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A wide range of artificial intelligence (AI)-related subjects in drug development are 

covered in the review. It also provides a brief overview of the latest developments in 

medication research produced by the pharmaceutical sector in collaboration with 

different AI. Every scientific fact has been influenced by technological and computing 

advancements. AI has emerged as a key element in every branch of science and 

technology, from basic engineering to medicine. AI has had a significant impact on 

healthcare and pharmaceutical chemistry. In recent years, computer-assisted medication 

synthesis has surpassed more traditional methods. Artificial Intelligence is often used to 

speed up and enhance drug design procedures. The simplicity with which the target 

proteins may be identified using AI significantly raises the success rate of the created 

medication. AI technology is used at every stage of the drug design process, which 

significantly reduces the health risks associated with preclinical research and saves 

costs. Large volumes of pharmaceutical data and the machine learning process serve as 

the foundation for artificial intelligence (AI), a potent data mining tool. The result is the 

use of AI in virtual screening, activity scoring, de novo drug design, and in silico 

assessment of drug molecule properties (toxicity, excretion, metabolism, distribution, 

and absorption). AI firms have partnered with pharmaceutical businesses to expedite 

drug research and the healthcare system. 
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INTRODUCTION 

The ability to think logically is a fundamental 

aspect of intelligence and has long been the focus 

of AI research. One significant turning point in this 

field was the theorem-proving software developed 

in 1955–1956 by Allen Newell, J. Cliford Shaw, 

and Herbert Simon of the RAND Corporation and 

Carnegie Mellon University. Artificial 

Intelligence (AI) is the capacity of a computer-

controlled robot or digital computer to do tasks 

that are normally performed by intelligent beings 

https://www.ijpsjournal.com/
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[1]. The phrase is commonly used in the pursuit of 

creating AI systems that possess human-like 

cognitive capacities, including reasoning, 

meaning-finding, generalization, and experience-

based learning. Since the development of the first 

digital computers in the 1940s, it has been known 

that computers can be taught to perform 

extraordinarily difficult tasks [2]. 

The pharmaceutical industry of today only 

approves drugs following an extensive and 

expensive drug development process. The bulk of 

medications take ten years or longer to reach the 

pharmaceutical market and cost billions of dollars. 

Drug development takes more time and money as 

a result. In order to overcome these limitations, the 

AI approach seems more promising and ought to 

produce fruitful drug development initiatives [3]. 

New technologies including medications, 

prostheses, and developing and sophisticated 

robotics are all utilizing AI. Identifying 

therapeutic targets, recommending compounds 

from data libraries with chemical modifications, 

and occasionally repurposing the medicine are 

further advantages of AI in the drug development 

process [4]. 

The primary structure: 

It is clear that recent advancements in AI have 

produced a variety of technologies that may find 

application in the production of pharmaceutical 

goods. In a time of intensifying competition, the 

"winners" will be those who can adopt and use this 

technology as a tactical weapon. It is challenging 

to put potential into practice because, in cases 

where applications have been successful, there is 

an opportunity to increase production while 

simultaneously improving uniformity and quality 
[5] (Fig. 1). 

AI objectives: 

• Expert system development: This entails 

building automated systems that can make 

decisions for themselves and act as advisors. 

• Computers with human intelligence will be 

able to behave like people and take the 

appropriate actions to deal with difficult 

situations by helping to create similar 

cognitive processes.  

• Multi-domain applications: AI will help 

implement various fields, including 

healthcare, psychology, medical science, 

ethics, and the natural sciences [6]. 

 
Fig:1 AI in drug discovery 
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Literature review: 

A database of formulas for immediate-release pills 

was modelled in a study using model trees, a type 

of artificial intelligence. The model's performance 

was compared to artificial neural networks, which 

are widely recognized and employed in the fields 

of pharmaceutical product formulation. The 

predictability of the developed models was 

assessed using the correlation coefficient (R2). 

Multivariate linear equations obtained from model 

tree research were able to forecast outcomes with 

a quality comparable to neural network models. 

Medication dissolving characteristics, tablet 

tensile strength, and disintegration time. 

