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The trio - Scientific computing, Life Sciences and Applied Statistics altogether help provide a fundamen-
tal understanding of complex biological systems and offers the potential to significantly impact a wide

variety of technologies. Scientific computing is the cross-disciplinary field at the intersection of modeling scientific pro-
cesses, and the use of computers to produce quantitative results from these models. It is what takes a domain science
and turns it into a computational activity. Computational statistics is somewhat recent discipline which has emerged out
of the increasing applications of computers to sort and simulate the statistical problems. Statistical computing includes
numeric analysis, database methodologies, computer graphics, software engineering and the computer-human inter-
face. This paper elaborates the role of the Scientifc computing, Applied statistics, their scope in the field ; the methods

of implementation and various applications.

Introduction

Scientific Computing and Life Sciences have gained
the most important place in the field of science and
technology in the last decade. They are positioned
at the intersection of the high performance comput-
ing, quantitative modeling and modern biology. The
trio - Scientific computing, Life Sciences and Applied
Statistics altogether help provide a fundamental under-
standing of complex biological systems and offers the
potential to significantly impact a wide variety of tech-
nologies, including drug discovery, novel therapies for
human, animal and plant diseases, metabolic engineer-
ing and efficient production of traditional and high-val-
ue foodstuffs.

Scientific Computing:

Computational science (also scientific computing or scientific
computation) is concerned with constructing mathemati-
cal models and quantitative analysis techniques and us-
ing computers to analyze and solve scientific problems.
In practical use, it is typically the application of computer
simulation and other forms of computation from numerical
analysis and theoretical computer science to problems in
various scientific disciplines.[1]

The essence of computational science is numerical algo-
rithm[2] and/or computational mathematics. In fact, sub-
stantial effort in computational sciences has been devoted
to the development of algorithms, the efficient implemen-
tation in programming languages, and validation of com-
putational results.

Scientific computing is the cross-disciplinary field at the in-
tersection of modeling scientific processes, and the use of
computers to produce quantitative results from these mod-
els. It is what takes a domain science and turns it into a
computational activity. As a definition, we may describe it:
“The efficient computation of constructive methods in ap-
plied mathematics.”[3].

2.1 Methods and Algorithms:

There are numerous methods which prove vital to the
application of Computational Science in various fields.
Such applications include pattern recognition, machine
learning, multistage modeling of biological data, metrol-

ogy, geometric modeling, tomography, signal and image
processing etc.

Various Methods/Mathematical Models used in Scientific
Computing:

The methods used in various applications of Scientific
Computing are varied. The methods which are commonly
applied include[4]:

*  Numerical analysis

e Application of Taylor series as convergent and asymp-
totic series

e Computing derivatives by Automatic differentiation
(AD)

e Computing derivatives by finite differences

e Graph theoretic suites High order difference approxi-
mations via Taylor series and Richardson extrapolation

* Methods of integration on a uniform mesh: rectangle
rule (also called midpoint rule), trapezoid rule, Simp-
son’s rule

* Runge Kutta method for solving ordinary differential
equations

Use of Various Algorithms in Scientific Computing:
Real-world changing conditions are modeled and imple-
mented by the Scientific Computing application programs.
Such application include weather forecasting, flow and pat-
tern of air around a plane, automobile body distortions in
a crash, the motion of stars in a galaxy, an explosive de-
vice, etc. Each specific condition/problem contains a set of
vague information, which are identified, refined, defined
and recorded in the form of various absolute as well as
discrete data sets. Each data set corresponds to an area in
space and contains information about that space relevant
to the model.

2.2 Computer Modeling and Simulation:

A model is a physical, mathematical, or logical representa-
tion of a system entity, phenomenon, or process. A simula-
tion is the implementation of a model over time. A simu-
lation brings a model to life and shows how a particular
object or phenomenon will behave. It is useful for testing,
analysis or training where real-world systems or concepts
can be represented by a model [5]
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Various classes of computer based modeling and simula-
tion:

The three classes of models and simulations are: virtual,
constructive, and live:

Virtual simulations represent systems both physically and
electronically. Examples are, the, Close Combat Tactical
Trainer, certain modules for the delivery of built-in training,
various scientific models which function on computational
powers and appear physically for the further gesture.

Constructive simulations represent a system and its em-
ployment. They include computer models, analytic tools,
mockups, IDEF, Flow Diagrams, and some engineering
software tools like Computer-Aided Design/ Manufacturing
(CAD/CAM).

Live simulations are simulated operations with real opera-
tors and real equipment. Examples are fire drills, opera-
tional tests, and the systems that work at laboratories to
aid to the medical functionalities.

3. Computational Life Sciences:

Rapid advances in computer science, biology, chemistry,
and other disciplines are enabling powerful new computa-
tional tools and models for simulating the applications of
various faculties of applied sciences into the field. These
computational tools hold tremendous promise for advanc-
ing applied and basic science. They provide the environ-
ment for simplifying the process from streamlining drug
efficacy and safety testing to increasing the efficiency and
effectiveness of risk assessment for environmental chemi-
cals.

3.1 Computational life sciences task categories:

In silico drug discovery:

In silico drug discovery involves identifying potentially bio-
logically active substances by modeling large numbers of
complex virtual molecular interactions; it is generally con-
sidered to be an extremely computationally intensive task.

