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Hybrid Parallel / Vector

= Fortran90 C
= Inter-node : MPI
a SPMD Single-Program Multiple-
Data
= Intra-node : OpenMP Pthread
d
Q OpenMP

= Each PE Vectorization
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SPMD Programming Style

= Large file handling - Local distributed data

= Structural analysis modules just consider local
operation (element matrix assemble)

= Global operation occurs only in linear solver.
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Local Data Structure

Node-based Partitioning
Internal nodes - elements - external nodes
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Local Data Structure : PE#O

Internal nodes - elements - external nodes
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Partitioned nodes themselves
Internal nodes

Elements which include “internal nodes”
Provide data locality in order to carry
out element-by-element operation in
each partition

Nodes included in the elements
external nodes
Numbering : internal -> external

Internal nodes which are “external nodes”
for other partitions
boundary nodes

Communication table provides boundary~external node relationship
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HEC-MW

program sample_main

use hecmw hecmw “USE”
Implicit none |
type (hecmwST _local _mesh) :: hecMESH hecmw
type (hecmwST_matrix ) :: hecMAT

character(len=HECMW _ FILENAME_LEN) :: name_ID

hecmw

call hecmw _init
call hecmw_get _mesh(name_ID, hecMESH)

...... FE algorithm

call hecmw_solve 33 (hecMESH, hecMAT)
call hecmw _finalize SPMD

end program sample_main
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Revolutionary Simulation Software
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FEM applications developed on PC
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. ' NASTRAN, Abaqus, ADVC, FINAS/STAR, ASU/P-form










Refinement

GMG




. MW

MW Matrix Add( StiffMat, node i, dof i, node j, dof j, val )

node | dof | node j dof j
val

o API

= MW Elem dNdx1 on pt
= MW Matrix Add Elem
= MW Compress Matrix
= MW Value Extrapolation




= Updated Lagrangian
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Performance (MFlop/s)
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Hardware test-bed

« Nehalem
« Core2 Quad
« Core2 Duo

‘. GeForce 280GTX

o« GeForce 295GTX
GPU : < . GeForce 8800GTX
o GeForce 9800GTX+

N\
Intel Quad
Q9450 1200W
2.66GHz PSU

3x Geforce GTX 8GB
280 GPU DDR3



Test matrices in the categoruy
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Test matrices

Matrices from U. of Florida Sparse Matrix Collection [1]
Divided into groups
— Small: less than 10° non-zeros
— Medium: 10° - 107 non-zeros

— Large: more than 107 non-zeros
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Number of rows (logl0)

Rows

Test matrices in the category
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Test matrices in the categoruy
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0 1 2 3 45 8 7 8 9101112
Matrix half-bandwidth {(log10)

¢ 1 2 3 45 6 7 & 9 1011 12
Number of nonzeros {loglQ)

Non-zeros Half-bandwidth

[1] Tim Davis, www.cise.ufl.edu/research/sparse/matrices/



Actual problems

V6 engine Motorcycle frame 3D Poisson
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Test matrices, solvers

GPU vs Nehalem : GPU vs Core2Quad
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FEM case 1

V6 engine
Order: 204,000x204,000
Non-zeros: 15,621,894

Requires approx. 200MB to solve

Condition number (after Jacobi): O(10°%)

GPU=280GTX

FrontSTR on CPU

29.1s (732 it)

44

+ Jacobi

34.9s (1839 it)

FrontSTR + CUKr on GPU
(double precision)

4.3s (1830 it)

FrontSTR + CUKr on GPU
(iterative refinement)

3.5s (8:2884 it)




FEM case 2

 Motorcycle frame

 Order: 1,552,170x1,552,170

e Non-zeros: 109,522,566
 Requires approx. 1.3GB to solve
e Condition number (after Jacobi): O(107)

« 10x speedup on an iteration by iteration
basis, but could not converge because
of lack of good preconditioner
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CFD test case

« 3D Poisson with N=250 / dim
 Order: 15,625,000 x 15,625,000
* Non-zeros: 109,249,498
 Requires approx. 2.2GB
e Condition number: O(10°)

— Depends on level of refinement

Performance

GPU=3x280GTX (GFlop/s)

CUKr on CPU 0.9 (1139 1)

CUKr on GPU
(double precision)

CUKr on GPU
(iterative refinement)

14.3 29.7 (1139 it)

12.9 58.1 (10:2021 it)
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Updated Lagrangian
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NASTRAN, Abaqus, ADVC, FINAS/STAR
ASU/P-form T
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- FrontISTR
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HEC-MW FrontISTR
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B.
FrontISTR

Total Lagrange

, Updated Lagrange