Nevertheless, these formulas revealed more 

significant information that had been concealed in 

the formulation database. It is determined that 

model trees, as a transparent technology, are 

helpful resources for formulators. [7] 

The author used KinomeX, an AI-based online 

platform based on kinase chemical structure 

analysis, to ascertain the poly pharmacology of the 

enzymes. DNNs, or deep neural neutrons. This 

platform's DNN was trained using 14,000 

bioactivity data points gathered from over 300 

kinases. As a result, it helps with the development 

of different modifiers by assessing a drug's general 

selectivity towards the kinase family and specific 

kinase subfamilies. Ligand Express, Cyclica's 

cloud-based proteome-screening AI system, is one 

noteworthy example. Identifying receptors 

capable of both This technique is used to achieve 

on-and off-target interactions with a certain tiny 

molecule. This makes it easier to understand the 

possible side effects of the medicine [8]. 

AI has also been utilized to help with medication 

repurposing and to prevent poly pharmacology by 

predicting drug-target interactions. Repurposed 

medications are immediately eligible for Phase II 

clinical trials. Additionally, this lowers spending 

because it costs $8.4 million to relaunch an 

existing medication rather than $41.3 million to 

introduce a brand-new pharmaceutical entity.The 

"guilt by association" technique, which can be 

knowledge-based or computationally driven, can 

be used to forecast the unique relationship between 

a drug and a disease. In computationally driven 

networks, the machine learning (ML) approach—

which employs techniques like logistic regression, 

neural networks, support vector machines (SVM), 

and deep learning (DL)—is widely used. ML 

methods such as PREDICT, SPACE, and logistic 

regression platforms consider a drug's gene 

expression profile when repurposing it [9]. 

The fundamental idea behind AI in 

pharmaceutics: 

There are two main areas where AI is developing, 

The first category consists of software and 

technology techniques that mimic human 

experience and make inferences from a set of rules, 

such as expert systems. The second category 

includes artificial neural networks (ANNs), which 

are devices that simulate how the brain functions. 

One of artificial neural networks' greatest 

advantages is their capacity for generalization. 

Because of these qualities, they are highly 

effective in addressing formulation optimization 

concerns in the creation of pharmaceutical goods 
[10]. (Table 1) 

How AI operates:  

Developing an AI system entails meticulously 

imitating human traits and abilities in a machine 

and leveraging its processing capacity to surpass 

human capabilities. A thorough investigation of 

the topic is necessary to comprehend the many AI 

subdomains and how they might be used in various 

industrial domains. 
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Machine learning: Machine learning (ML) is the 

process of teaching a computer to infer and decide 

using past information. It analyses historical data 

and looks for patterns to determine the relevance 

of these data points and draw a possible conclusion 

without depending on human experience [20]. 

Deep learning (DL): Deep learning is a machine 

learning approach. Deeper networks were trained 

by DL's revitalized neural network in the 2000s. It 

trains a machine to read inputs through layers in 

order to categorize, infer, and predict the result. 

For instance, by going through in-depth layers of 

activity vectors and determining the connection 

strengths that motivate these vectors by knowing 

the stochastic gradient, it aids in understanding the 

complex internal representations required to 

comprehend the challenging language or analyze 

the objects [21]. 

Networks of neurons (NN): These systems 

function similarly to brain cells in humans. They 

are a collection of algorithms that capture the 

interaction between several underlying factors, 

simulating the functioning of the human brain [17].  

Natural language processing (NLP) is the ability 

of a machine to read, understand, and interpret a 

language. Once a computer understands what the 

user is trying to say, it will respond properly [15].  

Computer vision: Computer vision algorithms try 

to understand an image by breaking it down and 

analysing different parts of the object. This helps 

the machine learn from a collection of photographs 

and identify them, allowing it to generate better 

findings based on previous observations [11].  

Cognitive computing: Algorithms for cognitive 

computing try to replicate how the human brain 

works and produce the intended outcomes by 

evaluating text, audio, visuals, and other inputs in 

a manner similar to that of humans. Take 

advantage of free courses on AI applications as 

well [16]. (Figure 2). 

