
Large Scale Scientific Computing - Pushing
the Boundaries of Discovery

Scientific computing has revolutionized the way we conduct research, enabling
scientists to process vast amounts of data and solve complex problems that were
once considered impossible. From simulating climate patterns to modeling protein
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structures, large-scale computing has become an indispensable tool in various
scientific fields.

:

Large scale scientific computing refers to the use of powerful computational
resources to tackle scientific challenges that require significant computing power.
This field encompasses a wide range of applications, such as simulations, data
analysis, optimization, and machine learning. The driving force behind large-scale
scientific computing is the need to process massive datasets, perform complex
calculations, and drive innovation in scientific research.
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Advancements in Computing Power:

The rapid development of computing hardware and software has played a crucial
role in enabling large-scale scientific computing. Over the years, we have
witnessed immense growth in processor speeds, memory capacity, and storage
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capabilities, allowing scientists to solve increasingly complex problems. High-
performance computing (HPC) systems, such as supercomputers and distributed
computing platforms, have become essential in this domain.

HPC systems are designed to handle parallel computations, where multiple
processors work together to solve a problem. This parallelism allows for faster
processing and analysis of enormous datasets, making it feasible to simulate
intricate phenomena, model intricate physical processes, and optimize complex
systems.

Applications of Large Scale Scientific Computing:

Large-scale scientific computing finds application in various scientific disciplines,
pushing the boundaries of exploration and discovery. Let's explore a few
prominent areas where this technique has made a significant impact:

1. Climate Modeling and Prediction:

Climate change is one of the most crucial challenges that our society faces today.
Large-scale scientific computing has greatly contributed to understanding and
predicting climate patterns. By simulating various factors like atmospheric
conditions, ocean currents, and land features, scientists can model the Earth's
climate system. These simulations allow for better prediction of future climate
trends, which is critical in developing mitigation strategies and building resilience
against the impacts of climate change.

2. Drug Discovery and Development:

The process of discovering and developing new drugs is extremely complex and
time-consuming. Large-scale scientific computing has revolutionized this field by
enabling high-throughput virtual screening of potential drug candidates. Using
powerful algorithms and computational simulations, scientists can identify



promising compounds with the potential to treat various diseases. This
significantly speeds up the drug discovery process and reduces the cost
associated with traditional laboratory experiments.

3. Astrophysics and Cosmology:

The study of the universe and celestial bodies involves analyzing an
unimaginable amount of data. Large-scale scientific computing is essential in
handling and analyzing this vast amount of information. Scientists can simulate
the formation of galaxies, model cosmic events, and understand the behavior of
black holes using computational techniques. These simulations help astronomers
gain insights into the origins of the universe and answer fundamental questions
about its nature and evolution.

4. Materials Science and Nanotechnology:

Materials science and nanotechnology require a deep understanding of the
behavior and properties of materials at the atomic and molecular levels. Large-
scale scientific computing allows researchers to simulate and model the behavior
of materials under different conditions, predict their properties, and guide the
design of new materials. This has led to significant advancements in various
fields, such as energy storage, electronics, and biomedicine.

5. Genomics and Bioinformatics:

Large-scale scientific computing has revolutionized genomic research by
enabling the analysis of large sets of genomic data. Scientists can now analyze
vast amounts of DNA sequences, identify genetic variations, and uncover
potential links between genes and diseases. This knowledge has profound
implications for personalized medicine, genetic engineering, and understanding
the complex mechanisms underlying human health and disease.



The Future of Large Scale Scientific Computing:

As technology continues to advance, the future of large-scale scientific computing
looks promising. The development of quantum computers, which leverage
quantum mechanics principles, holds the potential to solve complex problems
even more efficiently. These computers, once fully realized, could revolutionize
scientific computing by offering unprecedented processing power and tackling
problems that are currently beyond reach.

Furthermore, advancements in artificial intelligence and machine learning will
play a vital role in extracting meaningful insights from vast datasets and
improving the accuracy of predictions. The combination of large-scale computing,
AI, and machine learning will enable scientists to make groundbreaking
discoveries and unravel the mysteries of the universe.

:

Large-scale scientific computing has unlocked unprecedented possibilities for
scientific exploration, shaping our understanding of complex systems and
phenomena. From predicting climate patterns to accelerating drug discovery, the
capabilities of large-scale computing are reshaping the boundaries of scientific
discovery. As technology advances, we can look forward to further advancements
in this field, bringing us closer to solving some of the world's most pressing
scientific challenges.
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This book constitutes the thoroughly refereed
post-conference proceedings of the 10th International Conference on Large-
Scale
Scientific Computations, LSSC 2015, held in Sozopol, Bulgaria, in June 2015.

The 49 revised full papers presented were carefully
reviewed and selected from 64 submissions. The general theme for LSSC 2015
was
Large-Scale Scientific Computing with a particular focus on the organized
special sessions: enabling exascale computation; control and uncertain systems;
computational microelectronics - from monte carlo to deterministic approaches;
numerical methods for multiphysics problems; large-scale models: numerical
methods, parallel computations and applications; mathematical modeling and
analysis of PDEs describing physical problems; a posteriori error control and
iterative methods for maxwell type problems; efficient algorithms for hybrid
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HPC systems; multilevel methods on graphs; and applications of metaheuristics
to large-scale problems.
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