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Nonuniform Meshes UNIVERSITY
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https://github.com/jsitaraman/tioga

(b) Receptor Points (solution interpolated) (¢} Hole Points {no solution)
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NSU3D: RANS/DDES DG4EST: LES

Unstructured Mixed Element Meshes Structured/Unstructured Hex Meshes

Vertex-centered Finite Volume Method Dynamic Adaptive Mesh Refinement

Implicit Time Stepping Discontinuous Galerkin Method
Explicit Time Stepping




S-76 Rotor Wake UNIVERSITY
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S-76 Rotor-Revolution 18
Wake3D: Discontinuous Galerkin P2-P5

Pseudocolor
DB: iso_qcriterion=0.001_0010.silo
Cycle: 10 Time:10
Var: vm
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S-76 Rotor Wake UNIVERSITY
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S-76 Rotor-Revolution 18
Wake3D: Discontinuous Galerkin P2-P5

Pseudocolor
DB: iso_qgcriterion=0.001_0010.silo
Cycle: 10 Time:10

Var: vm 2
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Variable Size Data Storage in p4est
1. Store address and size of mem buffer
2. Perform custom repartitioning transfer
following p4est_transfer fixed algorithm

NASA Cdmmoh Research Model
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MPI_Cart_shitt: CPU Scaling UNIVERSITY

@=® One MPI Rank Per Core
5 #—h Two MPI Ranks Per Core
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10° (n,0,0)

8,192 16,384 32,768 65,536 131,072 262,144 524,288
Number of Cores

[Strong Scaling on ALCF Mira ]

- Taylor-Green Vortex
* Fully periodic
* Mesh: 512 x 512 x 512
* Fifth order: p =4
* 16.8 Billion DOFs
83.9 Billion unknowns
* 2 MPI ranks per core
64% faster
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Hands On Exercise #1: MPI Cart shift

Copy Problem Code

>> /jet/home/akirby/IHPCSS2023-mpi
>> c¢d IHPCSS2023-mpi/stencil

Compiling
>> . /interactive.sh
>> make

Executing
>> ./run8.sh
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0 1 2 3
00 | O | ©2) | 03)
4 D 6 7
(L0 | @y | (1L2) | (13)
3 9 10 11
20 | @n | 22) | @23
12 13 14 L
30 | B | B2 | (33)

display WRK/8/output-0.bmp




Hands On Exercise #1: MPI Cart shift

Copy Problem Code

>> /jet/home/akirby/IHPCSS2023-mpi
>> c¢d IHPCSS2023-mpi/stencil

Compiling
>> . /interactive.sh
>> make

Executing
>> ./run8.sh
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0 1 2 3
00 | O | ©2) | 03)
4 D 6 7
(L0 | @y | (1L2) | (13)
3 9 10 11
20 | @n | 22) | @23
12 13 14 L
30 | B | B2 | (33)

display output-2000.bmp




Hands On Exercise #1: MPI Cart shift

Copy Problem Code

>> /jet/home/akirby/IHPCSS2023-mpi
>> c¢d IHPCSS2023-mpi/stencil

Compiling
>> . /interactive.sh
>> make

Executing
>> ./run8.sh
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0 1 2 3
00 | O | ©2) | 03)
4 D 6 7
(L0 | @y | (1L2) | (13)
3 9 10 11
20 | @n | 22) | @23
12 13 14 L
30 | B | B2 | (33)

display output-4000.bmp




Hands On Exercise #1: MPI Cart shift

Copy Problem Code

>> /jet/home/akirby/IHPCSS2023-mpi
>> c¢d IHPCSS2023-mpi/stencil

Compiling
>> . /interactive.sh
>> make

Executing
>> ./run8.sh
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0 1 2 3
00 | O | ©2) | 03)
4 D 6 7
(L0 | @y | (1L2) | (13)
3 9 10 11
20 | @n | 22) | @23
12 13 14 L
30 | B | B2 | (33)

display output-6000.bmp




Hands On Exercise #1: MPI Cart shift

Copy Problem Code

>> /jet/home/akirby/IHPCSS2023-mpi
>> c¢d IHPCSS2023-mpi/stencil

Compiling
>> . /interactive.sh
>> make

Executing
>> ./run8.sh
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0 1 2 3
00 | O | ©2) | 03)
4 D 6 7
(L0 | @y | (1L2) | (13)
3 9 10 11
20 | @n | 22) | @23
12 13 14 L
30 | B | B2 | (33)

display output-8000.bmp




Hands on Exercise #2

Part 1 - MPl Graph create
Part 2 - MPI_Neighbor_alltoall




Hands on Exercise #2: MPl Graph create
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Goal: Replace MPI_Cart_shift 3 ] N
- MP1_Graph_create ©0) [ o1 | ©» | ©3)

4 5 6 | 7
(1,0) (1,1) (1,2) (1,3)

Part 1: Build the graph! 3 o | 10 | 11
(2,0) (2,1) (2,2) (2,3)

12 [ 13114 |15
(3,0) (3,1) (3,2) (3,3)

See example graph code in
directory:

OOROR0
OSOROR0

stencil/graph-neighbor/graph-
examples




Hands on Exercise #3: MPl _Neighbor alltoall

Goal: Replace MPI_Isend/Irecv
- MPI_Neighbor_alltoall

Part 2: Replace the communication!

ORORORO

See example graph code in
directory:
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0 1 2 3
00 | O | ©2) | 03)
4 S 6 7
(L0 | @y | (1L2) | (13)
3 9 10 11
20 | @n | 22) | @23
12 13 14 15
30 | B | B2 | (33)

stencil/graph-neighbor/graph-

OROROR0

examples