Table-1 List of AI based Tools for drug 

discovery 

Tools Description 

Alpha fold Protein 3D structure prediction 

[10] 

Chemputer A more standardized format for 

reporting a chemical synthesis 

procedure [11] 

DeepChem A python-based AI tool for 

various drug delivery task 

predictions [12] 

Deep neural 

net-QSAR 

Molecular activity predictions 

[13] 

Deep tox Toxicity predictions [14] 

Delta vina A scoring function for rescoring 

protein–ligand binding affinity 

[15] 

Hit dexter ML models for the prediction of 

molecules that might respond to 

biochemical assays [16] 

Neural graph 

fingerprints 

Property prediction of novel 

molecules [17] 

NNScore Neural network-based scoring 

function for protein ligand 

interaction [18] 

ODDT A comprehensive toolkit for use 

in chemoinformatics and 

molecular modelling [19] 
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Fig-2 Types of artificial intelligence 

AI applications in medication distribution and 

pharmaceuticals: 

When an AI system is used to control processes 

like manufacturing or clinical trials, the benefits of 

long-term learning are frequently lost after 

training. Despite the relatively recent adoption of 

Quality by Design (QbD) methodology, the 

pharmaceutical business has improved, and the 

most recent industry 4.0 initiatives appear to depict 

a rapidly developing sector [22]. It is therefore very 

likely that an early AI application will be 

implemented if it is created. Unlike other scientific 

domains, pharmaceutical sciences may result in 

delays in the standardization and codification of 

data. For AI to be trained successfully in the 

former, data collection and standardization are 

crucial [23]. 

Applications of AI in the pharma sector: 

• Research and development 

• Quality Control and Quality Assurance 

• In drug discovery – Drug Screening, Drug 

Design, Polypharmacology. 

• Pharmaceutical Manufacturing 

• Pharmaceutical product Development – Nano 

Medicine, Nano robotic drug delivery, 

Combination drug delivery.  

• Medical Diagnosis and Clinical Diagnosis 

• Drug Synergism and Antagonism Prediction 

• Drug prescription and précised medicine 

• Clinical Applications – Radiology, Oncology, 

Gastroenterology, Surgery. 

AI application:  

Here are a few instances of AI in data processing, 

• Search engine optimization and data 

searching to yield the most relevant results. 

• If-then chains of logic that can execute a 

sequence of commands based on arguments.  

Pattern detection to uncover unique insights 

by identifying significant patterns in large 

data sets  

• Predicting future outcomes with probabilistic 

models [24]. 

AI in healthcare:  

Administration: To reduce human error and 

increase efficiency, AI systems are helping with 

routine administrative tasks. Medical note 

transcriptions using natural language processing 
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(NLP) assist in organizing patient data for easier 

reading by physicians. 

Telemedicine: In non-emergency situations, 

patients can get in touch with an AI system at a 

hospital to enter their vital signs, study their 

symptoms, and decide if they need medical help. 

Medical professionals' burden is reduced when 

they are only given the most critical cases. 

Enhanced diagnosis: Thanks to computer vision 

and convolution neural networks, artificial 

intelligence (AI) can now analyze MRI scans to 

search for tumors and other malignant growths at 

an exponentially faster rate than radiologists can, 

with a noticeably less margin of error. 

Robotic surgery: Robotic surgery can do 

surgeries consistently around-the-clock without 

experiencing fatigue and has a very narrow margin 

of error. Because of their great degree of precision, 

they are less invasive than conventional methods 

and can reduce the amount of time patients need to 

recuperate in the hospital. 

Vital stats monitoring: To determine how well a 

person is doing, their health must be continuously 

assessed. The use of wearable technology is 

growing, but the data is not easily available and 

requires analysis to yield meaningful insights.  

Because vital signs can predict changes in health 

before the patient is aware of them, several 

applications have the potential to save lives [25]. 

Advantages of AI:  

• Reduces AI errors. 

• Helps in lessening repetitive work 

• Provide digital Assistance 

• More accurate and faster decisions 

Disadvantages of AI: 

• Cost Effective 

• Lack of practical products 

• Potential of misuse 

Next-generation AI for 3D-printed 

medications: 

AI and the pharmaceutical 3D printing (3DP) 

pipeline can cooperate. The traditional "one size 

fits all" approach to medicine needs to give way to 

the administration of customized drugs. 

Pharmaceutical 3DP can provide tailored drugs in 

the clinic, but it now requires the expertise and 

presence of certified 3DP professionals.  

