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The Abdus Salam International Centre for Theoretical Physics is organizing a Workshop on
Computer Programming and Advanced Tools for Scientific Research Work to be held at ICTP,
Trieste, Italy from 11 to 22 March 2013 followed by a Quantum ESPRESSO Developer Training.

Modern scientific research work involves the use of computers for simulation, modeling, data
processing and visualization. The complexity of those calculations favors using tools, packages
or frameworks that provide domain specific scripting, modular software design and code reuse.
Often large parts of the work can be implemented in a script language, with time critical
operations offloaded to external libraries or modules written in Fortran, C, or C++. In step with
this, modern multi-core architectures or accelerators like GPUs may be needed.

In all of these cases, a good understanding of performance issues like when to use scripting and
when compiled code or what kind of algorithm to choose (for good performance and memory
scaling with problem size) is required. Similarly, knowledge of effective multi-core parallel
programming and a clean memory management has to be acquired and applied.

This hands-on workshop focuses on sharing best practices and building fundamental skills in
creating and enhancing modular, reusable and extensible software along with training in
selecting and using adequate high level tools for scientific research work. Emphasis is also
given to using modern collaborative software management tools and including facilities for
validation and embedded documentation of newly written or added software.

Topics of the working sessions:

Scripting for scientific computing (e.g. Python)

Writing modular, extensible, and reusable code

Computer architecture and memory hierarchy of multi-core systems.

Design of scientific software for clean memory management, efficient I/0, effective data
structures and well scaling algorithms

Multithread and SIMD programming (OpenMP, OpenCL)

How to build complex software packages using multiple programming languages
Debugging and profiling serial and multithreading software

Use of scientific libraries for linear algebra operations and signal processing
Effective use of source code management systems

Building unit and regression tests suites

Use of tools for extracting embedded documentation

Usage of data processing and visualization tools for scientific research
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Requirements: strong knowledge of Linux command line environment and good knowledge of one of the
following programming languages: FORTRAN, C, or C++.

The optional Quantum ESPRESSO training during the third week of the activity is mainly aimed at
scientific developers interested in the Quantum ESPRESSO distribution.
The topics presented and directly applied will be:

1) Fundamentals of the Quantum ESPRESSO suite of codes
a) Source code management system
b) Configuration and Packaging
c) Development methodology
2) Computational aspects and general structure of the software package

3) Best practices for developing with Quantum ESPRESSO and integrating external packages

Further information will be available through the ICTP Network system and the Quantum ESPRESSO
website (www.quantum-espresso.org)
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