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Preface

On behalf of the Conference Committee we welcome you to the proceedings of the

2021 International Conference on Algorithms and Architectures for Parallel Process-

ing (ICA3PP 2021), which was held virtually during December 3–5, 2021. ICA3PP

2021 was the 21st in this series of conferences (started in 1995) that are devoted to

algorithms and architectures for parallel processing. ICA3PP is now recognized as the

main regular international event that covers the many dimensions of parallel algorithms

and architectures, encompassing fundamental theoretical approaches, practical exper-

imental projects, and commercial components and systems. This conference provides

a forum for academics and practitioners from countries around the world to exchange

ideas for improving the efficiency, performance, reliability, security, and interoperability

of computing systems and applications.

A successful conference would not be possible without the high-quality contribu-

tions made by the authors. This year, ICA3PP received a total of 403 submissions from

authors in 28 countries and regions. Based on rigorous peer reviews by the Program Com-

mittee members and reviewers, 145 high-quality papers were accepted to be included

in the conference proceedings and submitted for EI indexing. In addition to the con-

tributed papers, eight distinguished scholars, Yi Pan, Daqing Zhang, Yan Zhang, Shuai

Ma, Weijia Jia, Keqiu Liu, Yang Yang, and Peng Cheng, were invited to give keynote

lectures, providing us with the recent developments in diversified areas in algorithms

and architectures for parallel processing and applications.

We would like to take this opportunity to express our sincere gratitude to the Program

Committee members and 160 reviewers for their dedicated and professional service. We

highly appreciate the six track chairs, Ding Wang, Songwen Pei, Zhiming Luo, Shigeng

Zhang, Longbiao Chen, and Feng Wang, for their hard work in promoting this conference

and organizing the reviews for the papers submitted to their tracks. We are so grateful

to the publication chairs, Yang Wang, Carmen De Maio, Donglong Chen, and Yinglong

Zhang, and the publication assistants for their tedious work in editing the conference

proceedings. We must also say “thank you” to all the volunteers who helped us in various

stages of this conference. Moreover, we are so honored to have many renowned scholars

be part of this conference. Finally, we would like to thank all speakers, authors, and

participants for their great contribution and support to make ICA3PP 2021 a success!