None of the many common process optimization 

methods, such as mechanistic modelling and finite 

element analysis (FEA), can fully optimize the 

several phases of pharmaceutical 3DP [26].  

Machine learning, on the other hand, can provide 

intelligent optimization at every stage in the 

production of 3DP pharmaceuticals. By doing this, 

the need for continuous expert input into the 

creation of 3DP medications will eventually be 

removed, lowering barriers to the clinical 

application of the technology. [27]  

Nanotechnology with AI: 

AI has been increasingly important in the 

pharmaceutical industry, pharmaceutics, and drug 

delivery because to current molecular 

commodities' longer production periods, higher 

costs, and decreased productivity [28]. But even the 

creation of the present formulas is predicated on 

costly, time-consuming, and unpredictable 

research that is rife with errors [29]. A new system 

called "computational pharmaceutics" is 

integrating big data AI and multiscale modelling 

methodologies into pharmaceutics, suggesting a 

substantial shift in the paradigm of drug delivery. 

Over the past ten years, algorithms and processing 

power have grown exponentially, leading to the 
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development of this system [30]. Examples of 

efforts being made to apply AI techniques to 

pharmaceutical product development include in 

vitro-in vitro correlation, drug distribution, 

physical stability, in vivo pharmacokinetic 

parameters, pre-formulation of physical and 

chemical properties, and activity prediction [31] 

(Fig. 3). 

 
Fig:3 AI in Nano technology 

AI to forecast novel therapies: 

AI advancements and a renewed interest in 

uncommon disease treatments. More than 350 

million individuals worldwide are currently 

afflicted by more than 7000 rare diseases.  

Ten million dollars has been raised by Heal, a 

biotech business based in the United Kingdom,  

to develop new drugs for rare diseases. Another 

Swiss biotech company, T Herachon, has received 

$60 million to develop drugs for rare genetic 

diseases [32]. 

The pharmaceutical industry's use of AI: 

Collaborating with or purchasing IT firms and AI 

startups Numerous pharmaceutical companies 

reach out to specialized enterprises and start-ups 

engaged in AI-powered drug research. This allows 

them to use their expertise and resources to 

develop promising therapy candidates based on 

accepted ideas and experience [33]. 

Academic interaction: Business-academia 

collaborations are expected to grow as 

pharmaceutical companies begin to embrace AI. 

Developing internal knowledge and providing 

employees with the resources they require.  

R&D challenges and open scientific initiatives: 

Compared to earlier methods, this practical AI 

adoption strategy for drug development carries a 

lower financial risk [34] (Table 2). 
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Table-2 AI development 

AI development: 

Aggregation and 

synthesizing information 

Combines new ribonucleic acid (RNA) 

sequencing technologies with proprietary machine learning 

Understanding disease 

mechanism 

Examination of genome-wide screening give a thorough explanation of the 3D 

structure of proteins. Identify the proteins that control the cell cycle. The 

development of the next generation of cancer treatments developing learning 

models for computer vision and medicine. 

Generating novel drug 

candidates Generating 

novel drug candidates 

Convolutional neural networks, or structure-based deep networks CNN 

Check compound libraries for disease-fighting effectiveness. Network-

based method for machine learning estimates the bioactivity of tiny molecules. 

Determine the biologic targets. Determine each metabolite mass's identity. 

Pharma companies have several obstacles while 

trying to implement AI, such as:  (Investment, 

Productivity, AI human inferences) 

• The technology's novelty, considering its 

young and Due of its esoteric nature, AI is still 

viewed as a "black box" by many 

pharmaceutical companies.  

• The bulk of IT programs and systems in use 

today were not developed or built with 

artificial intelligence in mind, which results in 

inadequate IT infrastructure. To make matters 

worse, pharmaceutical businesses have to 

spend a significant amount of money on 

upgrading their IT infrastructure. 

• Pharmaceutical businesses have to take extra 

care to collect and organize the data in a way 

that is conducive to analysis because a 

significant amount of it is in free text format. 

Notwithstanding these drawbacks, AI is 

unquestionably already transforming the 

pharmaceutical and biotech sectors [35]. 

