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Computational Fluid Dynamics
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« Leadership-Class Supercomputing Facilities: Heterogeneous Computing
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Governing Equations
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Cartesian Meshes
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ﬁiﬁﬂféﬁ?ﬁﬁfa Discretization
8Q (CB, t) = {Discontinuous Galerkin}

Method

/Qk (%? a ﬁ-F)w(az)daf:o

R\Verk /Q %w(az)dw _ /Q (F- V) p(a)da + / (F* - ) 4p(a|r, )dT, = 0

Nodal Basis Functions Q
N
(z — &)
Es (33) - __]‘_,[7,é (fs I 5@) /\/

Lagrange Interpolating Polynomial i1 | i+
One-Dimensional




COLLEGE OF
ﬁ ENGINEERING &
APPLIED SCIENCE

UINIVERSITY or W/YOMING

[ MPI + X Programming Mode| ]
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MPI: coarse-grained parallelism  X: fine-grained parallelism
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[ A Unified API for programming devices ]
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- \ atopy 04 Nodes Total
WA 4 + 2IBM Power9 CPUs « 256 GPUs
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MIT Satori: CUDA-Aware MPI
Problem Size: 452,984,832 DOF.
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A ORNL Summit

4,608 Nodes Total
e 2 IBM Power9 CPUs ¢ 27,648 GPUs

« 6 NVIDIA Volta V100 = 200 PFLOPs Eum"-,'t

Summit Node

(2) IBM Power9 + (6) NVIDIA Volta V100

256 GB 256 GB
(DDR4) (DDR4)

4 135068 3 13508
CPUO CPU1

7 (28-31) 14 (56-59) | 22 (88-91) | [ 29 (116-119) | [ 36 (144-147) |

8 (32-35) 15 (60-63) | 23 (92-95) | [ 30 (120-123) | [ 37 (148-151) |

2(8-11) 9 (36-39) 16 (64-67) [ 24 (96-99) ] [ 31 (124-127) ] [ 38 (152-155) ]

64 GB/s

| |
| |
| |
3(1215 | [ 10(043) 17 (68-71) M [ 25(100-109) | [ 32(128131) | [ 39 (156-159) |
| |
| |
| |

4(16-19) 11 (44-47) 18 (72-75) [ 26 (104-107) | | 33 (132-135) | [ 40 (160-163) ]

5 (20-23) 12 (48-51) 19 (76-79) | 27 (108-111) | | 34 (136-139) | [ 41 (164-167) |

6 (24-27) 13 (52-55) 20 (80-83) | 28 (112-115) | | 35 (140-143) | [ 42 (168-171) |

16 GB 16 GB
(HBM2) (HBM2)
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Non-CUDA-Aware MP| Ky &K
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Results Future Work

.  Extend GPU implementation
DERCiEleg oge to Adaptive I\/Ielih Refinement
performance on GPUs on unstructured hex/quad
~30x speedup meshes

 Demonstrated 24-30% * Extend GPU implementation
| . to overset mesh capabilities
improvement using GPU- + 1 Trillion DOF Simulations

Direct MP|
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