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Abstract

Rapid solving of linear systems is central to engineering challenges in electromagnetics, fluid dy-
namics, structural mechanics, and more. LU decomposition remains one of the most widely used
methods for dense linear systems. This paper elaborates on the principles and process of LU decom-
position. Leveraging its algorithmic characteristics, we propose a parallel computation framework
on CUDA that decomposes the computational task into smaller sub-problems. After solving these
sub-tasks independently, the final solution is reconstructed through forward and backward sub-
stitutions. Experimental results demonstrate that this method maximizes GPU utilization, signifi-
cantly reduces inter-node communication overhead, and achieves accelerated solving speeds with
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improved computational efficiency.
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Figure 1. The process of LU decomposition
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Figure 2. Thread block and thread partitioning
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T BAEEET CUDA HIFAT LU 2 R EE A 8, AR SCAESEBR A5 GPU: NVIDIA GeForce RTX
4060, %Wfr: 8GBGDDR6, iI'#fe/: 8.0, fmiibEMi#: 2.4Ghz, CPU: AMD Ryzen9 7945HX, I
#ih 25Ghz, WAF: 64GB, Z#%¥#E: Windows 10, IDE: Visual Studio 2019, CUDA Toolkit: CUDA
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Table 1. Serial vs. parallel execution time comparison (CUDA)

= 1. BITSHITHKEEREIXTEL (CUDA)

RHUERE RN HAT LU SRABFERT (ms) CUDA J47(ms) AL
64 x 64 1.37 2.40 0.57
128 x 128 11.03 8.23 1.34
256 x 256 87.04 30.35 2.86
512 x 512 700.55 116.79 5.99
1024 x 1024 5509.17 42453 12.97
2048 x 2048 45376.68 1335.51 33.97
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Table 2. Serial vs. parallel execution time comparison (OpenMP)

2. BITHHITHIKMERTEXTEL (OpenMP)

REUERE R/ AT LU SRAFFERT (ms) OpenMP F£17 (ms) g b
64 x 64 1.37 1.82 0.75
128 x 128 11.03 9.34 1.18
256 x 256 87.04 4553 1.91
512 x 512 700.55 194.46 3.60
1024 x 1024 5509.17 1202.15 458
2048 x 2048 45376.68 8534.28 5.31
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