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Generate FEM code to run on various architectures:
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Ω
∇u · ∇vdx =

∫
Ω
fvdx

Brian Brennan An Embedded Language for Vector Operations in OpenCL



Introduction
Current Work
Future Work
Conclusion

Goal

Generate FEM code to run on various architectures:∫
Ω
∇u · ∇vdx =

∫
Ω
fvdx

Brian Brennan An Embedded Language for Vector Operations in OpenCL



Introduction
Current Work
Future Work
Conclusion

Goal

Generate FEM code to run on various architectures:∫
Ω
∇u · ∇vdx =

∫
Ω
fvdx

Brian Brennan An Embedded Language for Vector Operations in OpenCL



Introduction
Current Work
Future Work
Conclusion

Architectures

Multicore CPU
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Motivation

Why are we interested in GPU computing?

Pros:

Very Fast

Inexpensive

Many Simple Cores

Cons:

Di�cult to Program

Architecture Speci�c

Communication with CPU

is Costly

Brian Brennan An Embedded Language for Vector Operations in OpenCL



Introduction
Current Work
Future Work
Conclusion

Motivation

Why are we interested in GPU computing?

Pros:

Very Fast

Inexpensive

Many Simple Cores

Cons:

Di�cult to Program

Architecture Speci�c

Communication with CPU

is Costly

Brian Brennan An Embedded Language for Vector Operations in OpenCL



Introduction
Current Work
Future Work
Conclusion

Motivation

Why are we interested in GPU computing?

Pros:

Very Fast

Inexpensive

Many Simple Cores

Cons:

Di�cult to Program

Architecture Speci�c

Communication with CPU

is Costly

Brian Brennan An Embedded Language for Vector Operations in OpenCL



Introduction
Current Work
Future Work
Conclusion

Where to Begin?

Back to the basics!

y = a * (b - c) - d**2
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PyOpenCL

What does PyOpenCL have to o�er?

PyOpenCL = Python + OpenCL

Python

Easy to program

Essential packages such as

NumPy, SciPy, PyTrilinos,

and many more

OpenCL

General purpose parallel

programming

Vendor-neutral
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PyOpenCL Example

1 a = numpy . random . rand (50000) . a s t ype (numpy . f l o a t 3 2 )
b = numpy . random . rand (50000) . a s t ype (numpy . f l o a t 3 2 )

3
c t x = c l . create_some_context ( )

5 queue = c l . CommandQueue( c t x )
a_dev = c l_a r r a y . to_dev i ce ( queue , a )

7 b_dev = c l_a r r a y . to_dev i ce ( queue , b )
dest_dev = c l_a r r a y . empty_l ike ( a_dev )

9
prg = c l . Program ( ctx , """

11 __kernel v o i d sum(__global con s t f l o a t ∗a ,
__global con s t f l o a t ∗b , __global f l o a t ∗c )

13 {
i n t g i d = get_g loba l_ id (0 ) ;

15 c [ g i d ] = a [ g i d ] + b [ g i d ] ;
}

17 """ ) . b u i l d ( )

19 prg . sum( queue , a . shape , None , a_dev . data , b_dev . data , dest_dev . data )

arraysum.py
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Code Generation

We want all the ease of NumPy with the e�ciency of PyOpenCL

y = a + b - 5.0*c - d**2

1 prg = c l . Program ( ctx , """
__kernel v o i d sum(__global con s t f l o a t ∗a ,

3 __global con s t f l o a t ∗b , __global con s t f l o a t ∗c
__global con s t f l o a t ∗d , __global f l o a t ∗y )

5 {
i n t g i d = get_g loba l_ id (0 ) ;

7 y [ g i d ] = a [ g i d ] + b [ g i d ] − 5.0∗ c [ g i d ] − d [ g i d ]∗ d [ g i d ] ;
}

9 """ ) . b u i l d ( )

kernel.py
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Main

1 i f __name__ == "__main__" :
c t x = c l . create_some_context ( )

3 queue = c l . CommandQueue( c t x )

5 # d e c l a r e random numpy a r r a y s he r e #

7 y_dev = c l_a r r a y . to_dev i ce ( queue , a )
a_dev = c l_a r r a y . to_dev i ce ( queue , a )

9 b_dev = c l_a r r a y . to_dev i ce ( queue , b )
c_dev = c l_a r r a y . to_dev i ce ( queue , c )

11 D_dev = c l_a r r a y . to_dev i ce ( queue , c )
Y = Vec ( "y_dev" )

13 A = Vec ( "a_dev" )
B = Vec ( "b_dev" )

15 C = Vec ( "c_dev" )
D = Vec ( "d_dev" )

17
k e r n e l = a s s i g nVe c t o r (Y, A + B − 5.0∗C − D∗D)

19
prg = c l . Program ( ctx , k e r n e l ) . b u i l d ( )

21 prg . op ( queue , a . shape , None , y_dev . data , a_dev . data , b_dev . data ,
c_dev . data , d_dev . data )

mymain.py
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Loop Kernel Output

