%34% %98 Vol.34 No.9 September 2023 ISSN 1000-9825
CODEN RUXUEW

aremyjog jo [ewanor g 4 3

EX R Ware

Journal of

S
O
*ﬁ
Sl
w
=
)3
i
o
gg
>
7
£
£
L
72
i
%
P/ N
Eﬁ
7
pJEA
%
2l

E7

“ﬂm

982238

ISSN 1000-9825
771000

B

9




“El' .‘
G"%ﬁﬂﬁ%
NI ELEEENENT N5 ELEEENEN  DERSHENT HE B 32 AT
— V3 N3
;w1 = K B ESIH
(Ruanjian Xuebao) 2023 59 A
B &

Al RERFTEARAREEESR

ALBRPE RS TR A S R oo B R L A BRI FEA (3939)
AT R RS TR IR 5 3 5 v AR AWE H@E A (94D
T 5 A RN B T oo B ot RAB kA BME ETA (3966)
RIS *ﬁﬁ!ﬁ"] Qlﬂ%gﬁiﬁ%}%ﬁjlﬁg ................................................................................................
................................................................. £ & WS ok T osk#ek FHERK L (398))
P ARBAR BB oo FIRE B KM REE (4003)
TP B R N T B ZR G e P AIE JT 05 oo veveee oot
................................................................................ Mxw EiEAFE E K wE%E REP (4018)
P ST ) A PRI FT oo IR K OB MBR RRE HAE (4037)
TensorFlow JTFUE H A4 AL X A TTHRAS VT I SZIUERTFGY -+ eerveverememesemsseseeesisie e
................................................................................ 2EE & % E OEFE REE INRKRK (4056)
BIREIT LTSS s IR EGRRVEEAL, - vvevereemeem e
............................................... BT BREH ¥ 3 FHT IR FILE Akl E £

IEix £ T BHRE L (4069)

BRIt 5o

L ELE BT T R IS (B 22 H BRI B0: oo
................................................................................ ZEF KRFM IAYIE B A KRB (4096)
RERESHRETIRE

FEF R ASAL BRI AT H A R A J T T v veeeee e
................................................................. AR XNER L OB % T A i Kk (4114)
IERBIAZIE  SQL ELHFRIT -oovvveeeeeserscsnss Ko F X ¥ & MU= (4132

BRRANEANTERE

R FDE JATARR L oo = ¥ TEA Fbb @153)



HETF UL LI A TG oo H o7 & &

ST IR SF TN B TTT oovresmoeresnerssss
................................................................................ T Ri#
HENNESEERSE

HET SINR (325 KL ML A ATBEEE L oo
SET PSP R 37 R B AL B T 0 oo a4 5

T 6 485 5008 T 1 2 AR 5T 5 oo REh (EH
BT Stackelberg TR MEC TFREIR T ZE v
DX B 2L 053 ) RS R S R oo EHMA &

RSA S HASRGEE IR S HT IR TIERE o ovvve v
.................................................. BxM EF4 T RF 25 4
DX e BRI B SR Er PRI E 77 oovess oo
................................................................................ M il

HTHE 2222 ST T AN BT AT BT J1E v,
.................................................. A # ITAN IRd
HEVERZE ST EVHEBZT

W R AT A A B AR ACAL EL MBI - ovess v
................................................................. N SRE
%ﬂ:##?ﬁg@ﬂi%/@?z E’ﬂ')ﬁﬁﬁ %*(TJU”U ....................................................
................................................................................ i : g

T S 0 25 G0 ) 5 PO SR T T I35 oo
................................................................. ¥ OF Y :
HEIE RSN

[ 17 % GPU [¥] EAHEE LM ZR IR oo Han EiiE

[fil 1] SW26010-Pro [ 1. 2 2 BLAS BB IFATALEA
................................... O HER OB B NFFE L
L YR e o =y P TP OO PP PO UPPOUPPPRUPPIR

BAFI B A S H: CN11-2560/TP*1990*m*16*502*zh-+en*P*¥70%2023%29%2023-09

RIH (4167)
R @ (4195)

STEEP (4210)

AM (4225)
T H A (4239)
x|k (4256)

A—E (4275)
3N (4294)

A
;Z
~
N
(98]
W
©))
=

234 (4378)

FRIELT (4392)

£ 3K (4407)

MRS (4421)

...................................... (H=)



Journal of Software Vol.34,No.9  Sep. 2023
Contents

SPECIAL TOPIC ON ENGINEERING TECHNOLOGIES AND STANDARDS FOR AI SOFTWARE SYSTEMS

3939 Preface
ZHANG He, XIA Xin, JIANG Zhen-Ming, ZHU Li-Ming, LI Xuan-Dong

3941 Quality Attributes and Practices of Trustworthy Artificial Intelligence Systems: A Tertiary Study
LI Gong-Yuan, LIU Bo-Han, YANG Yu-Hao, SHAO Dong

