
Finite Element Programming  
in C++ 

using OpenMP

Jörg Multhoff, RWTH Aac hen

OMPlab



Why C++ ?

�

 FORTRAN 77: was outda ted

� Fortran 90/ 95: not ava ilab le

� C: to low-level

� C++: initia lly used  as „ better C“
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Templa te Finite Element Lib ra ry (TFEL)
t empl at e<i nt  Nodes,  i nt  Di m> cl ass Shape_base;
t empl at e<i nt  Nodes> c l ass Shape_base<Nodes, 1>;
t empl at e<i nt  Nodes> c l ass Shape_base<Nodes, 2>;
t empl at e<i nt  Nodes> c l ass Shape_base<Nodes, 3>;

t empl at e<i nt  Nodes> c l ass Hexa_base :  publ i c  Shape_base<Nodes, 3>

t empl at e<i nt  Nodes> c l ass Hexa;
t empl at e<> cl ass Hexa<8> :  publ i c  Hexa_base<8>;

t empl at e<cl ass Base> cl ass Shape :  publ i c Base;

t empl at e<cl ass Shape,  c l ass Ker nel > c l ass MechEngi ne;

t empl at e<cl ass Shape,  i nt  Di m=Shape: : Di m> cl ass MechKer nel ;
t empl at e<cl ass Shape> c l ass MechKer nel <Shape, 1>;
t empl at e<cl ass Shape> c l ass MechKer nel <Shape, 2>;
t empl at e<cl ass Shape> c l ass MechKer nel <Shape, 3>;

t empl at e<cl ass Shape,  c l ass Ker nel =MechKer nel <Shape> > c l ass MechEngi ne;

t empl at e<i nt  El emType,  cl ass Engi ne> cl ass El ement  :  publ i c FEel em;

t ypedef  Shape<Hexa<8> >  Hexa8;
t ypedef  El ement < 368,  MechEngi ne< Hexa8 > > El em368;



Why HPC ?

n 2D 3D
10 1.0E+2 1.0E+3
100 1.0E+4 1.0E+6

1000 1.0E+6 1.0E+9



Element-by-Element (EBE)



Using OpenMP
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Conflic t Resolution



Seria l Op timiza tion



Example # 1
nproc

Runtime Speedup Efficiency

build solve total build solve total build solve total

1 16.9 170.0 03:12.77 1 1 1 100.0% 100.0% 100.0%

2 9.6 93.0 01:47.82 1.75 1.83 1.79 87.7% 91.4% 89.4%

4 5.6 50.0 01:01.29 3 3.4 3.15 75.0% 85.0% 78.6%

8 5.1 26.0 00:35.87 3.32 6.54 5.37 41.5% 81.7% 67.2%

12 5.7 18.0 00:29.28 2.98 9.44 6.58 24.8% 78.7% 54.9%

16 5.8 14.0 00:25.19 2.91 12.14 7.65 18.2% 75.9% 47.8%

20 5.9 12.0 00:23.21 2.87 14.17 8.31 14.4% 70.8% 41.5%

24 5.8 11.0 00:21.67 2.89 15.45 8.9 12.0% 64.4% 37.1%
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nproc
Runtime Speedup Efficiency

build solve total build solve total build solve total

1 61.7 502.6 09:27.97 1 1 1 100.0% 100.0% 100.0%

2 32.7 258.4 04:54.26 1.89 1.94 1.93 94.3% 97.2% 96.5%

4 17.2 133.5 02:32.83 3.59 3.77 3.72 89.8% 94.1% 92.9%

8 9.8 72.8 01:25.00 6.3 6.9 6.68 78.7% 86.3% 83.5%

16 7.0 43.0 00:52.35 8.8 11.68 10.85 55.0% 73.0% 67.8%

20 7.3 36.8 00:46.23 8.44 13.67 12.29 42.2% 68.3% 61.4%
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Examp le # 2



# Threads: 2 (Nonlinear Case w/  3 Substeps)



160.000 Equa tions - 8 Threads



# Threads: 1,2,4,8



Sun Fire 6800



# Threads: 2



# Threads: 8



# Threads: 16



# Threads: 24



Sun Fire 15k



# Threads: 1
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# Threads: 4



# Threads: 8



# Threads: 16



# Threads: 22



# Threads: 24


