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Abstract

Singular value decomposition (SVD) has been widely used to identify unique features from a
data set in various fields. However, a complex matrix calculation of SVD requires tremendous
computation time. This paper improves the performance of a representative one-sided block Jacoby
algorithm using a two-dimensional (2D) multi-core system. In addition, this paper explores an
optimal multi-core system by varying the number of processing elements in the 2D multi-core
system with the same 400MHz clock frequency and TSMC 28nm technology for each matrix-based
one-sided block Jacoby algorithm (128x128, 64x64, 32x32, 16x16). Moreover, this paper
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demonstrates the potential of the 2D multi-core system for the one-sided block Jacoby algorithm

by comparing the performance of the multi-core system with a commercial high-performance

graphics processing unit (GPU).
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Fig. 1. Execution processes of (a)one-sided Jacobi and (b)one-sided block Jacobi
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Table 2. Parameters of 2D multi-core models used in this paper
Parameter Value
Matrix Size 128 x 128
number of PEs 64 x 1 64 x 2 64 x 4 64 x 8 64 x 16 64 x 32 64 x 64
Data per PE (DPPE) 256 128 64 32 16 8 4
Local Memory per PE (word) 1024 512 256 128 64 32 16
Matrix Size 64 x 64
number of PEs 32 x 1 32x2 32 x4 32x8 32 x 16 32 x 32
Data per PE (DPPE) 128 64 32 16 8 4
Local Memory per PE (word) 512 256 128 64 32 16
Matrix Size 32 x 32
number of PEs 16 x 1 16 x 2 16 x 4 16 x 8 16 x 16
Data per PE (DPPE) 64 32 16 8 4
Local Memory per PE (word) 256 128 64 32 16
Matrix Size 16 x 16
number of PEs 8 x 1 8x2 8 x4 8x8
Data per PE (DPPE) 32 16 8 4
Local Memory per PE (word) 128 64 32 16
Clork Frequency 400MHz
Interconnet Network Mesh
Technology TSMC 28nm
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Table 3. Execution time, system area and energy consumption for each PE architecture

Parameter Value
Matrix Size 128 x 128
number of PEs 64 x 1 64 x 2 64 x 4 64 x 8 64 x 16 64 x 32 64 x 64
Execution Time (ms) 520.95 270.17 145.57 84.68 55.31 42.07 37.36
System Area (mmZ) 26.77 34.29 49.63 80.58 142.80 267.60 517.68
Energy (Joule) 0.0572 0.0538 0.0551 0.0617 0.0776 0.1129 0.1688
Matrix Size 64 x 64
number of PEs 32 x1 32 x 2 32 x4 32x8 32 x 16 32 x 32
Execution Time (ms) 118.26 63.39 36.40 23.37 17.39 15.03
System Area (mm2) 8.56 12.39 20.11 35.64 66.79 129.21
Energy (Joule) 0.0059 0.0060 0.0067 0.0084 0.0120 0.0198
Matrix Size 32 x 32
number of PEs 16 x 1 16 x 2 16 x 4 16 x 8 16 x 16
Execution Time (ms) 26.93 15.30 9.67 7.06 5.98
System Area (mm2> 3.09 5.02 8.89 16.67 32.24
Energy (Joule) 0.00065 0.00072 0.00089 0.00126 0.00204
Matrix Size 16 x 16
number of PEs 8x1 8x2 8 x4 8x8
Execution Time (ms) 6.20 3.86 2.71 2.31
System Area (mm>) 1.26 2.22 4.16 8.04
Energy (Joule) 0.00007 0.00009 0.00012 0.00020
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Table 4. Performance comparison between the selected
multi-core system and a commercial GPU

Execution Time GPU(GTX 560) nfjs_cézc:e
128x128 272.479 ms 37.36 ms
64x64 40.06 ms 15.03 ms
32x32 7.324 ms 5.98 ms
16x16 1.518 ms 2.31 ms
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