 Apr
~Manual screening is prone to 2022) RefWorks EndNaote Zotera., MNoodleToaols EasyBib
iglas-Peucker (DP) algorithm, Citavi ¥
is employed to detect ASD Visible Near-Infrared Hyperspectral Soil Organic Matter £ TS
samples without degradation Prediction Based on Combinatorial Modeling
rhythms are coded by using the Zhang, Xiuquan; Z. Agronomy. (01 Jan 2024)
=2 i 22 [ =
fms. The sparse coded §;§9§E*?$Eﬂj =B
rmed by concatenating the Enhanced Fault Detection in Bearings Using Machine ;ﬁiﬁj‘{ﬁﬂﬂ
Learning and Raw Accelerometer Data: A Case Study PDF Microsoft Microsaft {§fEr=E
ers_(AE) are employed ata Using the Case Western Reserve University Dataset Excel I, word T,
I using pre-trained deep CNN T )
i Raj, Krish Kumar; 2. Information. (01 Jan 2024)
city of 96.4%, and the F1-score
Automated diagnosis of schizophrenia based on spatial-

HEHEIMBRAS 34

Information Service Co., Ltd



ProQuest Research Assistant—

M AAIR?

- S EABPDFIERIREL -
oJiE#BProQuest
Research Assistant4 X

M ERAZILE

=n ~ SE4EAH B

& N2

RETR W16, #m@> x| s

g 5; Saxena Nikita; Thakur, Garima; Mishra, Somesh Iss.4 s

¢

Trends in Biotechnology; Oxford

of Science F£3.

r POF  WEATEET

) parer

e (%) Resrrgnsn

Trends in
Biotechnology

tificial intelligence and machine learning applications in biopharmaceutical manu(aclunng

tech 2022

¢ CelPress

UAIZHEE

B ¢ EE Y

KIBERIBIR
IR G

Artificial intelligence and machine leaming
applications in biopharmaceutical

+"Research Assistant ©
Insights

Here is the key takeaway.
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Additional topics discussed include:
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manufacturing
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Anurag S. Rathore ®, ' Saxena Nikita ®, " Garima Thakur @,

Artificial intelligence and machine leaming (Al-ML) offer vast potential in optimal
design, monitoring, and control of biopharmaceutical manufacturing. The driving
forces for adoption of A-ML techniques include the growing global demand for
biotherapeutics and the shift toward Industry 4.0, spurring the rise of integrated
process and that require

supervision. This review A-ML

and Somesh Mishra @

Highlights

A-ML have the potenta 1o transfomm
peceUca marnBCtueng by re-

Gucing the need for human supenison

ad anabing ausomated and continuous

manufacturing, with a focus on the most used Al-ML algcmnmr
multivariate data analysis, artificial neural networks, and reinforcement learning.
Perspectives on the future growth of Al-ML apphczmons in the area and the
challenges of g these uring scale are also
presented.

Growing use of artificial ir

coss writing

Role of AGML S

Smart Machining Process Using Machine Learning: A Review and Perspective on

Machining Industry

Role of AIGML in Modernizing Water and Wastewater Treatment Processes

and control of biopharmaceutical

leaning in

manufacturing
Artificial intelligence (Al see (i wy)isa
Its wide and successful application in a range
portation, robotics. and health care 1,2)

ning global trend, and the last decade has seen
rerse industries, including e-commerce, trans
learning (ML) is a discipline that aims to find a