__kernel v o i d op ( __global f l o a t ∗y_dev ,
2 __global con s t f l o a t ∗a_dev , __global con s t f l o a t ∗b_dev ,

__global con s t f l o a t ∗c_dev , __global con s t f l o a t ∗d_dev )
4 {

i n t g i d = get_g loba l_ id (0 ) ;
6 y [ g i d ] = a [ g i d ] + b [ g i d ] − 5.0∗ c [ g i d ] − d [ g i d ]∗ d [ g i d ] ;

}

mykernel.py
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GPU vs. CPU Results

Figure: Ratio of CPU run times / GPU run times for 1, 2, 3, 4 basic
vector operations.
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Loopy

∫
Ω
∇u · ∇vdx =

∫
Ω
fvdx

f o r c i n range ( num_cel l s ) :
2 f o r i i n range (num_bf ) :

f o r j i n range (num_bf ) :
4 K_loc [ c , i , j ] = 0 .0

f o r k i n range (num_qp) :
6 K_loc [ c , i , j ] += jacs_det [ c ] ∗ qwts [ k ] \

∗ ( ( j a c s_ inv [ c , 0 , 0 ] ∗ bgrads [ i , k , 0 ] + j a c s_ inv [ c , 1 , 0 ] ∗
bgrads [ i , k , 1 ] ) \

8 ∗ ( j a c s_ inv [ c , 0 , 0 ] ∗ bgrads [ j , k , 0 ] + j a c s_ inv [ c , 1 , 0 ] ∗ bgrads [
j , k , 1 ] ) \

+ ( j a c s_ inv [ c , 0 , 1 ] ∗ bgrads [ i , k , 0 ] + j a c s_ inv [ c , 1 , 1 ] ∗ bgrads [
i , k , 1 ] ) \

10 ∗ ( j a c s_ inv [ c , 0 , 1 ] ∗ bgrads [ j , k , 0 ] + j a c s_ inv [ c , 1 , 1 ] ∗ bgrads [
j , k , 1 ] ) )

poissonloop.py

Brian Brennan An Embedded Language for Vector Operations in OpenCL



Introduction
Current Work
Future Work
Conclusion

1 f o r c i n range ( num_cel l s ) :
f o r i i n range (num_bf ) :

3 f o r j i n range (num_bf ) :
K_loc [ c , i , j ] = 0 .0

5 f o r k i n range (num_qp) :
K_loc [ c , i , j ] += jacs_det [ c ] ∗ qwts [ k ] \

7 ∗ ( ( j a c s_ inv [ c , 0 , 0 ] ∗ bgrads [ i , k , 0 ] + j a c s_ inv [ c , 1 , 0 ] ∗
bgrads [ i , k , 1 ] ) \

∗ ( j a c s_ inv [ c , 0 , 0 ] ∗ bgrads [ j , k , 0 ] + j a c s_ inv [ c , 1 , 0 ] ∗ bgrads [
j , k , 1 ] ) \

9 + ( j a c s_ inv [ c , 0 , 1 ] ∗ bgrads [ i , k , 0 ] + j a c s_ inv [ c , 1 , 1 ] ∗ bgrads [
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In a Galaxy Far Far Away

Expand to large scale software packages:
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Trilinos: Sundance Example

1 // c r e a t e s ymbo l i c o b j e c t s f o r t e s t and unknown f u n c t i o n s
Expr v = new Tes tFunc t i on ( new Lagrange (2 ) ) ;

3 Expr u = new UnknownFunction ( new Lagrange (2 ) ) ;

5 // c r e a t e s ymbo l i c d i f f e r e n t i a l o p e r a t o r s
Expr dx = new De r i v a t i v e (0 , 1 ) ;

7 Expr dy = new De r i v a t i v e (1 , 1 ) ;
Expr grad = L i s t ( dx , dy ) ;

9
// Write s ymbo l i c weak equa t i on and Neumann and Robin BCs

11 Expr p o i s s o n = I n t e g r a l (−( grad∗v ) ∗( grad∗u )−f ∗v , new GaussQuadrature (2 ) )
+ I n t e g r a l ( top , v /3 . 0 ) + I n t e g r a l ( r i g h t , v∗( r ightBCExpr − u ) ) ;

13

15 // Write e s s e n t i a l BCs :
// Bottom : u=x^2

17 Es s en t i a lBC bc = Es s en t i a lBC ( bottom , v∗(u − 0.5∗ x∗x ) , new
GaussQuadrature (4 ) ) ;

19 // Assemble e v e r y t h i n g i n t o a problem ob j e c t , w i th a s p e c i f i c a t i o n tha t
// Pet ra be used as the low− l e v e l l i n e a r a l g e b r a r e p r e s e n t a t i o n

21 S t a t i c L i n e a rP r ob l em prob (mesh , po i s son , bc , v , u , p e t r a ) ;

heat2d.cpp
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Questions
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Thank you!

Dr. Andreas Klöeckner

Dr. Robert Kirby

Simula
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