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Abstract Matrix multiplication has been widely used in various application fields, especially the field
of numerical computation. However, double-precision floating-point matrix multiplication suffers
from non-optimal performance or efficiency on contemporary computing platforms, including CPU,
GPGPU and FPGA. To address this problem, acceleration of double-precision floating-point matrix
multiplication with a customized coprocessor is proposed in this paper, which adopts linear array as
the basic building block. Firstly, double-buffering technique and optimized memory scheduling are
applied to the basic linear array for better computation efficiency. Then, architecture of the matrix
multiplication coprocessor and coprocessor-based accelerated computing system are formulated.
Furthermore, a performance model tailored for the coprocessor is developed and the design space of
coprocessor is explored in detail. Finally, functional correctness of the coprocessor is verified and its
hardware implementation cost under mainstream technology node is evaluated. Experimental results
show that the proposed coprocessor can achieve the performance of 3 TFLOPS and the efficiency of
999%. Compared with NVIDIA K40 GPGPU for executing double-precision floating-point matrix
multiplication, the coprocessor proposed in this paper achieves 1. 95 X performance with hardware
overheads of only 21.05% in area. This work explores the application of customized acceleration in
high-performance computing and has certain guidance for improving performance of existing

computing systems,
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Fig. 2 Data block mapping for the linear array
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Fig. 4 System architecture based on matrix multiplication coprocessor
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Fig. 6 Effect of double-buffering optimization technique on coprocessor performance
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Table 2 Effect of Matrix Size on Coprocessor Performance
and Efficiency
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Table 3 Configurations for Synopsys Design Compiler
R3 BESEHSHIEE

Parameters Configuration
n Memory Ratio/ % Performance  Efficiency/ % period 0. 66

128 50. 00 191. 97 6.25 setup 0.083

256 50. 00 383.98 12.50 hold 0. 150

512 50. 00 767. 99 25.00 route_type Mesh

1024 27.27 1535.99 50. 00 max_layer M4

2048 3.03 2234, 28 72.73 clk_uncertainty 0.06

4096 0. 04 2978.93 96. 97 clk_transition 0. 04

8192 0. 00 3060. 04 99.61
16 384 0. 00 3070. 50 99. 97 R4 Design Compiler i it 19 25 £ 45 5 5 PR e
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Table 4 Coprocessor versus K40 GPGPU on Performance

and Hardware Overhead

x4 HMEES K40 GPGPU i+ E A FE 4 ST

Design Parameters K40 Coprocessor
Base Clock/MHz 745 1500
Boost Clock/MHz 875
Peak Performance/ GFLOPS 1680 3072
Matrix Multiplication Efficiency/ % 93 99
Sustainable Performance 1562 3041
Area/mm? 551 116
5 HRIE

HiFE SRz Sz W TR S TR ST it
WA R R B . HfE CPU,GPGPU, FPGA % 3 47
LT 5 A M RE RIS 3 32 B, ROKE J 77 ok i [ 3fe iz
SRR BN KA T 55 B F A R . 3 AR
ok T 1] g FH ) B8 A2 oy v BE L R ST SR A A
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