3966  Just-in-time Defect Prediction for Intelligent Computing Frameworks
GE Jian, YU Hui-Qun, FAN Gui-Sheng, TANG Jian-Hao, HUANG Zi-Jie

3981 Scenario Description Language of Autonomous Driving Embedded with Road Network Graph Model
GONG Lei, SUN Xin-Yu, ZHANG Yu, ZHANG Yan-Yong, JI Jian-Min, HUA Bei

4003  Adversarial Example Generation Method Based on Sparse Perturbation
JI Shun-Hui, HU Li-Ming, ZHANG Peng-Cheng, QI Rong-Zhi

4018  Robustness Verification Method for Artificial Intelligence Systems Based on Source Code Processing
YANG Yan-Jing, MAO Run-Feng, TAN Rui, SHEN Hai-Feng, RONG Guo-Ping

4037 Research on Fairness in Deep Learning Models
WANG Yu-Ying, ZHANG Min, YANG Jing-Ran, XU Sheng-Kai, CHEN Yi-Xiang

4056  Empirical Study on Pull-request Revisions in Open Source Software Community of TensorFlow
LI Zhi-Xing, YU Yue, WANG Tao, CAI Meng-Luan, WANG Huai-Min

4069  AlOps in Practice: Status Quo and Standardization
BAO Hang-Yu, YIN Kang-Lin, CAO Li, LI Shi-Ning, SUN Yong-Jing, YIN Hui-Feng, TANG Ru-Ming, HOU Yue,
WANG Shi-Qiang, PEI Dan, YANG Xiao-Qin, WANG Li-Xin

ALGORITHM DESIGN AND ANALYSIS

4096 Many-objective Evolutionary Algorithm Based on Curvature Estimation of Pareto Front
LIANG Zheng-Ping, LIN Wan-Peng, HU Kai-Feng, MING Zhong, ZHU Ze-Xuan

SYSTEM SOFTWARE AND SOFTWARE ENGINEERING

4114 Code Comment Generation Based on Concept Propagation for Software Projects
PAN Xing-Lu, LIU Chen-Xiao, WANG Min, ZOU Yan-Zhen, WANG Tao, XIE Bing

4132 Inductive SQL Synthesis with Positive and Negative Tuples
ZHANG Jian, L1 Yi, PENG Xin, ZHAO Wen-Yun

PATTERN RECOGNITION AND ARTIFICIAL INTELLIGENCE

4153 Efficient Parallel Propagation Algorithm for FDE
LI Zhe, YU Zhe-Zhou, LI Zhan-Shan

4167  Survey on English and Chinese Discourse Structure Analysis
JIANG Feng, FAN Ya-Xin, CHU Xiao-Min, LI Pei-Feng, ZHU Qiao-Ming

4195 Generative Adversarial Network Based on Bidirectional Constraints
GOU Yao, LI Min, DU Wei-Dong, HE Yu-Jie, WU Zhao-Qing, SONG Yu

4210 Classifier Chains Method Based on Association Rules and Topological Sequences
DING Jia-Man, ZHOU Shu-Jie, LI Run-Xin, FU Xiao-Dong, JIA Lian-Yin



COMPUTER NETWORKS AND INFORMATION SECURITY

4225  Distributed Link Scheduling in Dynamic Wireless Networks under SINR Model
HUANG Bao-Gui, YU Ji-Guo, MA Chun-Mei
4239  New Key Recovery Attack Based on Periodic Property
Z0U Jian, ZOU Hong-Kai, DONG Xiao-Yang, WU Wen-Ling, LUO Yi-Yuan
4256  Secure Data Sharing Solution for Portable Health Clinics
ZHU Xue-Ling, HOU Hui-Ying, FU Shao-Jing, ZHAO Yun-Lei, LIU Bo
4275  Computation Offloading Scheme Based on Two-layer Stackelberg Game for Multi-access Edge Computing
SUN Wei-Feng, ZHANG Yuan-Kui, JIANG He, QIN Yi-Xing
4294 Throughput Model of Starlike Sharding Structure for Blockchains and Its Applications
WANG Ke-Yuan, JIANG Xin, JIA Lin-Peng, DUAN Tian-Tian, SUN Yi
4310  Progress of Lattice-based Cryptanalysis of RSA and Its Variant Algorithms
ZHOU Yong-Bin, JIANG Zi-Ming, WANG Tian-Yu, YUAN Si-Meng, XU Jun, WANG Kun-Peng,
LIU Yue-Jun
4336 Blockchain-based Validation Method for Inter-domain Routing Policy Compliance
CHEN Di, QIU Han, ZHU Jun-Hu, WANG Qing-Xian, FAN Song-Wei
4351 Novel Imperceptible Watermarking Attack Method Based on Residual Learning

