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Figure 4: Nanoscale light-matter interactions equations matrix. Square complex
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More on the methods of our interest: 22479 CSR sparse blocks. This instance occurs during autotuning's search for a well-
Y. Saad, lterative Methods for Sparse Linear Systems, 2nd ed., SIAM, Philadelphia, 2003 = R.W. Freund, M. Malhotra, / performing blocking on an AMD ROME EPYC 7742 with 16 threads spread
across the cores. Matrix: courtesy Dr. Luc Giraud and Dr. Stéphane Lanteri, Inria.
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o e e T Y (6} arme {21 e Figure 5: Same matrix. Best autotuning-determined layout for SpMM with 2 RHS:

8 st ;vect5r<r;b_cao_idx_{t> TA {0,1,2,:;,4,?,1}, IA {051,2,3,4,5,0}; D % . 170 COO and 1530 CSR blocks. Using short indices (therefore HCOO, HCSR): index-
std::vector<double> VA {1,1,1,1,1,1,2}, X(nrhs*nchA,1); R ; . e

10 std::vector<double> Y(nrhs#nrh,0); 192/ 382 COO % ing averages to only 2.64 bytes per nnz. Performed SpMM 40% faster than an initial

11 const double alpha {2}, beta {1}; 7 G " . . .

12 rsb int t tn (0} first guess” structure with 7173 blocks. Autotuning took less than a minute. SpMM

13 rsb_real_t sf {0}; // speedup factor : : : 0 : «“ «“

1 eonie 7ab fiags 1 order (nSH FLAG WANT COLUMI MAJOR ORDER}; operation time slightly (12%) faster than CSR with INTEL MKL “20200822¢.

15 288/ 382 COO Z. 4e+06

16 RsbMatrix<double> mtx (IA,JA,VA); /

1 7 336/ 382 CSR Z 4e+06 2

18  mtx.tune spmm(sf,RSB_TRANSPOSITION N,alpha,nrhs,order,X,beta,Y); - Current Development Focus

19  std::cout << " expected tuning speedup of " << sf << "x\n"; R

20 mtx.spmm (RSB_TRANSPOSITION N,alpha,nrhs,order,X,beta,Y);

01 } ] _ _ _ _ _ _ ~f performance improvement of SpMM kernels
Figure 1: Program using the new C—++20 interface to create a matrix, tune it Figure 3: Instance of matrix representing the Wilson Dirac Operator. Used in Lattice o | _ |
with respect to specific operation parameters, and multiply it by a vector. Here error QCD to simulate quarks. Square, 120 equations, 597M nonzeroes. Matrix: courtesy %, partners’ use cases, novel architectures (LRZ and Inria testbeds)
handling is exception-based. of Dr. Jacob Finkenrath. ¥¥ quality improvement of internals (bugfixes, Cl/CD) and interfaces
One Library, many Interfaces GNU Octave + LIBRSB = SparseRSB Python + Cython 4+ LIBRSB = PyRSB

= original: rsb.h

= machine-translated: p gthOn

— FORTRAN module, via script
— Sparse BLAS headers and module, via GNU M4
— PYTHON: via script + CYTHON

= GNU OctavE: a MATLAB-like interactive numerical language » SCIPY: popular Python scientific computing AP

" GNU OCTAVE: written in (Sglmiaillepas bt PRI CaS = SPARSERSB: package to access LIBRSB transparently = CYTHON: optimising static compiler for C extensions to PYTHON

Features access:
= PYRSB: extension module to access LIBRSB transparently

= all: C/CH++ ;;CZave:1> R = ( rand (3) > .6 )
= most: FORTRAN 3

O 0 © Il import numpy

many: PYRSB, OCTAVE-SPARSERSB
limited: Sparse BLAS API

o 0 0 2 import scipy
3from scipy.sparse import csr_matrix

octave:2> A octave = sparse (R) 4 from rsb import rsb_matrix

Performance: 9 A_octave = 5

: 10 ov=[ 11.,12.,22.]
= in C and FORTRAN' zero overhead 11 Compressed Column Sparse (rows = 3, cols = 3, nnz = 2 [22%]) 71=[ 0 0 1]
= optimal if used natively compiled (likely auto-vectorization) g 1) o> 1 8J=[ o0, 1, 1]

(also available on SPACK and GUIX-HPC) (3, 3) -> 1 9

ble if d led 15 100 c = csr_matrix((Vv, (I, J)))

= portable it used precompile 16 octave:3> A_librsb = sparsersb (R) 11

(e.g. # apt install librsb0O octave-sparsersb) 17 A_librsb = 12a = rsb matrix((V. (I. 1))

18 - s )
PYRSB vs SCiIPy CSR and SPARSERSB vs OcTAVE CSC: 19 Recursive Sparse Blocks (rows = 3, cols = 3, nnz = 2 [22%]) 13a = rsb_matrix((V, (I, J)), [3,3])
_ 20 14a = rsb matrix((V, I, J))
= 1 =~ 10x faster (on large matrices) 01 (3, 1) -> 1 15
. 22 -> 1 :

= SCIPY CSR and OCTAVE CSC both serial (3,3 = by =y + a * x; # equivalent to y =y + c * X

Figure 6: Package with only one new keyword. Most arithmetical and conversion

e . _ Figure 7: rsb_matrix usage is styled after SciPY's csr_matrix.
operators and builtins acting on sparse work on sparsersb object as well.

= PYRSB and SPARSERSB have intrinsic copy overheads

For JULIA users: interface by D. C. Jones

https://github.com/dcjones/RecursiveSparseBlocks. jl P http://octave.sourceforge.net/sparsersb/
() https://github.com/michelemartone/pyrsb
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