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• Stencil	Models.	

• Machine	Learning	Methodology.	
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• Experiments.	
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• Results.	
• Conclusions.
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Motivation	
Multicore	and	Many	core	Architectures
• Complexity:	
• Cache	levels.	
• Cores.	
• Sockets.	

• Optimization:		
• Non-uniform	memory	
access.	
• Vectorization.	
• Compiler	flags.	
• Memory	policies.	
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Motivation	
Stencil	Models

• 7-point	Jacobi	
• Heat	transference.	

• Seismic	
• Velocity	and	Stress.	

• Acoustic	wave	
• Reverse	time	migration.

4
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zDocumenting	the	3D	Wave	

Propagation	CPU-GPU	Code	
Jairo	Panetta	

	

Objective	
The	program	simulates	the	propagation	of	a	single	wavelet	over	time	by	solving	two	different	

sets	of	equations:		

(i)	the	isotropic	acoustic	wave	propagation	equation	

1
"#
$#%
$&# = ∇#%	

(ii)	the	isotropic	acoustic	wave	propagation	equation	with	variable	density	

1
"#
$#%
$&# = ∇#% − ∇** ∇%	

on	a	finite	three	dimensional	rectangular	domain	under	Dirichlet	boundary	conditions	(prescribing	% =
0	at	all	boundaries),	where	%(-, /, 0, &)	is	the	acoustic	pressure,	"(-, /, 0)	is	the	propagation	speed	and	
*(-, /, 0)	 is	 the	media	 density.	 The	 Laplace	 operator	 is	 discretized	 by	 a	 12th	 order	 finite	 differences	
approximation	 on	 each	 spatial	 dimension.	 Time	 derivative	 is	 approximated	 by	 a	 second	 order	 finite	
differences	operator.	

The	program	spreads	computations	over	a	single	CPU	and	a	single	GPU.	The	GPU	extrapolates	
the	wave	field	over	time,	while	the	CPU	does	I/O	and	prepares	the	GPU	computation.	Program	is	written	
in	standard	C	and	CUDA.		

Installation	and	Execution	
Adjust	Makefile	to	the	compilers	available	at	the	target	environment.		

Script	 do_roda.sh	 sets	 command	 line	 arguments	 and	 dispatch	 execution	 to	 a	 single	 CPU	
accelerated	by	a	single	GPU.	No	MPI	 involved.	Text	output	at	stdout	and	at	 log	file	run_log.txt.	Binary	
output	at	snapshot	files	snap_u_XXXXXX.bin,	where	XXXXXX	stands	for	time	step	count.			

Program	Structure	
File	prog_MOD3D_TestKERNEL.c	contains	the	main	program	and	a	function	that	dispatches	the	

simulation.	 File	 prog_CUDA_3D.cu	 contains	 the	 simulation	 procedure	 (CPU	 code),	 all	 CUDA	 code	 and	
remaining	 functions	 for	CPU-GPU	communication.	File	prog_aux_3D.c	contains	auxiliary	 functions.	File	
struct_3DTD.h	 contains	 symbolic	 constants	 and	 type	 definitions.	 File	 include_GPU3D.h	 contains	
declarations	of	GPU	variables.	

File	prog_CUDA_3D.cu	contains	procedures	for	wave	field	extrapolation.	Wave	fields	reside	on	
the	 GPU,	 updated	 by	 kernels	 that	 execute	 a	 single	 time	 step.	 Controlling	 procedure	 is	
forward_wavefield_AC_3D,	 that	 runs	 all	 time	 steps	 on	 the	 CPU.	 For	 every	 time	 step	 this	 procedure	
updates	 the	 source	 sample	at	 the	GPU	wave	 field	by	dispatching	kernel_GPU_srcVet_3D	on	 the	GPU,	
extrapolates	 the	 wave	 field	 one	 time	 step	 at	 the	 GPU	 by	 dispatching	 one	 of	 the	 kernels	
kernel_GPU_06_mod_3DRhoCte	 (constant	 density)	 or	 kernel_GPU_06_mod_3DRhoVar	 (variable	
density)	 and,	 at	 selected	 time	 steps,	 copies	 the	 wave	 field	 from	 GPU	 memory	 to	 CPU	 memory	 for	
snapshot	dumping.		
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Machine	Learning	Methodology	
Hardware	Counters	Behavior

• Hardware	Counters	
• Last	Level	Cache	Misses	(L2	&	L3)	
• Total	Cycles.	
• Data	Translation	Lookaside	
Buffer	Misses.

5

• Input	Vector	
• Policy	Scheduling.	
• Chunk	Size.	
• Executed	Threads.
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Machine	Learning	Methodology	
Supported	Vector	Machines	Model

6

Input

Vector
Log

Training Set

Testing Set

Hardware

Counters

Prediction

Performance

Vector



WSPPD	2017	-	INF

Experiments	
Testbed

7

Node	1 Node	2 Manycore
Processor Xeon	E5-2650 Xeon	E5-4650 Xeon	Phi	750
Clock	(GHz) 2.0 2.7 1.40
Cores 8 8 68
Sockets 2 4 1
Threads 16 32 272
LL	cache	size	(MB) 20	(L3) 20	(L3) 34	(L2)
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Experiments	
Optimization,	Training	and	Validation	Sets
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Optimization

Training

Testing

Experiments

Optimization Parameters
Total	of	Configurations

Node	1 Node	2 Manycore
Number	of	thtreads 1 8 12 272
Scheduling	policy 1 2 2 2
Chunk	size 1 32 32 272
Total	for	Naive 3 512 768 147,968

Stencil Set Node	1 Node	2 Manycore

7-point	
Jacobi

Training 44 38 -
Testing 11 10 -
Total 55 48 -

Seismic	
wave

Training 211 237 -
Testing 53 60 -
Total 264 297 -

Acoustic
Training - - 808
Testing - - 203
Total - - 1,011
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Results	
Regression	Model	Accuracy

9

Stencil Node	1 Node	2 Manycore
7-point	
Jacobi

RMSE 0.66 2.51 -
R-Square 0.98 0.86 -

Seismic	
wave

RMSE 13.53 212.28 -
R-Square 0.99 0.62 -

Acoustic
RMSE - - 154.04
R-Square - - 0.94

• Testing	set

Input Output
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Conclusions

• We	 introduced	 a	 general	 predictive	 performance	
modeling	strategy	 for	geophysical	numerical	kernel	on	
multi	and	many-core	architectures:	

• Performance	of	stencil	can	be	predicted	with	a	high	
accuracy	(up	to	99%).	

• Model	 can	 be	 integrated	 into	 an	 auto-tuning	
framework	to	find	the	best	performance.	

• Next	 step:	 a	 model	 based	 on	 unsupervised	 ML	
algorithms.
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