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GPU Computing

◮ An assembly of hundreds and
thousands of PUs

◮ SIMD Processing: Single
Instruction on Multiple Data
streams simultaneously

◮ Well suited for highly parallel
numeric applications

◮ Best Price/Performance ratio
◮ Programming Tools

◮ CUDA (NVIDIA Proprietary)
◮ OpenCL (Open Standard and Heterogeneous)

Figure: CPU vs GPU core ratio
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Parallel Sorting 1/3: Min-Max Butterfly Sort

◮ Finds minimum and maximum in data
◮ For data of sizeN

◮ Total Stages arelog2N
◮ Complexity in terms of butterflies (comparators) is(N/2)log2N

◮ All stages are executed sequentially

◮ Butterflies inside any stageSi are executed in parallel

◮ After complete run of the Algorithm minimum and maximum values in
data are placed at x(0) and x(N-1)
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Parallel Sorting 2/3: Full Butterfly Sorting

◮ Complete Sorting
◮ For data of sizeN

◮ Total Stages arelog2N +
∑log2N−1

r=1 (r)
◮ Complexity in terms of butterflies (comparators) is(N/2)xT .Stages

◮ All stages are executed sequentially
◮ Butterflies inside any stageSi are executed in parallel
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2Published in"IASTED-Parallel and Distributed Computing and Networks 2013"



Parallel Sorting 3/3: Results Butterfly Network Sort
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Fourier Transformation on GPU

◮ DFT converts a time domain
signal into frequency domain.

◮ High computation complexity
O(n2)

◮ FFT are fast methods for
computing the DFT.

◮ FFT complexityO(n log n).

◮ The parallel structure of
Cooley-Tukey FFT is well
suited for GPU architecture
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The Cooley-Tukey Algorithm for FFT

Twiddle Properties

◮ Symmetry
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ToPe: An OpenCL based multidimensional FFT Library

◮ Almost Arbitrary length transform size

◮ Complex-to-Complex Transform type

◮ Multi-Radix (N = rn, wherer = 2 − 8, 10, 15, 16)

◮ Algorithms (Cooley-Tukey DIT, Modified Cooley-Tukey, Mixed Radix
FFT)

◮ Dimension supported up to 3D

◮ Precision (single and double)

◮ Auto tuning for multiple GPU with Static Load Balancing
(GPU+Thread Level)

◮ Open Source (http://code.google.com/p/tope-fft)

Speedup over FFTW∼ 50× Speedup over cuFFT∼ 5×

http://code.google.com/p/tope-fft


Results 1/2: ToPe FFT
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Results 2/2: ToPe FFT
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Micromagnetics 1/3:Accelerating Magnetostatic Field Computation using GPUs
The equation for Magnetostatic fieldH at a cell position is

H (r) = −

n∑

r′
N
(

r − r′
)
· m

(
r′
)

N is 3×3 geometric tensor andm is magnetization
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2
Portion of this work has been published in "10th European Conference on Magnetic Sensors and Actuators, Vienna,

Austria"



Micromagnetics 2/3: Flowchart of our GPU Field Solver
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Figure: Design Overview of GPU Magnetostatic Field solver.The double line rectangles show processes performed in parallel
by the GPU. The dotted line rectangles show the dot product performed by parallel threads on CPU.



Micromagnetics 3/3: Results and Comparisons
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Accuracy

Computation Cells ǫmean ǫmax ηmean
1 Million 7.59e − 11 3.52e − 10 1.01e − 14
2 Million 4.04e − 11 1.68e − 10 5.33e − 15
4 Million 7.56e − 11 3.65e − 10 9.96e − 15
8 Million 7.91e − 11 3.38e − 10 1.04e − 14

Table: Validation of our simulation computingH againstµ-mag Standard problem 4 with an S-state initial magnetization.
HereH′ is OOMMF computed. Here,ǫ =

∣∣H − H′
∣∣
2, andη = ǫ/

∣∣H′
∣∣

3
This work has been accepted for publication in Elsevier "Computers & Electrical Engineering" Journal



Time Stepping Technique 1/2: Runge Kutta like scheme for theIntegration of LLG

◮ Numerical solution for Landau-Lifshitz equation of motionfor
magnetization

◮ The fundamental LLG equation:

∂m

∂t
= −m × (heff + α (m × heff))

◮ Discretization using mid-point rule:

mk+1
(i)−mk

(i) = τ/2
[

mk+1
(i) + mk

(i)
]
×H

◮ Time-stepping scheme based on the properties of mid-point
rule and Runge-Kutta method.

◮ Properties of magnetization dynamics are preserved in all
steps.

◮ At each time-step a3 × 3 linear system of equations is solved
instead of3N × 3N in the previous cases

◮ It reduces the computations of theheff per time-step. Fig: Flow of different steps.



Time Stepping Technique 2/2: Results Runge Kutta like scheme ...
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the conservation of magnetization.
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1This work has been published in "Journal of Applied Physics"



Conclusion

◮ Developed and implemented new sorting algorithms

◮ Developed generic FFT library on GPUs

◮ GPU accelerated Magnetostatic Field Solver

◮ Designed and developed new time integration method for LLG
equation

◮ Designed new load balancing scheme on multiple GPUs
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Thank You for Your Attention.  