LI Qi, WANG Chun-Peng, WANG Xiao-Yu, LI Jian, XI4 Zhi-Qiu, GAO Suo, MA Bin

COMPUTER GRAPHICS AND COMPUTER AIDED DESIGN

4362  Probabilistic Memory Auto-encoding Network for Abnormal Behavior Detection in Surveillance Videos
XIAO Jin-Sheng, GUO Hao-Wen, XIE Hong-Gang, ZHAO Tao, SHEN Meng-Yao, WANG Yuan-Fang

4378  Feature Constrained Restricted Distillation Learning for Visual Anomaly Detection
XING Peng, JIANG Xin, PAN Yong-Hua, TANG Jin-Hui, LI Ze-Chao

4392 Longitudinal Prediction of Lung Tumor Based on Conditional Adversarial Spatiotemporal Encoder
XIAO Ning, XIAO Xiao-Jiao, QIANG Yan, LI Ke-Qin, LI Shuo, LIAN Jian-Hong

COMPUTER ARCHITECTURE

4407 Graph Neural Network Training Acceleration for Multi-GPUs
MIAO Xu-Peng, WANG Yu-Jie, SHEN Jia, SHAO Ying-Xia, CUI Bin

4421 Many-core Optimization of Level 1 and Level 2 BLAS Routines on SW26010-Pro

HU Yi, CHEN Dao-Kun, YANG Chao, LIU Fang-Fang, MA Wen-Jing, YIN Wan-Wang, YUAN Xin-Hui, LIN Rong-Fen

© Copyright 2023, Institute of Software, the Chinese Academy of Sciences. All rights reserved. No part of this
publication may be reproduced, stored in a retrieval system or transmitted in any form without the prior written
permission of the Institute of Software, the Chinese Academy of Sciences.



(BREZR) 2023 FHRET)/ERE

RKEE

T/ A R

LR AR TE

2023 ££25 3 1A

REHR R HE B IS 5 AR

/AN 55 Wibe AR, 2 vk

2023 4£25 5 A

il TN ZR BRI 2 B 22 ST BT

R, AL 9, FRE P A B

2023 455 6 JH

BAF AT AR 1 B 22 4l it

[E 2 S, AR, ST, 5 i, EE

2023 55 7 | A TT %S R oz BB, BB
2023 55 8 ] | LIRS € BEIE W L R AR IR, 0 e K

2023 455 9 1

AT R G TR AR 5T

KB, B RN BT B 2R E R

2023 510 H

FIRIRBE RS B R 4t

o R A 2 B T

B SR B 22 AR RN - http://www.jos.org.cn Fa 9 R 3L T/ B4 0.

345 5o

®"HF &

Ruanjian Xuebao
(H T, 1990 61 7])
2023 £ 9 H

Journal of Software
(monthly)

(Started in 1990)

Vol.34 No.9 Sep. 2023

FEBMN
EHBEMN
E
i
o bR
B Rl
BRITA

1T M &k
El5NE&AT

Hh B R A B

HERERRAA B ET RN
SN

CRRIF 224D g B4

(L5t 8718 {546 1% 100190)

#1135 010-62562563, E-mail: jos@iscas.ac.cn
http://www.jos.org.cn

44 4 & M i
At R AR LT 16 %5 W% 100717)

R E B R ORI R A A

o S AR A A m AL T AR R AT R
A ] % i )=

o ] ] s [ 45 5 5 A 8

(Ab3E 399 {546 HEgw 100044)

Sponsored by the Chinese Academy of Sciences
Published by Institute of Software, The Chinese Academy of
Sciences (ISCAS) and China Computer Federation
Editor-in-Chief: ZHAO Chen
Edited by Editorial Board of Journal of Software

(P.O.Box 8718, Beijing 100190, P.R.China)

Tel: 8610-62562563, E-mail: jos@iscas.ac.cn
http://www.jos.org.cn

Distributed by Science Press (16 Donghuangchenggen
North Street, Beijing 100717, China)

Printed by Beijing Baochang Color Printing Co., Ltd.

Generally Distributed by Beijing Bureau for Distribution of
Newspapers and Journals

Domestically Distributed by All Local Post Offices in China
Overseas Distributed by China International Book Trading
Corporation (P.O.Box 399, Beijing 100044, China)

ISSN 1000-9825
CN 11-2560/TP

ERNLZ RS 82-367
EN&ITHKS: M4628

AT & AT

©2023 ISCAS (FR#XFrB)

=

EM:70.00 7T