Clinical Research Informatics:

It will fundamentally change the process of moving beyond
relatively small numbers of parameters and predictors, to-
wards large scale genomic, metabolomic and proteomic
datasets which will enable far more detailed associations
between patient and disease progression, for improved
outcomes.

Biomedical Image Analysis:

Rapid increases in the resolution and usage patterns of,
and data generated by, modern imaging technologies
like Functional MRI, PET, multislice CT), both clinical and
research, necessitate a corresponding increase in compu-
tational resources to process and analyse the image data.
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Biomolecular Structure Prediction:

Structure prediction from physical principles is very compu-
tationally demanding. More computing power will immedi-
ately allow the simulation of more complex biomolecules.

Computational biomodelling envelops a large amount of
simulation technologies spanning cell, tissue, organ and
organ system modelling, physiological state modelling,
through to social interactions and population dynamics.

Bioinformatics (or Computational ‘omics’): Bioinformatics
referes to the computational analysis of the information en-
coded in the biological data and their expression patterns.

3.2 Major computational methods for life sciences compu-
tation:

There are a number of computational methods which
support the life sciences computations. Depending on
the computational requirements, single or the combi-
nation of methods can be put to use for varied tasks.
They are:

Data Mining:

It is an interdisciplinary subfield of computer science[6]. It
can be regarded as the computational process of discov-
ering patterns in large data sets involving methods at the
intersection of artificial intelligence, machine learning, sta-
tistics, and database systems.

Mathematical Modelling:

It involves describing the system using mathematical con-
cepts and language. The mathematical modeling in life sci-
ences generally includes the problems that thrive upon the
mathematical solutions for the given problems. Eg. Differ-
ential equations, fitting the curves to lines etc

Image analysis and visualization:

Image analysis generally deals with the extraction of im-
portant information from the images. Digital image pro-
cessing techniques can be used for the purpose of segre-
gating vital information from mainly digital images. These
techniques are inspired by human visualization perception
models.

Sequence Analysis:

Various Bioinformatics methodologies including sequence
alignment, searching biological databases and other such
techniques are used to understand the features, functions,
structures or evolution of DNA, RNA or such other pep-
tide sequences[7]. They are used for the pattern matching,
gene identification application etc.

Data Indexing:
It can be defined as quite large datasets which are likely to
be commonplace soon because of the next-gene sequenc-
ing and image technologies. Data indexing would include
scalable techniques and related indexing technologies for
these datasets.

4. Scientific computing and applied statistics:

Statistics is fundamentally concerned with the understand-
ing of structure in data. One of the effects of the infor-
mation-technology era has been to make it much easier to
collect extensive datasets with minimal human intervention.
Fortunately, the same technological advances allow the us-
ers of statistics access to much more powerful ‘calculators’
to manipulate and display data.
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Computational statistics is somewhat recent discipline
which has emerged out of the increasing applications of
computers to sort and simulate the statistical problems. It
basically aims at the design of algorithm for implementing
statistical methods on computers, especially those, which
otherwise could not have been implemented without com-
puters, per say bootstrap, simulations as well as some oth-
er analytically intractable problems[8]

4.1 Various application areas of statistics:
Statistical techniques are used in a wide range various sci-
entific and social researches, including:

® biostatistics

computational biology

computational sociology

network biology

Social science, sociology and social research.

Some fields of inquiry use applied statistics so extensively
that they have specialized terminology.

4.2 Computational statistics:

Computational statistics is somewhat recent discipline
which has emerged out of the increasing applications of
computers to sort and simulate the statistical problems. It
basically aims at the design of algorithm for implementing
statistical methods on computers, especially those, which
otherwise could not have been implemented without com-
puters, per say bootstrap, simulations as well as some oth-
er analytically intractable problems[8].

The cross currents of the Computational Statistics:

The Computational Statistics is regarded now as a sepa-
rate discipline in itself. In fact, it is a crux of various funda-
mental disciplines, and in a true sense actually, it is a mul-
tidisciplinary paradigm. Among any other inclusions, it is
more closely related to statistics, though. It directly relates
itself to the applied statistics, where computationally inten-
sive methods are becoming commonly used in various ap-
plication areas. Developments in other areas like numeric
science and statistical analysis are also related to this area
in a relevant manner.
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Statistical Bioinformatics:

Technological advances in all the fields including applied
statistics as well as Bioinformatics are providing levels and
magnitudes of life science related data that were unimagi-
nable even five years ago. This leads every component of
what scientists do to be put forward by stretching, chang-
ing, and projecting forward in anticipation of further more
development, both in the research area as well as in the
practical implementation. The largest shift has been in the
way we do science, it is no longer single laboratory sci-
ence, it is now multidisciplinary efforts that bridge many
disciplines and many species.

Conclusion:

The life sciences comprise the fields of science that involve
the scientific study of living organisms - such as microor-
ganisms, plants, animals, and human beings — as well as
related considerations like bioethics. While biology remains
the centerpiece of the life sciences, technological advanc-
es in molecular biology and biotechnology have led to a
burgeoning of specializations and interdisciplinary fields.
The largest shift has been in the way we do science, it is
no longer single laboratory science, it is now multidiscipli-
nary efforts that bridge many disciplines and many species;
and computers have a major role to play in the field.
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