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Parallel Detection Method of Maximum Floating-point Error Based on Gridding Particle Swarm
Optimization Algorithm

JI Liguang,ZHOU Bei, YANG Hongru,ZHOU Yuchang,CUI Mengqi and XU Jinchen
School of Cyberspace Security, University of Information Engineering,Zhengzhou 450001, China

Abstract Floating-point computing programs are widely used in aerospace,artificial intelligence, national defense and military, fi-
nancial settlement and other fields. The computing accuracy and performance of floating-point programs are directly related to the
safety and effectiveness of related applications. The maximum floating-point error is the key indicator to measure the accuracy of
floating-point computing programs,and the cumulative effect of floating-point errors will also lead to unbearable disasters,so it is
necessary to develop an accurate and efficient float-point maximum error detection tool to provide support for researchers to take
timely optimization and intervention measures. The proposed algorithm transforms the problem of maximum error detection into
the problem of searching for the maximum value of the objective function,gives full play to the computing power advantages of
the master-slave architecture two-level parallel computing mode of the domestic Sunway platform,deeply excavates the perform-
ance and accuracy potential of the particle swarm heuristic search algorithm,and optimizes the particle swarm algorithm with the
idea of grid search,independent cultivation, hierarchical convergence and dynamic adaptation. According to the different stages of
the search process,the relevant search parameters are set,so that the improved algorithm achieves improvement in both search
accuracy and search performance. This provides a new practical tool and thinking reference for accurately detecting the maximum

error of floating-point numbers.and further enriches the tool library of domestic Sunway platform.
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Fig. 1 Illustration of floating-point number distribution
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Fig.5 Flowchart of data aggregation
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Table 2 Test cases information

%5 FPBench IR X g
1 sqroot [0,1]
2 sqrt_add [1.1000]
3 explx [0.01,0.5]
4 explx_log [0.01,0.5]
5 NMSEexample37 [0.01,100]
6 NMSEproblem336 [0.01,100]
7 NMSEexample39 [0.01,100]
8 NMSEproblem341 [0.01,100]
9 NMSEsection311 [0.01,100]
10 NMSEproblem345 [0.01,100]
11 NMSEproblem337 [0.01,100]
12 verhulst [0.1,0.3]
13 predatorPrey [0.1,0.3]
14 logexp [0.01.8]
15 sine [—1.57079632679,1.57079632679]
16 carbonGas [0.1,0.5]
17 NMSEproblem341 [0.01,100]
18 NMSEexample38 [0.01,100]
19 NMSEproblem334 [0.01,100]
20 NMSEproblem333 [0.01,100]
21 NMSEproblem331 [0.01,100]
22 NMSEexample36 [0.01,100]
23 NMSEexample35 [0.01,100]
24 NMSEexample34 [0.01,100]
25 NMSEexample31 [0,100]
26 test05_nonlinl_r4 [1.00001,2]
27 test05_nonlinl _test2 [1.00001,2]
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30 bsplines3 [o0,1]
31 NMSEexample310 [0.001,1]
32 NMSEproblem343 [0.001,1]
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