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Maximum Error Parallel Detection Method Based on Locality Principle

JI Liguang, YANG Hongru,ZHOU Yuchang,CUI Mengqi, HE Haotian and XU Jinchen
School of Cyberspace Security, University of Information Engineering,Zhengzhou 450001, China
Abstract Floating-point numbers use a finite number of digits to represent infinite real numbers for computation, so floating-
point computation is inherently inaccurate, which can be measured by the maximum error. The traditional floating-point maximum
error detection algorithm uses serial computing thinking combined with classical search algorithm. When the number of sampling
points is small,it is easy to treat the local maximum as the global maximum,thus omitting the maximum error value. If the num-
ber of sampling points is increased on a large scale, the time of the detection program will be greatly increased and the perfor-
mance will be reduced. In this paper, the parallel computing mode is used to exponentially increase the number of sampling
points,and the floating-point dynamic sampling strategy is used to near the error hot spot in combination with the principle of
synchronization and locality, which greatly improves the accuracy of the detection results. This method can maximize the compu-
ting power of parallel computing, which can not only improves the detection accuracy of the maximum error of floating-point
number calculation, but also reduces the execution time of the detection program and improves the performance,and the accelera-
tion ratio can reach 1136. 3. The maximum error value detected is better than the current mainstream detection tools, which pro-
vides a new detection method for measuring the floating-point number calculation index.

Keywords Floating point arithmetic, Parallel optimization, Interval sampling. Error detection,Sunway heterogeneous architecture
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AP FRRT S S e PR G T B UOIR A g 5T R AT
TR A5 W KR 2 ALE AT E] L 7E X L S5 L 5 5% R A e
TR )FE X L PERE 9 T 50 4iF MEPDLP A& I A 35 R 23k 1%
2 B9 BV A SOl FPBench 22X 421 b 32 NS
BARFIRAXE HAr ek m iR 2280 T & Herbie, S3FP,
HSED #E47 K5 BE P A& A2k BE PEAG . H b Herbie R 19 22
Bits 22, S3FP Hl HSED™") 3% i i 2 Al *f i 25
5.1 ik Al

AR SCHY FE AR AE Bk 2 Frgi), ook FPBench % v
WAETIA 46 NS AR RSB AR CHEIT 32 A E R
IR HERR T 14 A0 2 415 2 2k ) 7 ok 2 1k 20 A 0 S o
a0 X 7] #% H8 FPBench 45 &2 14 BRIN X 8], 40 SR FPBench %A
&5 1 BRI IX ] U 42 B 0. 01, 100 X 1] 4 32 X [7] S T IX ]

2 MLHBI6E R

Table 2 Test case information

R FPBench 3R X 8]
1 sqroot [o0,1]
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_rd [1.000 01,2]
27 test05_nonlinl _test2 [1.000 01,2]
28 intro-example-mixed [1,999]
29 sineOrder3 [—2,2]
30 bsplines3 [0.1]
31 NMSEexample310 [0.001,1]
32 NMSEproblem343 [0.001,1]
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Fig. 8 Precision comparison between MEPDLP and Herbie
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Fig. 9 Precision comparison between MEPDLP and S3FP
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Fig. 10 Precision comparison between MEPDLP and HSED
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B KR 22 7 1 B A Bm MRS, SE IR B S T Herbie,
S3FP, HSED # T. &, MEPDLP T. Bl S3FP, HSED £ il
TEL ARG BE X b S 58 Y S5 56 3% R F MEPDLP T. 2 fil Her-
bie MR B % S50 AR L 3% U B MEPDLP T LA I A X i3
22 J7 T ORS JE E T Bits IR K00,
5.2.4 MEPDLP # ol 4% & 9 & B o #7
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. W2 H A I 2R, MEPDLP T HAAF % T35
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R T FRAY ERRE ST 00 I L B T AR BRIE S5

B I S B B T 48 1,6.11,16.21,26,31 S5
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Fig. 11 Variation trend between maximum error value and sampling
scale
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R AT RE T I M RE i

TEXT L SE g6 b, 2 B 3 451 9 FPBench 5% o il € 42
H1 i) NMSEproblem343, # 4~ XF Lo 2 FF 7Y 2R AF 4 50 35 0
3,84 10" MR X ] S [0. 001,17, £ 5236 45 IF 47 MR A (1
T FIBE 2 53. 46 s, X8R AT RUAS 19 B2 7 FH B2 60 748. 8 s,
HiFh 16.87h, M2 N 1136, 3 %5, LA HIKER
w4 Frd e g 12 iR,

3 IHATRIT RRATRE T R REXT L

Table 3 Performance comparison between parallel and serial programs
2 F A B 6 A2 F R A s
FFAT IR A 3.84 1010 53.46
FAT A 3.84% 1010 60748.8
80000

607488
60000
40000
20000
5346 s
0 53468
B OHTRARE B BATRAR T

Bl 12 AT T A AT R T A R X L
Fig. 12 Performance comparison between parallel and serial

programs
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