Key challsnges include lack of regula-

Qemen

fory guidance, Incomplete data, -
Gulty of risk assessment, absence of
Biophenma-specilc 1odks, and & short-
98 of irsned takent

sokution on how to create a system that can i
the underlying principles that govern learnin
mation, and theory [3]. Within Al ML s a ¢
recognition, process optimization and contr

rovise itself based on experience and determine
tems comprising statistics, computational infor-
way to develop software for patterm/speech
inguage processing, and many other appica-

tions. The market for A-ML in the biopharma¥hdustry has been projected to increase from US
$198 million in 2018 to US$3.88 billion in 2025 4). The target problems for these applications
are mainly in the areas of research innovation — inchuding drug discovery, biomarker identification,
protein engineering, personalized medicine, and drug repurposing [5,6]; cinical trials — including
in silico preciinical experiments, clinical trial design, patient recruitment, data processing, and
patient folow-up [7-9]; launch-phase activities — including regulatory fiing improvements, patient
monitoring, physician support, market engagement, and pricing decisions [10, 11]; and biopharma
manufacturing — including process automation, inteligent contros, real-time error handling, attri-
bute prediction, qualty tracking, and cost tracking [12,13],

Of these subcategories, the application of AI-ML 1o research innovation has achieved the
greatest success in terms of actual implementation by biopharma companies and CROS [5,6].
As of 2019, 33 of the 50 largest biopharma companies and over 100 start-ups were using
AI-ML-based tools for research and innovation [14). The areas of A-ML for clinical trials and
regulatory activities have also generated considerable interest due to the growing interest in
the ability of AI-ML to lower the exorbitant costs, currently averaging around USS$4, US$13,
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Here is the key takeaway.

EHEE (Key Takeaway) U BB ERAE

Artificial intelligence and machine learning applications in biopharmaceutical manufacturing are

rapidly growing, offering significant potential for optimizing processes, improving quality, and
reducing costs, despite challenges in implementation and regulatory guidance.
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Here are the important concepts.

1. Artificial (A1): Al refers to the simulation of human i in machines that are programmed
to think and lean. In the document, Al is highli hnologyin bi
enabling in proc d control.

2. Machine Learning (ML): ML is a subset of Al that focuses on the development of algorithms that allow
computers (o earn from and make predictions based on data. The document emphsizes MLs role n

enhancing t5 of biophar ing, including drug discovery

process
automation.

3. Biopharmaceuticals: Biopharmaceuticals are medical drugs produced using biotechnology, often invalving

complex biological processes. The document discusses the growing demand for bi and how

Al and ML can improve their manufacturing processes.
4. Industry 4.0: Industry 4.0 represents the fourth industrial revolution characterized by the integration of digital
technslogies into manufacturing. The document connects this concept o the adoption of Al and ML in
ting the need for intelligent

5. Regulatory Guidance: Regulatory gui the d by authorities to
y and efficacy of bi ical products. The document points out the lack of regulatory
id ificant \ge for ting Al and MLin

6. Clinical Trials: Clinical trials are research studies performed en human participants to evaluate the efficacy
and safety of new treatments. The document notes the potential of Al and ML to optimize clinical trial
processes, thereby reducing costs and improving outcomes.

7. Artificial Neural Networks (ANNs): ANNs are computational models inspired by the human brain, used in
machis o i ictions. The document highlights ANNs as one of the
most widely used algorithms in biopharmaceutical manufacturing applications.

Reinforcement Learning (RL): RL is a type of mach
recelving rewards or penaltes based on s ctions. The document discusses AL as an emerging technigue in

ke decisions by

for

9. Process Optimization: P

tion involves improving manufacturing processes to enhance
efficiency and reduce costs. The document emphasizes the role of Al and ML in achieving significant

BRERERZX G PR EEFERT=
(Important Concepts) 3 5% # #1558

1. Ai-ml applications in biopharmaceutical manufacturing: This topic is crucial as it explores how Al and ML Q
can enhance efficiency and innovation in biopharmaceutical production processes.

2. Challenges in implementing ai-ml in manufacturing: Understanding the challenges is vital for developing Q
strategies to overcome barriers to Al-ML adoption in biopharmaceutical manufacturing.

3. Future growth of ai-ml in biopharma: Exploring future growth trends can help researchers anticipate Q
advancements and prepare for the evolving landscape of biopharmaceutical manufacturing.

HHEARYER I £ =E (Research Topics)
TERABRYPHEL -  HESEMFREE

icuses an how Al-ML can streamline Q

manitoring is essential for ensuring Q
ng this a critical area of research.
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