December 2021 Min Jiang

Aniello Castiglione

Guangquan Xu

Wei Liang

Jean-Luc Gaudiot

Yongxuan Lai

Tian Wang



Organization

General Co-chairs

Jean-Luc Gaudiot University of California, Irvine, USA

Yongxuan Lai Xiamen University, China

Tian Wang Beijing Normal University and UIC, China

Program Co-chairs

Min Jiang Xiamen University, China

Aniello Castiglione University of Naples Parthenope, Italy

Guangquan Xu Tianjin University, China

Wei Liang Hunan University, China

Track Chairs

Ding Wang Nankai University, China

Songwen Pei University of Shanghai for Science and

Technology, China

Zhiming Luo Xiamen University, China

Shigeng Zhang Central South University, China

Longbiao Chen Xiamen University, China

Feng Wang Wuhan University, China

Local Co-chairs

Cheng Wang Huaqiao University, China

Liang Song Xiamen University, China

Publication Chairs

Yan Wang Xiamen University of Technology, China

Carmen De Maio University of Salerno, Italy

Donglong Chen Beijing Normal University-Hong Kong Baptist

University United International College (UIC),

China

Yinglong Zhang Minnan Normal University, China



viii Organization

Publicity Co-chairs

Fan Lin Xiamen University, China

Longbiao Chen Xiamen University, China

Saiqin Long Xiangtan University, China

Zhetao Li Xiangtan University, China

Steering Committee

Yang Xiang Swinburne University of Technology, Australia

Kuan-Ching Li Providence University, Taiwan, China

Program Committee

A. M. A. Elman Bashar Plymouth State University, USA

Jiahong Cai Hunan University of Science and Technology,

China

Yuanzheng Cai Xiamen University, China

Jingjing Cao Wuhan University of Technology, China

Zhihan Cao Huaqiao University, China

Arcangelo Castiglione University of Salerno, Italy

Lei Chai Beihang University, China

Chao Chen Chongqiing University, China

Donglong Chen Beijing Normal University-Hong Kong Baptist

University United International College (UIC),

China

Haiming Chen Ningbo University, China

Juan Chen Hunan University, China

Kai Chen Institute of Information Engineering, Chinese

Academy of Sciences, China

Lifei Chen Fujian Normal University, China

Rongmao Chen National University of Defense Technology,

China

Shuhong Chen Guangzhou University, China

Xiaoyan Chen Xiamen University of Technology, China

Xu Chen Sun Yat-sen University, China

Yu Chen Wuhan University of Technology, China

Yuanyi Chen Zhejiang University, China

Yuxiang Chen Huaqiao University, China

Lin Cui Jinan University, China

Haipeng Dai Nanjing University, China

Hong-Ning Dai Lingnan University, China

Xia Daoxun Guizhou Normal University, China



Organization ix

Himansu Das KIIT Deemed to be University, India

William A. R. De Souza Royal Holloway, University of London, UK

He Debiao Wuhan University, China

Xiaoheng Deng Central South University, China

Chunyan Diao Hunan University, China

Qiying Dong Nankai University, China

Fang Du Ningxia University, China

Guodong Du Xiamen University, China

Xin Du Fujian Normal University, China

Shenyu Duan Shanghai University, China

Xiaoliang Fan Xiamen University, China

Xiaopeng Fan Shenzhen Institute of Advanced Technology,

Chinese Academy of Sciences, China

Yongkai Fan China University of Petroleum, Beijing, China

Zipei Fan University of Tokyo, Japan

Fei Fang Hunan Normal University, China

Tao Feng Sichuan University, China

Virginia Franqueira University of Kent, UK

Anmin Fu National University of Defense Technology,

China

Bin Fu Hunan University, China

Zhipeng Gao Beijing University of Posts and

Telecommunications, China

Debasis Giri Maulana Abul Kalam Azad University of

Technology, India

Xiaoli Gong Nankai University, China

Ke Gu Changsha University of Science and Technology,

China

Zonghua Gu University of Missouri, USA

Gui Guan Nanjing University of Posts and

Telecommunications, China

Yong Guan Iowa State University, USA

Zhitao Guan North China Electric Power University, China

Guangquan Xu Tianjin University, China

