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Optimizing parallel matrix transpose algorithm on
multi-core digital signal processors
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Abstract; Matrix transpose is one of the common matrix operations, which is widely employed in various fields such as signal processing,
scientific computing, and deep learning. With the popularization of Phytium heterogeneous multi-core DSPs( digital signal processors) developed by
National University of Defense Technology, there is a strong demand for high-performance matrix transpose implementations for Phytium multi-core
DSPs. Based on the architecture of multi-core DSPs and the characteristic of matrix transpose operations, a parallel matrix transpose algorithm
(called ftmMT) for matrices with different element bit widths (8 B, 4 B, and 2 B) was proposed. In fimMT, the main optimizations include
vectorization based on vector Load/Store functions, core-level parallelization based on matrix blocking, and overlapping between vectorization and
memory access through implicit ping-pong methods. The experimental results show that fimMT can significantly improve the performance of matrix
transpose operations, and achieve a speedup of up to 8.99 times in comparison with the open-source transpose library HPTT running on CPU.
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8

9
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Tab.1 Performance of ftmMT —64 and HPTT implementations

under different matrix sizes

fimMT - 64 HPTT
FEPE - — -
HxW 0 11 VA W/ 5 1 VA 4
ms (GB/s) ms (GB/s)
64 x 64 0.51 0.12 0.03 2.43
128 x 126 0. 60 0.41 0.04 6.69
256 x256 0.67 1.45 0.08 11.60
512 x512 0.72 5.41 0.34 11.54

1024 x1 024 1.07 14.61 1.37  11.37

2 048 x2 048 2.44 25.62 10.99 5.69

4 096 x4 096 8.07 30.98 53.30 4.69
8192 x8 192 35.76  27.96 212.60 4.70
16 384 x16 384 152.55 26.22 924.62 4.33
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Tab.2  Performance of ftmMT —32 and HPTT implementations

under different matrix sizes

fimMT - 32 HPTT

HxW 11 V= 5 VA |1 VA o5 V4

ms (GB/s) ms (GB/s)
64 x 64 0.51 0.06 0.02 1.47
128 x 126 0.64 0.19 0.03 4.28
256 x 256 0. 66 0.74 0.05 9.40
512 x512 0.69 2.84 0.14 14.43
1024 x1 024 0.84 9.31 0.62 12.61
2 048 x2 048 1.52 20.55 2.91 10.76

4 096 x4 096 4.24 29.50 31.89 3.92
8192 x8 192 15.45 32.37 138.86 3.60

16 384 x16 384 72.78 27.48 579.11 3.45
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Tab.3  Performance of fimMT - 16 implementation under

different matrix sizes

S HxW A ]/ ms W9/ (GB/s)
64 x 64 0.56 0.03
128 x 126 0.51 0.12
256 x 256 0.52 0.47
512 x512 0.55 1.79
1024 x1 024 0.63 6.22
2 048 x2 048 1.01 15.45
4 096 x4 096 2.38 26.27
8 192 x8 192 8.17 30. 60
16 384 x 16 384 31.47 31.78
32 768 x 32 768 155.31 25.75

ARSI 25 B AT AL, fimMT — 64 fimMT —
32 Fil fimMT — 16 YJREA 30 & #E DDR 44 85 1 1
g, H ftmMT - 64 5 fimMT - 32 AXFE1T7E 2%
CPU - HPTT 23 1 A& i iy MEREdE 7t -

5 #it

ASCEE R G S 4 22 4% DSP B K R 4514 45
LS5 5 B R E B RE AT, 3 T DSP VPU [ 52 8
Jrid R T —MIE AR EE AL TE (8 B4 B L
Lo 2 B) SRR FFAT A PR B AR mMT, fimMT
ST AR BB T 2 A DSP I I AT AL B,
W AR BT S B T R b R S A
SMIAF IR B, A RO IR SN Al 8 52 R O
FR AT DMA DL e V5 A7 B0CR B AR A TR R, 3l i
TFREAR S S0, UE I T fmMT REHS I 3% ik =
% DSP 1 {95 4 5% 43 /8, DDR {947 58 01 FH R
B 1K B 75.95% ; 5 HPTT # L, n] 45 i ik
8. 99 I PERE NN o LI T X T HE Bl [ 7= 1L
Z 1% DSP AERFA TR IR BE 2% 2] 45U 1y i .
AHERE L

5 2 3k ( References)

(1]

(2]

(3]

(5]

(6]

(8]

[10]

[11]

[12]

CHOI J, DONGARRA J J, WALKER D W. Parallel matrix
algorithms
Parallel Computing, 1995, 21(9). 1387 -

transpose on distributed memory concurrent
computers[ ] ].
1405.
GORAWSKI M, LOREK M. General in situ matrix transposition
algorithm for massively parallel environments [ C ]//
Proceedings of International Conference on Data Science and
Advanced Analytics, 2014 379 —-384.

HUANG X D, WANG Q L, LUS Y, et al. Evaluating FFT-
based algorithms for strided ARMv8

Performance Evaluation, 2021, 152.

convolutions  on
architectures [ J ].
102248.

WANG Q L, LI D S, HUANG X D, et al. Optimizing FFT-
based convolution on ARMv8 multi-core CPUs [ C ]//
Proceedings of European Conference on Parallel Processing,
2020 248 -262.

