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MAIN ROLE 
 

 
Context: 
CADENCED (Computer Assisted Discovery and Elucidation of Novel Catalysts for Economic 
Development of Saudi Arabia) is a joint research project between IFP, CNRS and ENS Lyon in 
relation with the KCRC (KAUST Research Center For Catalysis). 
In the 2009-2013 it will address one challenging target in chemistry/petrochemistry, namely 
designing a new catalyst and process for higher alpha-olefin production from ethylene (1-
hexene, 1-octene) and one challenging target in hydrogen production from water by 
photocatalysis using an approach combining computational and experimental methods to 
speed up the discovery process. In support of these two practical subprojects, and in view of 
the extensive use of computing required, another specific and challenging subproject on 
accelerated high performance computing (HPC) applied to catalysis is proposed. 
 
The goal of this subproject is to develop and optimize a hybrid computing system by coupling a 
high performance computer with graphic microprocessors (GPU) or accelerators such as CELL 
processor and then to develop and implement algorithms improving performances of the 
quantum calculation software code (software enhancement) running on this hybrid system. 
These developments should provide an expected gain from 5 to 10 times in computing speed 
for applications in catalysis. Once implemented in KAUST these improvements should provide 
users in KCRC with enhanced HPC resources necessary to deploy “Computer Assisted 
Discoveries” methodologies applied to catalysis and materials sciences. 
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Proposed postdoc research project: 
The goal of the research project is to optimize the coupling of KAUST powerful supercomputer 
(multi Teraflops range) with a blade center enclosure composed of computing accelerators. 
Research works done since 2 years at IFP have shown that by coupling traditional clusters or 
High Performance Computing (HPC) machines with accelerators based on FPGA, GPUs or 
CELL processors and by recoding the most time consuming parts of the codes (with 
programming languages like CUDA, HMPP or RapidMind Toolkit) and offloading them on the 
accelerator it is possible to gain 5 to 30 times in computing speed. 
 
The methodology applied for each code used inside the CADENCED project will be first to 
profile the performance of the code, then to isolate the time consuming parts of the code and 
rewrite it on a programming language suited for the chosen accelerator and finally to release to 
the partners of the project the final version of the hybrid simulation code developed. 
 
An important research issue will be the tight coupling of theses accelerators with the parallel 
simulation running on the host platform. Two examples of coupling issues are the optimization 
of the memory traffic between the host computer and the accelerators and the memory 
footprint of the parts of the code to be offloaded on the dedicated accelerators. 
 
The target machine proposed for this project is a powerful supercomputer (e.g. IBM Blue 
Gene) located at KAUST facilities. The Supercomputer will be coupled with an additional 
Bladecenter like enclosure composed by CELL and/or GPU blades. This accelerating device 
will be located initially at IFP facilities. 
 
KAUST: King Abdullah University of Science & Technology (Saudi Arabia) 
 
The CADENCED project (Computer Assisted Discovery and Elucidation of Catalysts for 
Economic Development of Saudi Arabia) is a project for joint research activities between the 
KAUST Catalysis Research Center and the ICE consortium (IFP/CNRS/ENS Lyon) in the 
framework of the Special Academic Partnership Program. 
 

 

PROFILE 
 

Knowledge and skills required : 

The student must have skills in the following computer science domains: 
- Parallel algorithms 
- Parallel programming with MPI and OpenMP 
- Languages: Fortran90, C and C++ 
- Computer architecture, operating systems 

Skills in the following domains will be appreciated: 
- gpgpu and CUDA programming 
- IBM CELL programming 
- Molecular dynamics 

Special conditions : 

 
 
 
 


