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Agenda

• Speeding up wakefields

• Interfacing pyheadtail with sixtracklib
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Wakefields

• Port wakefields to the GPU

• Machine configurations
• Machine: Proton Synchrotron (PS)
• Machine model: linear betatron tracking + nonlinear

longitudinal tracking + wakefield
• Number of Macro-particles = 106

• Number of Slices = 104

• Number of Segments = 1
• Number of Turns = 104
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Simulation Cases: Profiling and Analyses

• Run different simulation cases

• profiling tools: cProfile and nvprof

• find bottlenecks

• port wakefields to GPU
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Simulation Cases

1. Run master branch (recent as of Jan 26)master branch as is

2. Simulation Without Wakefield

3. Wakefield without convolution

4. Wakefield on GPU I: FFT and Inverse FFT

5. Wakefield on GPU II: Regular Convolution on the GPU + one
time slicing
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cProfile Results
• Running the master branch

ncalls(sec) cumulative time(sec) filename:lineno(function)

10000 99.203 wakes.py:119(track)
2070033 25.309 gpuarray.py:162( init )

20000 6.518 gpu wrap.py:780(convolve)

Table: cProfile Log

• Wakefield on GPU II: Regular Convolution on the GPU + one
time slicing

ncalls(sec) cumulative time(sec) filename:lineno(function)

10000 78.637 wakes.py:119(track)
2070033 20.504 gpuarray.py:162( init )

20000 1.150 gpu wrap.py:780(convolve)

Table: cProfile Log
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Comparison at a glance
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Bridging sixtracklib with pyheadtail

• Recap: Speed up wakefields by porting to the GPU

• Next: Non-linear longitudinal tracking (sixTrackLib) +
collective effects (PyHEADTAIL)
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Overall framework

Figure: PyHEADTAIL-SixTrackLib bridge
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Cases to consider

• CASE 1: PyHEADTAIL particle on the CPU
• Steps on CPU
• Steps on GPU

• CASE 2: PyHEADTAIL particle on the GPU
• Steps on CPU
• Steps on GPU
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PyHEADTAIL Particles on the CPU

• steps on CPU (C interface)

• steps on GPU (in SixTrackLib)
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PyHEADTAIL Particle on the CPU
STEPS on CPU

• Steps 1-4 occur in
rdemaria/sixtracklib gsoc18/tree/master/studies/study10

1. Create st Blocks* particles buffer

2. st Particles* particles = st Blocks add particles( Set
particles→ x , particles→ px ,etc)

3. call st Blocks serialize.

4. Call ”st Track particles on cuda” passing particles buffer
which is on the CPU.

1 b o o l h o s t NS( T r a c k p a r t i c l e s o n c u d a ) (
2 i n t c o n s t n u m o f b l o c k s ,
3 i n t c o n s t n u m t h r e a d s p e r b l o c k ,
4 SIXTRL UINT64 T c o n s t n u m o f t u r n s , NS( B l o c k s )∗ SIXTRL RESTRICT

p a r t i c l e s b u f f e r ,
5 NS( B l o c k s )∗ SIXTRL RESTRICT beam elements ,
6 NS( B l o c k s )∗ SIXTRL RESTRICT e l e m b y e l e m b u f f e r )
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PyHEADTAIL Particle on the CPU
STEPS on GPU

• These steps occur in SixTrackLib

1. Transfer contents from structured particles buffer to the host
buffer.

1 h o s t p a r t i c l e s d a t a b u f f e r = NS( B l o c k s g e t d a t a b e g i n ) ( p a r t i c l e s b u f f e r
)

2. The cuda buffer is created on the GPU and the contents of
the host buffer are transferred to this cuda buffer.

1 cudaMal loc ( ( v o i d∗∗ )&c u d a p a r t i c l e s d a t a b u f f e r , p a r t i c l e s b u f f e r s i z e )
;

2 cudaMemcpy ( c u d a p a r t i c l e s d a t a b u f f e r , h o s t p a r t i c l e s d a t a b u f f e r ,
p a r t i c l e s b u f f e r s i z e , cudaMemcpyHostToDevice ) ;

3. Memory is remapped to make a structure out of the device
buffer.

1 T r a c k r e m a p s e r i a l i z e d b l o c k s b u f f e r <<< n u m o f b l o c k s ,
n u m t h r e a d s p e r b l o c k >>>
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PyHEADTAIL Particle on the CPU
STEPS on GPU(continued)

4. The drift is computed.

1 T r a c k p a r t i c l e s k e r n e l c u d a <<< n u m o f b l o c k s , n u m t h r e a d s p e r b l o c k >>>(
n u m o f t u r n s , c u d a p a r t i c l e s d a t a b u f f e r ,
c u d a b e a m e l e m e n t s d a t a b u f f e r , c u d a e l e m b y e l e m d a t a b u f f e r ,
c u d a s u c c e s s f l a g ) ;

