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Abstract

Nowadays, increasing the processing power of supercomputers is a worldwide race. This race, signifies the importance of supercomputers
in the current era. They are engines of improving technology in almost all scientific areas, such as computational biology, earth sciences,
cosmology, fluid dynamics, and plasma modeling, to name a few. Next generation of supercomputers can be divided into two broad

categories: 1) emerging technologies such as neuromorphic and quantum computing and 2) Exascala computing. Emerging technologies will
be the future of supercomputing, however, not in a very recent future. Therefore, in this paper, we have focused on Exascale computing,
and have tried to provide a comprehensive overview of the main requirements for this technology to be achieved and become available.
Requirements have been overviewed from different aspects; hardware, software, artificial intelligence, and cloud computing. In addition, we
have attempted to provide a complete taxonomy of hot research topics within this area.
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o High-performance scientific and engineering
computing

* Numerical Solvers

e Mixed Arithmetics

e Mathematical, probabilistic and statistical
models and theories

e Large scale optimization

e Computational science and scalable methods

e Using HPC for scalable multi-scale, multi-
physics, and high-fidelity computational
science

e Structured and unstructured meshes using
extreme scale computing

e Computational biology, earth sciences,
cosmology, fluid dynamics, plasma modeling

o High Performance Systems for Medical
Applications

e Machine Learning for Weather and Climate

e Machine Learning in Life Sciences

e Education, health, cost/energy-efficient
design, smart cities, emerging markets, and
interdisciplinary applications

o Parallel and distributed system architectures

e Exascale Systems

Multicore, Many-core and Multithreaded

Architectural Approaches

HW Heterogeneity

System-on-chip

Reconfigurable architectures

Node and system architecture for HPC and

Big Data clusters

Energy-efficient cluster architectures

e 3D-stacking

e Parallel and distributed software
technologies

e Parallel and distributed algorithms

e Peer-to-peer computing

High performance Adaptive and Evolvable

Computing

Grid and cluster computing

Web services and Internet computing

Cloud computing

Synchronization and concurrency control

High-level parallel programming and

performance models (e.g. BSP, CGM, LogP,

MPM, etc.) and too

o Declarative parallel and distributed
programming methodologies based on
functional, logical, data-flow, actor, and
other paradigms

e Efficient code generation, auto-tuning and
optimization for parallel and distributed
programs

e High-level parallel methods for large
structured and semi-structured datasets

e Novel task-based runtime environments

e Hybrid programming techniques in
applications and libraries (e.g., MPI+X)

e Programming models for Big Data processing

e Stream Processing

e Networking, network function virtualization,
software-defined networking

e Memory policies and management
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