FRM, ZERF, MERAPT, S5 T KB 2 AL
Winograd PRt 5 UL AL [T]. TR R 5 KR,
2020, 57(6): 1140 - 1151.

WANG Q L, LID S, MEI S Z, et al. Optimizing winograd-
based fast convolution algorithm on Phytium multi-core
CPUs[ J]. Journal of Computer Research and Development,
2020, 57(6) : 1140 —1151. (in Chinese)

LU Q D, KRISHNAMOORTHY S, SADAYAPPAN P.
Combining analytical and empirical approaches in tuning
matrix transposition [ C ]// Proceedings of the 15th
International Conference on Parallel Architectures and
Compilation Techniques, 2006 233 —242.

KOTLAR M, PUNT M, MILUTINOVIC V. Energy efficient
implementation of tensor operations using dataflow paradigm
for machine learning [ J]. Advances in Computers, 2022,
126 151 - 199.

SRME. T 1) SR AT B AT 55 T g AR S P AR AL L
ARBFRID]. Kb ERFHRY:, 2020

ZHANG P. Optimizing streaming parallelism for heterogeneous
many-core architectures[ D ]. Changsha; National University
of Defense Technology, 2020. (in Chinese)

IR R ERERR A R AU IR R BRI [ D). K
. EBIRHE R, 2020.

SU X. Research on high performance dense linear algebra
libraries [ D ].
Technology, 2020. (in Chinese)

Wi, WRst. SET SMP SRR RE BT T SB[ ],
HEHL TR S 3, 2016, 37(10) : 2690 —2694.

YUAN Y, CHEN L. Research and implementation of matrix
transpose based on SMP system[J]. Computer Engineering
and Design, 2016, 37(10) : 2690 —2694. (in Chinese)

ZEKRI A S. Enhancing the matrix transpose operation using

Changsha; National University of Defense

intel AVX instruction set extension| J]. International Journal
of Computer Science and Information Technology, 2014,

6(3): 67-78.
R, wibk, @R, 55 TR B LT Intel KNL

R[], AN LR 5t 2018, 39(5) : 1358 -
1364, 1371.
WANG Q, HAN L, GAO Y C, et al. Parallel optimization on

transposition of square matrices for Knights Landing

processors[ J]. Computer Engineering and Design, 2018,

39(5): 1358 — 1364, 1371. (in Chinese)



- 66 -

(FE TR SR S AN S

5545 &

[13]

[14]

[15]

[16]

SPRINGER P, HAMMOND J R, BIENTINESI P. TTC: a
high-performance compiler for tensor transpositions [ J]. ACM
Transactions on Mathematical Software, 2017, 44 (2).
1-21.

SPRINGER P, SU T, BIENTINESI P. HPTT: a high-
performance tensor library [ C ]//
Proceedings of the 4th ACM SIGPLAN International Workshop
Array

transposition C + +
on Libraries, and Compilers for
Programming, 2017 ; 56 —62.

B, M, 2R, % CPU + GPU S IFAT A AL e
EREEVIRLI] RICMR =M CH AR R, 2019,
51(4):70-177.

XIAO H, LI C L, LI Q, et al. Research on matrix transpose
algorithm of CPU + GPU heterogeneous parallelism [ J ].

Languages,

Journal of Northeast Normal University ( Natural Science
Edition) , 2019, 51(4) : 70 =77. (in Chinese)

HYNNINEN A P, LYAKH D I. cuTT: a high-performance
tensor transpose library for CUDA compatible GPUs [ EB/
OL]. (2017 =05 -03)[2022 -06 =09 ]. https://arxiv.
org/abs/1705. 01598.

VEDURADA J, SURESH A, RAJAM A S, et al. TTLG—an
transposition GPUs [ C ]//
Proceedings of 2018 IEEE Parallel and
Distributed Processing Symposium, 2018 ; 578 —588.

efficient tensor library  for

International

[18]

[19]

[20]

[21]

[22]

FIRE. TR E R B kRSB S [ D .
FRM - I SRR A B AR, 2021,
GAO J.

based on Sunway domestic supercomputer platform [ D ].

Implementation and optimization of tensor library

Zhengzhou; PLA  Strategic Support Force Information
Engineering University, 2021. (in Chinese)
YIN S F, WANG Q L, HAO R C, et al. Optimizing

irregular-shaped matrix-matrix multiplication on multi-core
DSPs[ C]//Proceedings of IEEE International Conference on
Cluster Computing, 2022 : 451 -461.

XA, FH A TR ) 224 1) i Ak B 0 R A 3k 1) A
)] iHENL2AHL, 2018, 41(10) ; 2251 —2264.

LIU Z, TIAN X. Vectorization of matrix multiplication for
multi-core vector processors [ J ]. Chinese Journal of
Computers, 2018, 41(10) ; 2251 —2264. (in Chinese)

E sz, T GPDSP Bl it E i m P RE DMA £ i 55X
i SSEBID]. Kb ERRHRY:, 2015.

WANG Z L. Design and implementation of high-performance
DMA transmission modes
GPDSP[D]. Changsha;
Technology, 2015. (in Chinese)

YANG C, CHEN S M, ZHANG J, et al. A novel DSP
architecture for scientific computing and deep learning [ J].

IEEE Access, 2019, 7. 36413 -36425.

for scientific computation on

National University of Defense



