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Abstract. The Recursive Sparse Blocks (RSB) is a sparse matrix layout
designed for coarse grained parallelism and reduced cache misses when
operating with matrices, which are larger than a computer’s cache. By
laying out the matrix in sparse, non overlapping blocks, we allow for the
shared memory parallel execution of transposed SParse Matriz-Vector
multiply (SpM V'), with higher efficiency than the traditional Compressed
Sparse Rows (CSR) format. In this note we cover two issues. First, we
propose two improvements to our original approach. Second, we look
at the performance of standard and transposed shared memory parallel
SpMYV for unsymmetric matrices, using the proposed approach. We find
that our implementation’s performance is competitive with that of both
the highly optimized, proprietary Intel MKL Sparse BLAS library’s CSR
routines, and the Compressed Sparse Blocks (CSB) research prototype.

1 Introduction and Related Work

Many scientific/computational problems require the solution of systems of par-
tial differential equations (PDEs). Often, discretization of these problems result
in sparse matrices. A common approach for the solution of sparse linear sys-
tems is through the use of iterative methods, whose computational core requires
sparse matrix-vector multiplication. In this document, we focus on the efficient
implementation of sparse matrix-vector multiplication, on cache based, shared
memory computers. In this context, we have recently proposed a sparse matrix
format, called Recursive Sparse Blocks (RSB) [3/4]. The central idea of RSB is
a recursive partitioning-based organization of matrices, with either Compressed
Sparse Rows (CSR) or Coordinate (COO) format leaves of a quad-tree structure
over matrices. In this paper, we present some optimizations to our RSB-based
SpMYV implementation, and compare performance of the modified approach to
that of the Intel’s MKL proprietary Sparse BLAS implementation, and the pub-
licly available CSB (see [1]) prototype. To this end, we briefly recall the way
that the SpMV /SpMV T computational kernels work and behave on comput-
ers of our interest in § 21 Next, we introduce the proposed optimizations in §[3l
Finally in § Bl we discuss the efficiency of our prototype, by comparing it to the
mentioned highly efficient MKL’s CSR and CSB implementations.
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for [ + 1 to s.nnz do

i < s.JA(l);

j < s.JA();

s.y(i + s.roff) < s.y(i + s.roff) + s. VA(l)s.z(j + s.coff);
end

[

Fig. 1. SpMV listing for a COO submatrix s

for [ <~ 1 to s.nnz do

1+ s.JA(D);

J <« s. JA();

s.y(j + s.coff) < s.y(j + s.coff) + s. VA(l)s.z(i + s.roff);
end

(2 N

Fig. 2. SpMV T listing for a COO submatrix s

2 SpMYV and Transposed SpMV

We define the sparse matriz-vector multiply (SpMV') operation as “y < A z”
and its transposed version (SpMV T) as “y < AT 27 (where A is a sparse
matrix, while z,y are vectors). With RSB, A is recursively partitioned into sub-
matrices, and then the individual N leaf submatrices s; : sy are represented
in either COO or CSR format (eventually using 16 bits for the local indices);
for details, see [BI4]. The leaf submatrices are all disjoint; each submatrix s cov-
ers rows indices [s.roff : s.roff + s.rows|] and column indices [s.coff : s.coff +
s.cols]. For this reason, the SpMV operation may be decomposed into the fol-
IOWng N steps (fOI' n= ]-a ey N) Ys,,.roff:sn.roff+sn.rows $ Ysy . roff:5n . Toff+5n . rows +
s, . 10ff: 50 . TOff+ 50 . TOWS, 51, . COff:Spy . COffF5p . cOlSL 54, . COfF: 1y . COff+5m . cOls Note that some steps
may be executed in parallel by two or more threads. In the case with two different
threads i, j operating on two different submatrices s, s4, updating the two y in-
tervals sp.roff : sp.roff + sp.rows and sq.1off : s4.170ff + 54.7OWS is allowed, as long
as the intervals do not intersect. In the case when the two intervals intersect, a
race condition may occur; that is, concurrent updates of vector y may lead to in-
consistent results in the intersecting y subvector. In the same spirit, the SpMV T
Operation may be decomposed into Ysn.coffisn . coff+5n.cols £ ysn.cojj‘:sn.coﬁ—&-sn.cols"'
Qs,,.coff:sn.coff+8n.cols,s, . T0ff:5n . TOff+5n . TowsL sy, . TOff: 81, . TOff+8p . TOWS* Clearl}’a while in the
untransposed case the requirement for avoiding race conditions is on the rows in-
terval, in the transposed case the columns intervals of the participating submatri-
ces shall be disjoint. Our basic shared memory parallel algorithm for RSB/ SpMV
is outlined in Fig. [ (see also []); in the listing, at line B assume for the time
being s.r, = 0,s.r; = 0. Workload is partitioned among threads by means
of a parallel section (lines EHIH). Repeatedly, each participating thread picks
up a submatrix and updates the y array with its contribution to the product.
When picking up a submatrix, a thread locks y array’s interval correspond-
ing to the submatrix rows interval. The same listing is suitable for SpMV T,



