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Abstract; In recent years, the increasing complexity of deep learning models has made their predictions more difficult to interpret,
and has also posed significant challenges to defect detection and error localization in deep learning models. At present, as an
important means of deep learning model testing, metamorphic testing is also combined with error location technology to locate
suspicious neurons and pollution features of deep learning model. The above methods mainly use whether the transformation
relationship is satisfied or not and whether the neurons or features cover for localization calculation. However, satisfying the
transformation relationship does not necessarily mean that the deep learning model is correct. This paper mainly discusses the error
location and defect detection of deep learning model based on metamorphic testing and interpretability of deep learning.
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Table 1 The metamorphic testing results of ResNet50 model
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Table 2 The metamorphic testing results of VGG16 model
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Table 3 The metamorphic testing results of Inception—V3 model
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Table 5 The IoU calculation results of ResNet50 model
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Table 6 The IoU calculation results of VGG16 model
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Table 7 The IoU calculation results of Inception—V3 model
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Table 8 Partial results of ResNet50 model error location

Tarantula 22 Ochiai 22 Jaccard 2438
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0 (0, 0,0, 0) 0.490 839 772 743 328 9.72E-06 743 328 0. 171 342 66 588 404
0 (0, 0,0, 1) 0.490 834 139 743 358 9.72E-06 743 357 0. 164 690 29 609 950
0 (0, 0,0, 2) 0.490 465 898 745 094 9.71E-06 745 094 0.157 132 20 633 311
0 (0, 0,0, 3) 0.488 544 481 752 596 9.65E-06 752 596 0. 155 491 08 637 838
0 (0,0,0,4) 0.492 099 306 737 342 9. 76E-06 737 342 0. 157 507 75 632 164
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Table 9 Partial results of VGG16 model error location
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0 (0, 0,0, 0) 0.482 58075 2945592 9.67E-06 2 945 592 0.379 31576 1801 368
0 (0, 0,0, 1) 0.506 818 95 955 244 1.01E-05 955 242 0.525 538 56 2
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0 (0, 0,0,9) 0.502 232 50 216 505 1. 00E-05 216 505 0.464 109 70 250 072

M ESZE N AR , Tarantula A1 Ochiai A 20
SERHE AT A B AR F], T Jaccard 22 51T P
B ZEEHOR,, Tarantula 223 0H1 Ochiai 23 UHR 2
TP — MRFICR (IN—1 710 ) 7E R HE i
A e | R A 1R Y R ST R TR R RS R R
X 2 A FEE X IE TRER B HATI AR P TR
TR BRA) AN, Jaccard 2420 53X 2 MARR
[] 2 ] A B P e R A w (s B
TE— R E N A I HAHE T I 1T
HARFZIEMF R TR, T2
H I 5 B ) i A R PP DG R AR T T A R
JPICRE IR A IR, AE SR SRS AL, 2
WS K i) A2 o0 R B CGE BDET Jaccard 23 20 A9 45
0TS Tarantula , Ochiai 23 3CHY 45 A TR KA,
X F W AR A o H R I 7 255 TR [R] B e, OF
VPRI 5P A (0] LAY 4 Bp R AT A A 45 21, it
T 52 0 2508, T8 IR JE o ) BB R R GE AL
Tarantula 1 Ochiai AZCAYRCREANL T Jaccard 243K,

4 HRIE

AR SRR XU B 2 S AR TN X LA A R | S o S
FIVEE 152 2 57 TR IG5 Py T AT, 5 | N 0 25 300 ) Ak
& BB IRIE ) AT BB T R I HEA T T FSY
W, BARUE, A SCERRCT B R e di/ B =
i 2% 3G 2R AR 5 A8 B4 B, 90 X ResNet50
VGG16 Fl Inception—V3 AR FEA 75 AR 38, 38 15 %
BEAIAR S R Y Satisfy ZHF1 Violate ZH#E17 7] fif Bk
GIATT AR SCHIR T A R A B R LA S A O 2R
MIREEERE T, FFAS 2] T M 2ot ol S50 SEHE 7 . AC

BT A B S, T IO TR 2 AR T — 20

SR AR I AN S S

(1] @p8, 2R, FERT, 45, Mlas s IR AT iRtk o ik, i
M LA LR [T]. HEHLIFTE S K, 2019, 56(10)
2071-2096.

[2] LINARDATOS P, PAPASTEFANOPOULOS V, KOTSIANTISs
S. Explainable AI. A review of machine learning interpretability

methods[ J]. Entropy, 2020, 23(1) 18.
CHEN T Y, TSE T H. New visions on metamorphic testing after a

—
w
[

quarter of a century of inception [ C ]//Proceedings of the 29™

ACM Joint Meeting on European Software Engineering Conference

and Symposium on the Foundations of Software Engineering. New

York: ACM, 2021 ; 1487-1490.

M, 750, TR, 55 AR U 5T ot i K 0 AE 917 R

JPI T TR T] . B, 2023 ,34 (1) :130-149 .

[5] CHEN T Y, KUO F C, LIU Huai, et al. Metamorphic testing: A
review of challenges and opportunities [ J |. ACM Computing

Surveys (CSUR) , 2018, 51(1): 4.

SUNDARARAJAN M, TALY A, YAN Qiqi.

attribution for deep networks [ J].

01365, 2017.

[7] YUAN Yuanyuan, PANG Qi, WANG Shuai. Unveiling hidden
DNN defects with decision—based metamorphic testing[ C]//37™
IEEE/ACM International Conference on Automated Software
Engineering. New York:ACM,2022. 1-13.

[8] XIE Xiaoyuan, CHEN T Y, KUO F C, et al. A theoretical

analysis of the risk evaluation formulas for spectrum—based fault

Axiomatic

(6]
arXiv preprint arXiv, 1703.

localization[ J]. ACM Transactions on Software Engineering and
Methodology (TOSEM) , 2013, 22(4) : 31.

[9] HE Kaiming, ZHANG Xiangyu, REN Shaoging, et al. Deep
residual learning for image recognition [ C |//Proceedings of the
IEEE Conference on Computer Vision and Pattern Recognition.
Piscataway ,NJ . IEEE, 2016. 770-778.

[10]JOTSU N. A threshold selection method from gray — level

Man,

histograms [ J ]. IEEE Transactions on Systems, and

Cybernetics, 1979, 9(1) : 62-66.