Ye Guixin Northwest University, China

Chun Guo Institute of Information Engineering, Chinese

Academy of Sciences, China

Guijuan Guo Huaqiao University, China

Jun Guo Quanzhou University of Information Engineering,

China

Shihui Guo Xiamen University, China

Zehua Guo Beijing Institute of Technology, China

Yu Haitao Guilin University of Technology, China



x Organization

Dezhi Han Shanghai Maritime University, China

Jinsong Han Zhejiang University, China

Song Han Zhejiang Gongshang University, China

Yulin He Shenzhen University, China

Alan Hong Xiamen University of Technology, China

Haokai Hong Xiamen University, China

Zhenzhuo Hou Peking University, China

Donghui Hu Hefei University of Technology, China

Yupeng Hu Hunan University, China

Yuping Hu Guangdong University of Finance and

Economics, China

Qiang-Sheng Hua Huazhong University of Science and Technology,

China

Weh Hua University of Queensland, China

Yu Hua Huazhong University of Science and Technology,

China

Chenxi Huang Xiamen University, China

Haiyang Huang Huaqiao University, China

Jiawei Huang Central South University, China

Jing Huang Hunan University, China

Weihong Huang Hunan University of Science and Technology,

China

Xinyi Huang Fujian Normal University, China

Zhou Jian Nanjing University of Posts and

Telecommunications, China

Fengliang Jiang Longyan University, China

Wanchun Jiang Central South University, China

Wenjun Jiang Hunan University, China

He Jiezhou Xiamen University, China

Zhengjun Jing Jiangsu University of Technology, China

Xiaoyan Kui Central South University, China

Xia Lei China University of Petroleum, China

Chao Li Shanghai Jiao Tong University, China

Dingding Li South China Normal University, China

Fagen Li University of Electronic Science and Technology

of China, China

Fuliang Li Northeastern University, China

Hui Li Guizhou University, China

Jiliang Li University of Goettingen, Germany

Lei Li Xiamen University, China

Tao Li Nankai University, China

Tong Li Nankai University, China



Organization xi

Wei Li Jiangxi University of Science and Technology,

China

Wei Li Nanchang University, China

Xiaoming Li Tianjin University, China

Yang Li East China Normal University, China

Yidong Li Beijing Jiaotong University, China

Sheng Lian Xiamen University, China

Junbin Liang Guangxi University, China

Kaitai Liang Delft University of Technology, The Netherlands

Wei Liang Hunan University, China

Zhuofan Liao Changsha University of Science and Technology,

China

Deyu Lin Nanchang University, China

Fan Lin Xiamen University, China

Jingqiang Lin University of Science and Technology of China,

China

Yongguo Ling Xiamen University, China

Guanfeng Liu Macquarie University, Australia

Jia Liu Nanjing University, China

Kai Liu Chongqing University, China

Kunhong Liu Xiamen University, China

Peng Liu Hangzhou Dianzi University, China

Tong Liu Shanghai University, China

Wei Liu East China Jiaotong University, China

Ximeng Liu Singapore Management University, Singapore

Xuan Liu Hunan University, China

Xuxun Liu South China University of Technology, China

Yan Liu Huaqiao University, China

Yaqin Liu Hunan University, China

Yong Liu Beijing University of Chemical Technology,

China

Zhaobin Liu Dalian Maritime University, China

Zheli Liu Nankai University, China

Jing Long Hunan Normal University, China

Wei Lu Renmin University of China, China

Ye Lu Nankai University, China

Hao Luo Beijing Normal University-Hong Kong Baptist

University United International College (UIC),

China

Zhiming Luo Xiamen University, China

Chao Ma Hong Kong Polytechnic University, China

Haoyu Ma Xidian University, China



xii Organization

Chengying Mao Jiangxi University of Finance and Economics,

China

Mario Donato Marino Leeds Beckett University, UK

Yaxin Mei Huaqiao University, China

Hao Peng Zhejiang Normal University, China

Hua Peng Shaoxing University, China

Kai Peng Huaqiao University, China

Li Peng Hunan University of Science and Technology,