5. The buffer contents now on the cuda buffer are copied back
into the host buffer.

1 cudaMemcpy ( h o s t p a r t i c l e s d a t a b u f f e r , c u d a p a r t i c l e s d a t a b u f f e r ,
p a r t i c l e s b u f f e r s i z e , cudaMemcpyDeviceToHost ) ;

6. The contents of this buffer are unserialized on the GPU.
1 NS( B l o c k s u n s e r i a l i z e ) ( p a r t i c l e s b u f f e r , h o s t p a r t i c l e s d a t a b u f f e r )
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PyHEADTAIL Particles on the GPU

• steps on CPU (C interface)

• steps on GPU (in SixTrackLib)
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PyHEADTAIL Particle on the GPU
STEPS on CPU

1. Create st Blocks* particles buffer

2. st Particles* particles = st Blocks add particles( Set
particles→ x , particles→ px ,etc)

3. Call st Blocks serialize.

4. Call ”st Track particles on cuda” passing particles buffer
which is on the CPU. We note line 7 is the extra parameter
(which is different from the CPU particle case)

1 b o o l h o s t NS( T r a c k p a r t i c l e s o n c u d a ) (
2 i n t c o n s t n u m o f b l o c k s ,
3 i n t c o n s t n u m t h r e a d s p e r b l o c k ,
4 SIXTRL UINT64 T c o n s t n u m o f t u r n s , NS( B l o c k s )∗ SIXTRL RESTRICT

p a r t i c l e s b u f f e r ,
5 NS( B l o c k s )∗ SIXTRL RESTRICT beam elements ,
6 NS( B l o c k s )∗ SIXTRL RESTRICT e l e m b y e l e m b u f f e r ) ,
7 d o u b l e∗ p y h e a d t a i l p t r [ ]

17 / 23



Agenda Wakefields Bridging sixtracklib with pyheadtail

PyHEADTAIL Particle on the GPU
STEPS on GPU

1. Transfer contents from structured particles buffer to the host
buffer.

1 h o s t p a r t i c l e s d a t a b u f f e r = NS( B l o c k s g e t d a t a b e g i n ) ( p a r t i c l e s b u f f e r
)

2. The cuda buffer is created on the GPU and the contents of
the host buffer are transferred to this cuda buffer.

1 cudaMal loc ( ( v o i d∗∗ )&c u d a p a r t i c l e s d a t a b u f f e r , p a r t i c l e s b u f f e r s i z e )
;

2 cudaMemcpy ( c u d a p a r t i c l e s d a t a b u f f e r , h o s t p a r t i c l e s d a t a b u f f e r ,
p a r t i c l e s b u f f e r s i z e , cudaMemcpyHostToDevice ) ;

3. Memory is remapped to make a structure out of the device
buffer.

1 T r a c k r e m a p s e r i a l i z e d b l o c k s b u f f e r <<< n u m o f b l o c k s ,
n u m t h r e a d s p e r b l o c k >>>
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PyHEADTAIL Particle on the CPU
STEPS on GPU(continued)

4. The particle buffer on the gpu is copied form from pyheadtail
to sixtracklib buffer

1 C o p y b u f f e r p y h e a d t a i l s i x t r a c k l i b <<<n u m o f b l o c k s , n u m t h r e a d s p e r b l o c k
>>>(c u d a p a r t i c l e s d a t a b u f f e r , p y h e a d t a i l p t r , c u d a s u c c e s s f l a g )

5. The drift is computed.

1 T r a c k p a r t i c l e s k e r n e l c u d a <<< n u m o f b l o c k s , n u m t h r e a d s p e r b l o c k >>>(
n u m o f t u r n s , c u d a p a r t i c l e s d a t a b u f f e r ,
c u d a b e a m e l e m e n t s d a t a b u f f e r , c u d a e l e m b y e l e m d a t a b u f f e r ,
c u d a s u c c e s s f l a g ) ;

6. The particle buffer is copied from sixtracklib buffer on gpu to
pyheadtail buffer on gpu

1 C o p y b u f f e r s i x t r a c k l i b p y h e a d t a i l <<<n u m o f b l o c k s , n u m t h r e a d s p e r b l o c k
>>>(c u d a p a r t i c l e s d a t a b u f f e r , p y h e a d t a i l p t r , c u d a s u c c e s s f l a g )
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Copy Kernels

