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Massive Scaling of MASSIF: Algorithm Development for Hooke’s Law

GPUs and the need for algorithm re-design  rrooseasoution: Challenges with FFT//

Algorithm 1 MASSIF Inner loop expertise and knowledge about high performance
Motivation MASSIF simulates Composite ’ Initeigli:eé 0 () e Co i p() () computing platforms. )
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* High memory requirement
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Incompatibility with GPUs:

 GPUs haves small on-chip memory (~16GB)
 Various communication latencies

Stress field at grain boundary

Case study: MASSIF
Partial Differential Equation solved by Green’s
function method

« FFT-based convolution and tensor contraction
between rank-2 tensors and rank-4 Green’s

« function

Re-design the application algorithm using domain

= Insights into FFT & convolution
= Compression and data models
= Interpolation techniques

¢ Check convergence = QOperations involved
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algorithm re-design

Main issues faced:

As problem size increases for high
resolution simulations, storage and HPC K led
communication requirements . Mer:co):?,/ Ceapffity
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increase. Problems larger than 1024 =  Communication bandwidth

plans

Application .

FFTW is de-facto standard interface for FFT

Vendor libraries support the FFTW 3.X
interface:

Intel MKL, IBM ESSL, AMD ACML (end-of-life),
Nvidia cuFFT, Cray LibSci/CRAFFT

Some Issues:

No native support for accelerators (GPUs, Xeon
PHI, FPGAs) and SIMT

Parallel/MPI version does not scale beyond 32
nodes

No analogue to LAPACK for spectral method

Complex data patterns may need to be
expressed, FFTW currently falls short. But,
extensions like FFTX could add new descriptors.

grids not currently simulated. = Compute power Emerging interfaces like FFTX, extension of FFTW,
enables algorithm specification as composition of sub-
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Key Idea: Approximate Convolution.
Exploit locality arising due to domain decomposition +
Properties of Green’s function.
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easier for the user
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expressed easily using an FFTW-like interface

Back end: Code Optl mization Platform-aware formal program synthesis Translating an OL expression into code

FFTX backend: SPIRAL

FFTX is..

* Modernized FFTW-style interface Other C/C++ Code

 Backwards compatible to FFTW
2.X and 3.X

« Small number of new features,
familiar interface

FFTX call site

fftx_plan(...)
fftx_execute(...)

« Code generation backend using

SPIRAL
« Compilation and advanced
performance optimization FFTX call site

fftx_execute(...)

cross-call and cross library
optimization, accelerator off-
loading,...

Model: common abstraction
= spaces of matching formulas
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First-order Performance Analysis

Comparison of communication time and compute time
Time in log(s) for problem size of 1024 x 1024 x 1024 Nvidia Tesla V100
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Single node, multi-GPU

GPU compute time & Memory requirement
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C code: ‘

void dft8(_Complex double *Y, _Complex double *X) {
__m256d s38, s39, s40, s41,...
__m256d *al7, *a18;
a17 = ((__m256d *) X);
s38 =*(al17);
s39 =*((a17 + 2));
138 = _mm256_add_pd(s38, s39);
t39 = _mm256_sub_pd(s38, s39);

s52 = _mm256_sub_pd(s45, s50);
*((a18 + 3)) = s52;
}

Future work: FFTX and SpectralPACK
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