China

Yao Peng Northwest University, China

Zhaohui Peng Shandong University, China

Aneta Poniszewska-Maranda Lodz University of Technology, Poland

Honggang Qi University of Chinese Academy of Sciences,

China

Tie Qiu Tianjin University, China

Dapeng Qu Liaoning University, China

Zhihao Qu Hohai University and Hong Kong Polytechnic

University, China

Yang Quan Huaqiao University, China

Abdul Razaque International IT University, Kazakhstan

Chunyan Sang Chongqing University of Posts and

Telecommunications, China

Arun Kumar Sangaiah VIT University, India

Shanchen Pang China University of Petroleum, China

Yin Shaoyi Paul Sabatier University, France

Hua Shen Hubei University of Technology, China

Meng Shen Beijing Institute of Technology, China

Huibin Shi Nanjing University of Aeronautics and

Astronautics, China

Liang Shi East China Normal University, China

Peichang Shi National University of Defense Technology,

China

Liang Song Xiamen University, China

Tao Song China University of Petroleum, China

Song Han Zhejiang Gongshang University, China

Riccardo Spolaor University of Oxford, UK

Chunhua Su Osaka University, Japan

Bingcai Sui National University of Defense Technology,

China

Nitin Sukhija Slippery Rock University of Pennsylvania, USA

Bing Sun Huaqiao University, China

Yu Sun Guangxi University, China



Organization xiii

Zeyu Sun Luoyang Institute of Science and Technology,

China

Zhixing Tan Tsinghua University, China

Bing Tang Hunan University of Science and Technology,

China

Mingdong Tang Guangdong University of Foreign Studies, China

Wenjuan Tang Hunan University, China

Ming Tao Dongguan University of Technology, China

Weitian Tong Georgia Southern University, USA

Asis Kumar Tripathy Vellore Institute of Technology, India

Xiaohan Tu Railway Police College, China

Baocang Wang Xidian University, China

Chaowei Wang Beijing University of Posts and

Telecommunications, China

Cheng Wang Huaqiao University, China

Chenyu Wang Beijing University of Posts and

Telecommunications, China

Feng Wang China University of Geosciences, China

Hui Wang South China Agricultural University, China

Jianfeng Wang Xidian University, China

Jin Wang Soochow University, China

Jing Wang Chang’an University, China

Lei Wang National University of Defense Technology,

China

Meihong Wang Xiamen University, China

Pengfei Wang Dalian University of Technology, China

Senzhang Wang Central South University, China

Tao Wang Minjiang University, China

Tian Wang Huaqiao University, China

Wei Wang Beijing Jiaotong University, China

Weizhe Wang Tianjin University, China

Xiaoliang Wang Hunan University of Science and Technology,

China

Xiaoyu Wang Soochow University, China

Yan Wang Xiamen University of Technology, China

Zhen Wang Shanghai University of Electric Power, China

Zhenzhong Wang Hong Kong Polytechnic University, China

Jizeng Wei Tianjin University, China

Wenting Wei Xidian University, China

Yu Wei Purdue University, USA

Cao Weipeng Shenzhen University, China

Weizhi Meng Technical University of Denmark, Denmark



xiv Organization

Sheng Wen Swinburne University of Technology, Australia

Stephan Wiefling Bonn-Rhein-Sieg University of Applied Sciences,

Germany

Di Wu Deakin University, Australia

Hejun Wu Sun Yat-sen University, China

Qianhong Wu Beihang University, China

Shangrui Wu Beijing Normal University, China

Xiaohe Wu Hunan University of Science and Technology,

China

Zhongbo Wu Hubei University of Arts and Science, China

Bin Xia Nanjing University of Posts and

Telecommunications, China

Guobao Xiao Minjiang University, China

Lijun Xiao Guangzhou College of Technology and Business,

China

Wenhui Xiao Central South University, China

Yalong Xiao Central South University, China

Han Xiaodong Minjiang University, China

Fenfang Xie Sun Yat-sen University, China

Guoqi Xie Hunan University, China

Mande Xie Zhejiang Gongshang University, China

Songyou Xie Hunan University, China