CONCLUSION: 

AI has shown promise in a number of drug 

research domains. AI can assist scientists with 

pharmaceutical development and delivery design, 

planning, quality management, maintenance, and 

quality control. Although it is not a panacea and 

won't cause drastic improvements right away, it 

could boost productivity, offer insightful 

information, and reveal fresh viewpoints in the 

pharmaceutical development process. The 

pharmaceutical industry is presently going through 

a radical change as new science and practices are 

developed, carefully managing risk. AI's ability to 

integrate numerous novel and unfamiliar fields 

will be used to gauge its performance in the 

cutting-edge drug research and development 

process. This field offers applications of AI in data 

management, drug research, diabetes treatment, 

digital consulting, and other areas. There is ample 

evidence that medical AI can significantly 

improve the way both physicians and patients 

provide healthcare in the twenty-first century. 

Abbreviations: 

AI Artificial Intelligence 

ML Machine learning 

SVM Support vector machine 

DNN Deep neural neutrons 

NN Neural network 

DL Deep learning 

ANN Artificial neural network 

NLP Natural language processing 

QbD Quality by design 

3DP 3D printing 

FEA Finite element analysis 

DUB Deubiquitinase 

CNN Convolutional neural network 

  

 



Malneni Dhrani, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 3099-3108 | Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 3107 | P a g e  

REFERENCE 

1. Lamberti MJ, Wilkinson M, DonzantiB A et 

al (2019) A study on the appli cation and use 

of artificial intelligence to support drug 

development. Clin Ther 41(8):1414–1426. 

2. Murali N, Sivakumaran N (2018) Artificial 

intelligence in healthcare: a review. Int J Mod 

Comput Inf Commun Technol 1(6):103–110 . 

3. Sahu A, Mishra J, Kushwaha N (2022) 

Artificial intelligence (AI) in drugs and 

pharmaceuticals. Comb Chem High 

Throughput Screen 25(11):1818–1837.  

4. Bhattacharyya S, Ramakrishna KH (2021) 

Use of artificial intelligence in in silico drug 

discovery of pharmaceuticals. Indian Drugs 

58(12):7–15.  

5. Singh L, Tiwari RK, Verma S, Sharma V 

(2019) The future of artificial intelligence in 

pharmaceutical product formulation. Drug 

Deliv Lett 9(4):277–285.  

6. Flasiński M (2016) Introduction to artificial 

intelligence. Springer, Cham.  

7. Shao Q, Rowe RC, York P (2007) 

Investigation of an artificial intelligence 

technology—model trees: novel applications 

for an immediate release tablet formulation 

database. Eur J Pharm Sci 31(2):137–144. 

8. Li Z, Li X, Liu X, Fu Z, Xiong Z, Wu X, 

Zheng M et al (2019) KinomeX: a web 

application for predicting kinome-wide 

polypharmacology effect of small molecules. 

Bioinformatics 35(24):5354–5356.  

9. Mak KK, Pichika MR (2019) Artificial 

intelligence in drug development: present 

status and future prospects. Drug Discov 

Today 24(3):773–780.  

10. Agatonovic-Kustrin S, Beresford R (2000) 

Basic concepts of artificial neural network 

(ANN) modeling and its application in 

pharmaceutical research. J Pharm Biomed 

Anal 22(5):717–727. 

11. Kakani V, Nguyen VH, Kumar BP, Kim H, 

Pasupuleti VR (2020) A critical review on 

computer vision and artificial intelligence in 

food industry. J Agric Food Res 2:100033.  

12. Zhu H (2020) Big data and artificial 

intelligence modeling for drug discov ery. 

Annu Rev Pharmacol Toxicol 60:573–589.  

13. Chan HS, Shan H, Dahoun T, Vogel H, Yuan 

S (2019) Advancing drug discovery via 

artificial intelligence. Trends Pharmacol Sci 

40(8):592–604. 

14. Ciallella HL, Zhu H (2019) Advancing 

computational toxicology in the big data era 

by artificial intelligence: data-driven and 

mechanism-driven modeling for chemical 

toxicity. Chem Res Toxicol 32(4):536–547.  

15. Danilevsky M, Qian K, Aharonov R, Katsis 

Y, Kawas B, Sen P (2010) A survey of the 

state of explainable AI for natural language 

processing. arXiv:2010. 00711.  

16. Bini SA (2018) Artificial intelligence, 

machine learning, deep learning, and 

cognitive computing: what do these terms 

mean and how will they impact health care? J 

Arthroplasty 33(8):2358–2361. 

