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ABSTRCT 

Computational science has transformed into a dynamic, 
multidisciplinary field that draws on advanced techniques 
from artificial intelligence (AI), mathematics, chemistry, 
and physics to drive scientific discovery and problem-
solving. By adopting data-driven approaches, researchers 
can integrate complex datasets, build predictive models, 
and automate processes leading to major breakthroughs 
across a wide range of disciplines. Mathematics underpins 
the field by providing essential algorithms for numerical 
methods, optimization, and statistical analysis, ensuring 
accuracy and rigor in data interpretation. Physics 
contributes fundamental principles that govern real-world 
behavior, enabling precise simulations in areas like 
quantum mechanics, fluid dynamics, and thermodynamics. 
Chemistry adds depth through molecular modelling and 
reaction kinetics, playing a critical role in drug discovery, 
materials science, and environmental studies. AI enhances 
all of these areas by efficiently analyzing large datasets, 
uncovering patterns, and generating predictive insights, 
significantly boosting the decision-making capabilities of 
computational research. This paper delves into how AI-
powered, data-driven methodologies accelerate 
simulations, deepen scientific understanding, and enhance 
accuracy across mathematical, physical, and chemical 
applications. Techniques such as machine learning, neural 
networks, and high-performance computing allow 
researchers to tackle complex problems with greater 
speed and efficiency. Moreover, interdisciplinary 
collaboration is driving innovation in areas like healthcare, 
clean energy, and advanced material development. The 
fusion of AI and computational science marks a major shift 
in how research is conducted streamlining workflows, 
enabling automated discovery, and opening new frontiers. 
As computational methods continue to evolve, the 
integration of data science with mathematics, chemistry, 
and physics will reshape scientific exploration and unlock 
groundbreaking advancements across multiple domains. 
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INTRODUCTION 

Human life is a continuous journey of learning, shaped by 
observation and experience. Through these, we gather 
different types of information—some measurable, others 
more descriptive. By repeatedly witnessing events, we 
start to recognize patterns that link data to events and 
events to one another. In scientific discovery, these 
patterns are formalized into laws and equations, while 
data is represented through properties and variables. 
Observations, whether actions or characteristics, are 
measured to help understand these relationships. Laws 
and equations, common in science, enable us to make 
predictions and efficiently share knowledge with minimal 
information. However, traditional scientific learning is 
slow. It requires extensive observation, often through 
costly experiments, to identify key variables and their 
effects across numerous possible scenarios—sometimes 
overlooking important, unexpected factors. Additionally, 
science typically relies on hypotheses, meaning it carries 
an inherent bias. The scientific method was developed to 
counteract the natural biases and limitations of human 
thinking, particularly our tendency to seek explanations 
beyond observable reality. 

 

 

Fig:1 Difference B/W Paradigm approach 
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Data-driven discovery in science using  AI 

Physics- and structure-based data-driven approaches 

Engineering and scientific modelling face challenges when 
relying solely on data-driven methods, as they may not 
account for all relevant factors. To address this, 
researchers are increasingly combining data-driven 
approaches with established physical principles, like 
conservation laws such as energy conservation and 
maximum entropy. This mixed approach aims to enhance 
the reliability of results by integrating fundamental 
scientific concepts. 

Traditionally, modelling follows either a macro or micro-
macro approach. In a macro approach, everything is 
analysed at a large-scale continuum level. In contrast, 
micro-macro (structure-based) methods define 
relationships at the microscopic level based on material 
properties. A more advanced macro-micro-macro 
approach works slightly differently. Instead of defining 
properties at the microscale, it establishes connections 
between microscopic mechanical variables. These 
relationships are then applied at the continuum level, 
linking them to larger-scale properties. At this stage, data-
driven techniques determine how the system behaves at 
both micro and macro scales. 

  Data-driven approaches in solid mechanics. 
Macro (left): variables and possible parameters are 
macroscopic; data-driven procedures determine the 
constitutive/design manifolds from observed macroscopic 
behaviour. Micro-macro (center): a model for the 
microscopic behaviour is used, with material parameters 
meaningful at the macroscopic scale. Massive simulations 
are performed to develop either micro or macro 
constitutive manifolds as a function of parameters at 
the micro scale. Reduced representations may be used at 
any level. Macro-micro-macro (right): Minimal 
microscopic information is used (e.g., the material 
structure), assumed constitutive laws are avoided. The 
raw kinematic microstructural dependencies are pushed 
to the continuum scale, carrying the microstructural 
variables. Compliant macro-micro behaviour is obtained at 
the continuum level, solving both behaviours at once. 