• Copy buffer pyheadtail sixtracklib

1 g l o b a l v o i d C o p y b u f f e r p y h e a d t a i l s i x t r a c k l i b (
2 u n s i g n e d c h a r∗ r e s t r i c t p a r t i c l e s d a t a b u f f e r ,
3 d o u b l e∗ r e s t r i c t p y p a r t i c l e s b u f f e r [ ] ,
4 i n t 6 4 t∗ r e s t r i c t p t r s u c c e s s f l a g
5 ){
6 NS( B l o c k s ) p a r t i c l e s b u f f e r ;
7 NS( B l o c k s p r e s e t ) ( &p a r t i c l e s b u f f e r ) ;
8 NS( B l o c k s u n s e r i a l i z e w i t h o u t r e m a p p i n g ) ( &p a r t i c l e s b u f f e r ,

p a r t i c l e s d a t a b u f f e r ) ;
9

10 NS( B l o c k I n f o )∗ p t r i n f o = NS( B l o c k s g e t b l o c k i n f o s b e g i n ) ( &
p a r t i c l e s b u f f e r ) ;

11 NS( P a r t i c l e s )∗ p a r t i c l e s = NS( B l o c k s g e t p a r t i c l e s ) ( p t r i n f o ) ;
12 s i z e t n u m o f p a r t i c l e s = NS( P a r t i c l e s g e t n u m p a r t i c l e s ) (

p a r t i c l e s ) ;
13
14 memcpy ( NS( P a r t i c l e s g e t x ) ( p a r t i c l e s ) ,
15 p y p a r t i c l e s b u f f e r [ 0 ] ,
16 n u m o f p a r t i c l e s ∗ s i z e o f ( d o u b l e )
17 ) ;
18 memcpy ( NS( P a r t i c l e s g e t p x ) ( p a r t i c l e s ) ,
19 p y p a r t i c l e s b u f f e r [ 1 ] ,
20 n u m o f p a r t i c l e s ∗ s i z e o f ( d o u b l e ) ) ;
21 }
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Copy Kernels(continued)

• Copy buffer sixtracklib pyheadtail

1 g l o b a l v o i d C o p y b u f f e r s i x t r a c k l i b p y h e a d t a i l (
2 u n s i g n e d c h a r∗ r e s t r i c t p a r t i c l e s d a t a b u f f e r ,
3 d o u b l e∗ r e s t r i c t p y p a r t i c l e s b u f f e r [ ] ,
4 i n t 6 4 t∗ r e s t r i c t p t r s u c c e s s f l a g
5 ){
6 NS( B l o c k s ) p a r t i c l e s b u f f e r ;
7 NS( B l o c k s p r e s e t ) ( &p a r t i c l e s b u f f e r ) ;
8 NS( B l o c k s u n s e r i a l i z e w i t h o u t r e m a p p i n g ) ( &p a r t i c l e s b u f f e r ,

p a r t i c l e s d a t a b u f f e r ) ;
9

10 NS( B l o c k I n f o )∗ p t r i n f o = NS( B l o c k s g e t b l o c k i n f o s b e g i n ) ( &
p a r t i c l e s b u f f e r ) ;

11 NS( P a r t i c l e s )∗ p a r t i c l e s = NS( B l o c k s g e t p a r t i c l e s ) ( p t r i n f o ) ;
12 s i z e t n u m o f p a r t i c l e s = NS( P a r t i c l e s g e t n u m p a r t i c l e s ) (

p a r t i c l e s ) ;
13 memcpy ( p y p a r t i c l e s b u f f e r [ 0 ] , NS( P a r t i c l e s g e t c o n s t x ) (

p a r t i c l e s ) ,
14 n u m o f p a r t i c l e s ∗ s i z e o f ( d o u b l e )
15 ) ;
16 memcpy ( p y p a r t i c l e s b u f f e r [ 1 ] , NS( P a r t i c l e s g e t c o n s t p x ) (

p a r t i c l e s ) ,
17 n u m o f p a r t i c l e s ∗ s i z e o f ( d o u b l e )
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PyHEADTAIL particle structure

• instead of passing a pointer to a double* array containing
particle information from pyheadtail, create a
”pyheadtail particle” structure and pass a pointer to it.

• sixtracklib/common/pyheadtail particles.h
1 s t r u c t P a r t i c l e D a t a ;
2 t y p e d e f s t r u c t P a r t i c l e D a t a{
3 i n t n p a r t ;
4 d o u b l e ∗x ;
5 d o u b l e ∗xp ;
6 d o u b l e ∗y ;
7 d o u b l e ∗yp ;
8 } P a r t i c l e D a t a ;
9

• The python ctypes equivalent (to be passed to sixtracklib)
1 c l a s s P a r t i c l e D a t a C t y p e s ( c t y p e s . S t r u c t u r e ) :
2 f i e l d s = [ ( ” n p a r t ” , c i n t ) ,
3 ( ” x ” , POINTER( c d o u b l e ) ) ,
4 ( ” xp ” , POINTER( c d o u b l e ) ) ,
5 ( ” y ” , POINTER( c d o u b l e ) ) ,
6 ( ” yp ” , POINTER( c d o u b l e ) )
7 ]
8
9
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Conclusion

• Port Wakefields to GPU; speedup of 25%.

• sixTrackLib’s nonlinear tracking from PyHEADTAIL
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