17. Choi E, Bahadori MT, Schuetz A, Stewart 

WF, Sun J (2016) Doctor AI: pre dicting 

clinical events via recurrent neural networks. 

In: Machine learning and healthcare 

conference, vol 56, pp 301–318. 

18. Pereira JC, Caffarena ER, Dos Santos CN 

(2016) Boosting docking-based virtual 

screening with deep learning. J Chem Inf 

Model 56(12):2495–2506 . 

19. Brown N (2015) In silico medicinal 

chemistry: computational methods to support 

drug design. Theor Comput Chem Ser. 

https://doi.org/10.1039/ 9781782622604. 

20. Ma L, Sun B (2020) Machine learning and AI 

in marketing–connecting computing power to 

human insights. Int J Res Mark 37(3):481–

504. 



Malneni Dhrani, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 3099-3108 | Review 

                 
              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 3108 | P a g e  

21. Bengio Y, Lecun Y, Hinton G (2021) Deep 

learning for AI. Commun ACM 64(7):58–65.  

22. Paul D, Sanap G, Shenoy S, Kalyane D, Kalia 

K, Tekade RK (2021) Artificial intelligence in 

drug discovery and development. Drug 

Discov Today 26(1):80–93.  

23. Colombo S (2020) Applications of artificial 

intelligence in drug delivery and 

pharmaceutical development. In: Artificial 

intelligence in healthcare, pp 85–116 . 

24. Jacob M, Magerko B (2015) Viewpoints AI. 

In: Proceedings of the 2015 ACM SIGCHI 

conference on creativity and cognition, pp 

361–362. 

25. Morley J, Machado CC, Burr C, Cowls J, 

Joshi I, Taddeo M, Floridi L (2020) The ethics 

of AI in health care: a mapping review. Soc 

Sci Med 260:113172 . 

26. Park K (2019) A review of computational 

drug repurposing. Transl Clin Pharmacol 

27(2):59–63.  

27. Elbadawi M, McCoubrey LE, Gavins FK, 

Ong JJ, Goyanes A, Gaisford S, Basit AW 

(2021) Harnessing artificial intelligence for 

the next generation of 3D printed medicines. 

Adv Drug Deliv Rev 175:113805 . 

28. Yang Y, Siau KL (2018) A qualitative 

research on marketing and sales in the 

artificial intelligence age. Paper presented at 

the thirteenth midwest association for 

information systems conference, Saint Louis, 

Missouri, 17–18 May, 2018.  

29. Tekade RK (2020) The future of 

pharmaceutical product development and 

research. Jammu, India.  

30. Mishra V (2018) Artificial intelligence: the 

beginning of a new era in pharmacy 

profession. Asian J Pharm. 

https://doi.org/10.22377/ajp.v12i02. 2317.  

31. Alshawwa SZ, Kassem AA, Farid RM, 

Mostafa SK, Labib GS (2022) Nanocarrier 

drug delivery systems: characterization, 

limitations, future perspectives and 

implementation of artificial intelligence. 

Pharmaceutics 14(4):883. 

32. Krishnaveni C, Arvapalli S, Sharma J, Divya 

K (2019) Artificial intelligence in pharma 

industry: a review. Int J Innov Pharm Sci Res 

7(10):37–50. 

33. Markoff J (2011) On ‘Jeopardy!’: Trivial, It’s 

not. The New York Times. 

https://www.nytimes.com/2011/02/17/scienc

e/17jeopardy-watson.html. 

34. Bass D (2016) Microsoft develops AI to help 

cancer doctors find the right treatments. 

Bloomberg, New York. 

35. Ahuja AS (2019) The impact of artificial 

intelligence in medicine on the future role of 

the physician. PeerJ 7:e7702. 

 

HOW TO CITE: Malneni Dhrani, Yemineni Samatha, 

Sundarapu Lakshmi Prasanna, Medisetty Madhumitha, 

D. Anusha, Kallam Naga Sricharan Reddy, The 

Emergence of Artificial Intelligence and Technology in 

The Pharmaceutical Industry, Int. J. of Pharm. Sci., 2025, 

Vol 3, Issue 11, 3099-3108. 

https://doi.org/10.5281/zenodo.17659220 


