A Deployment of HPC Algorithm into Pre/Post-Processing for Industrial CFD on K-computer
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1) Background and Motivation 2) Pre-processing Method y 4) Results and Discussion
Pre-/post- processing is still a major problem in industrial CFD analysis. * Topological-free geometric decomposition @~ Prli;forocessmg SRR /O performance.
* Pre-processing . The CAD geometry is discretized into cell-oriented values based on a N — 12
With the rapid development of POSt'pJOCESS'ng hierarchical Cartesian grid (BCM!*). An arb|trary boundary representation is 1000 - e E 10
computers, physical solvers are Spiutian] ] N used with a dummy cell technlque based on lmmersed boundary method § f \ \ 8 2 _
getting faster, while pre- still 1 preparation (IBM!>8]) It enables physical solver to handle ‘dlrty CAD without necessitating ;é 100 5 ___g;mzzzg oiMicels, Inode g .
remains slow because it is mainly  generation * any clean-up. The physical soIver sﬁhodldalso be carefully desrgned to achieve E ~—335Mfacets, 26 8Bcells Score | G
a serial process and it is less likely reasonable accuracy based on IBI\/I[78]orothermethOdS | i : " : - % -
of benefit from HPC technology. * Hybrid paraIIellzatlon """"""""" st e = 251 618
For example, right figure shows | _ _ The process is paralle \P1+OpenMP. The data exchange between ' ° M e 0 3R s File Size [GB]
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an example of breakdown of aerodynamics CFD (in hours). halo- reglon””:EE ucteda with mult-threa ca:;culatlon and communlcatlon In-situ visualization results in approx.
turn-around time in automobile overlapplng All of the f|Ie readlng/wrltlng process is parallelized with MPI-10. TN e ees Of entiricaieu ation:time,

No. of flow timesteps = 290,000

Entire calculation time = 75,743 (sec)
No. of in-situ frames = 2901

| In-situ calculation time = 21,782 (sec)

% File size of each image is just ~200KB:

" Comparlng to 2.1GB of solution data per

_,ﬁl’opologlcal -free geometric decomposition. \
Discretization of geometry (in parallel)

aerodynamics, where pre- accounts for 80% of total costlll. In the
field of aeronautics, because pre- is required at every iteration in the
design optimization cycle, processing speed up is hindered due to this
bottleneck no matter how fast a solver has been madel?l.

* Post-processing
Speed-up of visualization is insufficient compared to the rapidly
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increasing amount of data. For example, in typical industrial CFD _._gfo’zKranfZecteséf?ﬂiﬁféigfe

analysis, it is reported that the total amount of CFD data is increasing -~ Ideal

by a factor of 4 year by year®l. Now it is approaching Peta-Byte s s o - ) \>

order. A - Qf\\\\\\*_i
Meanwhile, the effective disk access speed of commodlty based " Mult-threac calculation & communication overwrapping. |

products is about 50 to 100 MB/s. Post will still be a bottleneck until {3 MPI border exchange ! I

the high-speed parallel file, visualization and, perhaps, network 7 1nner region exchange Z';“Z'[':]atéort‘(ao E[S])O[S] ‘e OZ[S]C e R G TP

systems become cheap enough t= %~ =ils - nnerreglon exchange T EeE _

5) Conclusion *

* Objective of this research

Schematic view of computational grid,

We develop a method that en- and decomposed domain color Thread 1 - Communicate on MP! border < overiap | * Pre-processing, which typically requires several days of human labor,
ables pre-/post- paraI:Ielrzatl on"' (partitioned by Z-order, ParMetis, etc.). Other threads: Calculate inner region halo exchange< has been reduced to the order of minutes.
\ All Thread : Unpack MPI data after arrived ) - ~ : :
* For a data size of ~2GB/frame, the post-processing time has been

using HPC techniques to har-
ness the power of modern

3) Post- processrng I\/Iethod [ | |
reduced to the order of several seconds. This results in an approx.

30% increase in computational time for a vehicle aerodynamics case.

We believe these are indispensable technologies towards the EXA
FLOPS CFD.

* In-situ visualization using libsim
The libsim (Vislt) library was used for in-situ visualization which requires
OSMesa (OpenGL on CPU) and VTK library. The data access is tlghtly coupled
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