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ABSTRACT 
Adaptations to use next-generation computers closer to 
their potential are underway throughout scientific 
computing, including the important domains of CFD and 
other PDE-based models. Instead of squeezing out flops – 
the traditional goal of algorithmic optimality, which once 
served as a reasonable proxy for all associated costs 
(whether counting execution time or energy consumed)  – 
algorithms must now put the squeeze on synchronizations, 
memory, and data transfers, while extra flops on locally 
cacheable data typically represent only small costs in time 
and energy. The scalable solvers employed in today's 
PDE-based codes, in particular, exploit frequent global 
synchronizations. After decades of programming model 
stability with bulk synchronous processing (BSP) based 
on domain decomposition implemented in the message 
passing interface (MPI), new programming models must 
be co-designed with the hardware.  This architecture-
induced evolution coincides with an evolution in 
capabilities demanded of the models, such as optimization, 
data assimilation, parameter identification (inverse 
problems), and uncertainty quantification. This talk will 
briefly recap the architectural constraints and outline 
future directions.  We will illustrate with KAUST 
implementations of scalable solvers for emerging many 
core and GPU architectures. 
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