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Abstract  Matrix-matrix multiplication is one of the most important basic operations in linear
algebra and a building block of many scientific applications. As HPC ( High Performance Computing)
moves towards Exa-scale, the degree of parallelism of HPC systems is increasing. The communication
cost of parallel matrix multiplication will be more and more important. How to reduce the
communication cost, improve the scalability of parallel matrix multiplication and make full use of
the advantages of supercomputer computing resources are well-studied subjects. In this paper, a
novel distributed parallel dense matrix multiplication algorithm is proposed, which can be
regarded as 2.5D PUMMA (Parallel Universal Matrix Multiplication Algorithm) algorithm.

The underlying idea of this implementation is improving the scalability by decreasing the data
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transfer volume between processors at the cost of the extra memory usage. The 2. 5D matrix
multiplication algorithm in this paper firstly divides the initial processes into ¢ groups, stores matrix
A and B, and perform 1/¢ PUMMA algorithm simultaneously on each process group by utilizing
the extra memory on the computing nodes, and finally gets the final result of matrix multiplication
through MPI communications. Based on BLACS(Basic Linear Algebra Communication Subprograms) ,
this paper implements a new data redistribution algorithm from 2D to 2.5D, combined with
the PUMMA algorithm, and finally gets the 2. 5D PUMMA algorithm which can directly replace
PDGEMM (Parallel Double-precision General Matrix-matrix Multiply). Compared with classic
2D algorithms such as PDGEMM in ScaLAPACK (Scalable Linear Algebra PACKage)., the
algorithm in this paper reduces the number of communications, improves data locality, and has
better scalability. The performance experiments are carried out on a supercomputer system
with 300 computing nodes, each of which consists of two 10-core Xeon E5-2692 v3 CPUs. These
nodes are interconnected by Tianhe 2 interconnection networks (TH-Express 2) with fat tree
structure. The effectiveness and efficiency of the 2. 5D PUMMA algorithm are evaluated with
various of the matrix size, degree of blocking, the stack size (duplication factor) and the process
number. In the case that the number of processes is high, such as 4096 processes, system tests
show that the acceleration ratio relative to PDGEMM can reach 2. 20—2. 93. When the number of
processes is small, such as 64 or 256 processes, the performance of the 2. 5D PUMMA algorithm
may be worse than the PDGEMM function. In this case, besides the additional overhead of data
redistribution, the computation is the dominant factor rather than the communication. Furthermore,
the 2. 5D PUMMA algorithm proposed in this paper is applied to solve symmetric eigenvalue
problems, which is used to accelerate the tridiagonal eigenvalue decomposition step. The speedup
over the original implementation in ScaLAPACK can reach more than 1. 2. The next stage of work
is to study the 2. 5D PUMMA algorithm for special matrices, such as Cauchy matrix, Toeplitz
matrix and Vandermonde matrix, which are widely used in scientific, industrial and clinical
fields. In this paper, the performance of 2. 5D PUMMA algorithm is analyzed through a large
number of numerical experiments, practical suggestions are given and the future work is summarized
and forecasted.

Keywords 2. 5D parallel matrix multiplication algorithm; ScalL APACK; parallel universal matrix
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A% 1 s A 3 A B E R A )5 0K L Solomonik
SENE— LSBT 2. 5D SUMMA Sk, 455 fEHESE
CTF(Cyclops Tensor Frameworks) H15% 7] 5& FH F
EER SRR FD. b 3R P b 305 i BB 25 R A A
A5 HE RN 2D 2 2. 5D 1y 4 i ). Mukunoki Al
Imamura $2 H — & 2089 A 2D F] 2. 5D (1) 5 ¥s &
SRR A S E ML ESEEH T 2.5D
SUMMA 5535 B 55 560 25 5 3¢ 0, B4 40 5 25 4
A ], 2. 5D SUMMA #3454 F PBLAS
) PDGEMM 5532 7 %2 150 B 1) 02 1% B4 o 20 Tic 5%
HPI I RE H F 2. 5D Cannon 2 3. Cannon 255
125 )34 S DU AR S T 1E 5 B 4 B A5 B Y, Demmel
S NELAE SCHR (31145 2 5 A 7 T2 40 B 3fe vk 114 il
{5 &% L & ¥, CARMA ( Communication-Avoiding
Recursive Matrix multiplication Algorithm) , 7£

i)‘(?%t S ). CARMA J2& 38 9 44 1, 3

FHGE R TR 2 RIS,

AR SCR R O A B RAT 5 PUMMA
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Background

Parallel matrix multiplication is an important operation
in numerical linear algebra, big data analysis, and scientific
computing. How to improve the scalability of the PDGEMM
algorithm has an important role in improving the utilization of
future E-class computers.

Based on the BLACS and PUMMA algorithms, a new
2.5D matrix multiplication algorithm is proposed in this
paper, and its scalability is much better than PDGEMM.
When the number of processes is large, a speedup of 2. 93

interface as

the

It has the same function

PDGEMM

can be obtained.

PDGEMM and can directly replace in

ScaLAPACK function, thereby improving the performance

of the corresponding function.
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