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HPC	in	Industry:	Introductory	Tales
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H�P�C offers

An awe�some ren�dez�vous for

in�dus�try and KAUST!

Haiku	for	industry	session
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HPC	in	Industry,	Agencies	&	Business
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Simulation Data Architecture

Scientific	Computing	at	KAUST
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Three	milestones	from	2016-2017

• Full-scale 100 Hz, 7.5m inversion
• GeoDrive (in-house)
• Believed to be highest ever frequency 

and finest ever resolution
• Trillion-cell reservoir simulation

• GigaPowers (in-house)
• Believed to be highest ever resolution

• 200,000-core oil-gas separation 
• ANSYS (commercial)
• Believed to be highest ever granularity 
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Seismic	Inversion	(from	“Arabian	Sun”)
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A collaboration of With support from Sponsored by 

A HIGH PERFORMANCE STENCIL FRAMEWORK USING 
WAFEFRONT DIAMOND TILING 
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The Girih framework implements a generalized multi-dimensional intra-tile parallelization  scheme for shared-cache 
multicore processors that results in a significant reduction  of cache size requirements for temporally blocked stencil 
codes.. It ensures data access patterns that allow efficient hardware prefetching and TLB utilization across a wide range 
of architectures. Girih is built on a multicore wavefront diamond tiling approach to reduce horizontal data traffic in favor of 
locally cached data reuse. The Girih library reduces cache and memory bandwidth pressure, which makes it amenable to 
current and future cache and bandwidth-starved architectures, while enhancing performance for many applications. 

STENCIL COMPUTATIONS 
•  Hot spot in many scientific codes 
•  Appear in finite difference, element, and volume 

discretizations of PDEs 
•  E.g., 3D wave acoustic wave equation: 

DOWNLOAD THE SOFTWARE AT http://github.com/ecrc/girih 

PERFORMANCE RESULTS 8TH ORDER IN SPACE AND 2ND ORDER IN TIME – DOUBLE PRECISION 

MULTI-DIMENSIONAL INTRA-TILE PARALLELIZATION 

Thread assignment in space-time dimensions 
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SOFTWARE INFRASTRUCTURE 

Girih system components 

GIRIH 1.0.0 
•  MPI + OpenMP 
•  Single and double precision 
•  Autotuning 
•  Short and long stencil ranges in 

space and time 
•  Constant/variable coefficients 
•  LIKWID support for profiling 

CURRENT RESEARCH 
•  Matrix power kernels 
•  Overlapping domain decomposition 
•  GPU hardware accelerators: 

•  OpenACC / CUDA 
•  Out-of-core algorithms 
•  Dynamic runtime systems 
•  Extension to CFD applications 

Diamond tiling versus Spatial Blocking on SKL Diamond tiling performance across Intel x86 generations •  Domain size: 512 x 512 x 512 
•  # of time steps: 500 
•  25-point star stencil 
•  Dirichlet boundary conditions 
•  Two-socket systems (Mem./L3):  
- 8-core Intel SNB (64GB/20MB) 
- 16-core Intel HSW (128GB/40MB) 
- 28-core Intel SKL (256GB/38MB) 
•  Intel compiler suite v17 with 

AVX512 flag enabled 
•  Memory affinity with numatcl 

command 
•  Thread binding to cores with 

sched_affinity command 

https://github.com/ecrc

Employed in seismic 
forward modeling steps in 
Aramco’s next-gen seismic
inversion code
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GIRIH

Many	cores	learn	to	share!
Cooperation	is	good
For	limited	cache.

Tareq Malas
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Reservoir	Simulation	(from	Cray)
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Reservoir	Simulation	(from	Cray)
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Reservoir	Simulation	(from	Cray)
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Reservoir	Simulation	(from	Aramco)
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Reservoir	Simulation	(from	Aramco)
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Reservoir	Simulation	(from	Aramco)
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Reservoir	Simulation	(from	Aramco)
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Reservoir	Simulation	(from	KAUST)
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Reservoir	Simulation	(from	KAUST)
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Reservoir	Simulation	(from	“World	Oil”)
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Reservoir	Simulation	(from	“World	Oil”)
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Reservoir	Simulation	(from	“World	Oil”)
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Reservoir	Simulation	(from	“Saudi	Gazette”)
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Oil-Gas	Separation	(from	ANSYS)
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Oil-Gas	Separation	(from	ANSYS)
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Oil-Gas	Separation	(from	KAUST)
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Oil-Gas	Separation	(from	KAUST)
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KAUST	Supercomputing	Laboratory	
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Thanks	to	our	royal	falcon!
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Thanks	to	our	partner!