 

Fig : 2 Processing of Macro, Micro-macro, 

Macro-micro-macro 

The availability of curated labelled and unlabelled data in 
the chemical sciences is very large compared with some 
other physical sciences. Since its origins many decades 
ago, the Chemical Abstracts Service has compiled a list of 
over 144 million known substances, and about 67 million 
protein and DNA sequences (www.cas.org). More than 
15,000 substances are added each day. The size of 
potential chemical space, however, is overwhelmingly 
larger than our ability to explore it by hand. Different 
estimates for the number of chemically accessible 
molecules range from 1,030 to 10,100. Therefore, the 
number of possible combinations to explore is very large. 
The speed at which data is being generated is higher than 
the speed at which we can analyses them. In this regard, 
data-driven techniques are important, and they are 
increasingly being used in guessing or narrowing the 
search for compounds with given desired characteristics . 
This is especially important because even though the 
number of possible targets has been increasing, the actual 
number of new drug launches is decreasing, whereas the 
costs associated with their development is increasing 
steadily 

The relevance of data-driven approaches in chemistry 

The discovery of new chemical compounds such as small 
molecule drugs, and the assignment of new application 
labels to existing ones are very complex processes. 
Usually, the lack of deterministic approaches to predict 
performance from structure and the complexity of 
carrying out discrete optimization over chemical graphs 
result in very costly trial-and-error tests to arrive at a 
product with the desired performance. The procedure 
of drug discovery typically follows different stages (1) 
target validation, (2) primary and secondary assay 
development (high-throughput screening), (3) hit to lead 
compound, (4) lead optimization, (5) preclinical drug 
development and (6) clinical drug development. 

https://www.sciencedirect.com/topics/engineering/chemical-abstracts-service
https://www.sciencedirect.com/topics/materials-science/dna-sequence
http://www.cas.org/
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Fig:3 Stages of Molecules Processing 

The availability of curated labelled and unlabelled data in 
the chemical sciences is very large compared with some 
other physical sciences. Since its origins many decades 
ago, the Chemical Abstracts Service has compiled a list of 
over 144 million known substances, and about 67 million 
protein and DNA sequences (www.cas.org). More than 
15,000 substances are added each day. The size of 
potential chemical space, however, is overwhelmingly 
larger than our ability to explore it by hand. Different 
estimates for the number of chemically accessible 
molecules range from 1,030 to 10,100. Therefore, the 
number of possible combinations to explore is very large. 
The speed at which data is being generated is higher than 
the speed at which we can analyses them. In this regard, 
data-driven techniques are important, and they are 
increasingly being used in guessing or narrowing the 
search for compounds with given desired characteristics . 
This is especially important because even though the 
number of possible targets has been increasing, the actual 
number of new drug launches is decreasing, whereas the 
costs associated with their development is increasing 
steadily 

 

Fig:4 Process of Storing the  Data of Molecules using AI 

Artificial Intelligence in Mathematical Modelling of 
Complex Systems 

Artificial intelligence has extensive applications in 
mathematical modelling of complex systems. Through 
technologies such as machine learning and deep learning, 
artificial intelligence can learn from large amounts of data 
and discover patterns and regularities in the system. This 
ability allows artificial intelligence to better understand 
and solve problems in complex systems. Implementation 
flow of artificial intelligence in mathematical modelling of 
complex systems. 

The advantage of data-driven modelling is its ability to 
extract the actual behaviour of a system from real data 
without relying on a priori knowledge of the system or 
theoretical assumptions. Through a large amount of data 
observation and analysis, data-driven modelling can more 
comprehensively consider the nonlinearity and 
complexity of the system, and can capture subtle changes 
and anomalies in the system. 

 

Fig:5 Mathematical Data Modeling 

CONCLUSIONS  

The 21st Century is considered the Century of Big Data. 
The change of century has brought a historic change in our 
society. Computers, Internet and the new digital devices 
are producing a large amount of data. Current 
computational power and cloud computing also allow for 
an unforeseen number of simulations. However, instead of 
being overwhelmed by such amount of raw information, 
we are learning how to take advantage of the new 
paradigm. Software companies have taught us that much 
benefit and key information may be obtained from data 
analytics. Then, we are learning new ways of doing things, 
among them, science and engineering. 

Data-driven procedures focus on data and try to extract 
variables and relations directly from raw data, giving 
frequently more accurate responses without the use of 

https://www.sciencedirect.com/topics/engineering/chemical-abstracts-service
https://www.sciencedirect.com/topics/materials-science/dna-sequence
http://www.cas.org/
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classical analytical laws and equations. However, many 
open questions remain, and in some occasions, drawbacks 
have been found as the lack of fulfilment of some physical 
principles. Then, new physics-based data-driven 
procedures are getting in. 
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