Xiaofei Xie Nanyang Technological University, Singapore

Yi Xie Sun Yat-sen University, China

Zhijun Xie Ningbo University, China

Peiyin Xiong Hunan University of Science and Technology,

China

Dejun Xu Xiamen University, China

Jianbo Xu Hunan University of Science and Technology,

China

Ming Xu Hangzhou Dianzi University, China

Wenzheng Xu Sichuan University, China

Zhiyu Xu NSCLab, Australia

Zichen Xu Nanchang University, China

Zisang Xu Changsha University of Science and Technology,

China

Xiaoming Xue City University of Hong Kong, China

Xingsi Xue Fujian University of Technology, China

Changcai Yang Fujian Agriculture and Forestry University, China

Chao-Tung Yang Tunghai University, Taiwan, China

Dingqi Yang University of Macau, China

Fan Yang Xiamen University, China

Fengxiang Yang Xiamen University, China



Organization xv

Guisong Yang University of Shanghai for Science and

Technology, China

Hao Yang Yancheng Teachers University, China

Hui Yang National University of Defense Technology,

China

Lan Yang Quanzhou University of Information Engineering,

China

Lvqing Yang Xiamen University, China

Mujun Yin Huaqiao University, China

Haitao Yu Guilin University of Technology, China

Sheng Yu Shaoguan University, China

Shuai Yu Sun Yat-sen University, China

Zhiyong Yu Fuzhou University, China

Liang Yuzhu Huaqiao University, China

Tao Zan Longyan University, China

Yingpei Zeng Hangzhou Dianzi University, China

Bingxue Zhang University of Shanghai for Science and

Technology, China

Bo Zhang Shanghai Normal University, China

Chongsheng Zhang Henan University, China, China

Haibo Zhang University of Otago, New Zealand

Hong-Bo Zhang Huaqiao University, China

Jia Zhang Jinan University, China

Jingwei Zhang Guilin University of Electronic Technology, China

Jun Zhang Dalian Maritime University, China

Mingwu Zhang Hubei University of Technology, China

Qiang Zhang Central South University, China

Shaobo Zhang Hunan University of Science and Technology,

China

Shengchuan Zhang Xiamen University, China

Shiwen Zhang Hunan University, China

Tianzhu Zhang Nokia Bell Labs, USA

Yi Zhang Xiamen University, China

Yilin Zhang Huaqiao University, China

Baokang Zhao National University of Defense Technology,

China

Bowen Zhao Singapore Management University, Singapore

Jinyuan Zhao Changsha Normal University, China

Liang Zhao Shenyang Aerospace University, China

Sha Zhao Zhejiang University, China

Wan-Lei Zhao Xiamen University, China

Yongxin Zhao East China Normal University, China



xvi Organization

Qun-Xiong Zheng Institute of Information Engineering, Chinese

Academy of Sciences, China

Ping Zhong Central South University, China

Binbin Zhou Zhejiang University City College, China

Qifeng Zhou Xiamen University, China

Teng Zhou Shantou University, China

Wei Zhou Guilin University of Electronic Technology, China

Xinyu Zhou Jiangxi Normal University, China

Haibin Zhu Nipissing University, Canada

Shunzhi Zhu Xiamen University of Technology, China

Weiping Zhu Wuhan University, China

Xiaoyu Zhu Central South University, China

Zhiliang Zhu East China Jiaotong University, China

Haodong Zou Beijing Normal University-Hong Kong Baptist

University United International College (UIC),

China

Yunkai Zou Nankai University, China

Reviewers

Yingzhe He

Zhiyu Wang

Wang Yin

Jingyi Cui

Xingda Liu

Guohua Xin

Zhangyan Yang

Yuexin Zhang

Chenkai Tan

Hongpeng Bai

Lixiao Gong

Xue Li

Wenqing Lei

Xue Hu

Meiqi Feng

Victor Chiang

Xin Ji

Pengqu Yan

Xinru Ding

Yumei Li

Haodong Zhang

Zhe Chen

Gang Shen

Hongfei Shao

Peifu Han

Xuefei Wang

Wen Dong

Zhengbo Han

Jincai Zhu

Chen Qi

Na Zhao

Bingxuan Li

Zhixiu Guo

Xu Wu

Yu Pen

Jian Yin

Xinjun Pei

Xiaoquan Zhang

Yihao Lin

Shiqiang Zheng

Huifang Zeng

Yixiang Hu

Xincao Xu

Jiahao Zhao

Lulu Cao

Jiahui Yu

Faquan Chen

Xue Zhai

Shihang Yu

Lei Huang

Shuqi Liu

Yawu Zhao

Feiyu Jin

Yunfeng Huang

Fei Zhu

Shengmin Xu

Yao Hu

Weijing You

Rui Liu

Fan Meng

Haiyuan Gui

Guangjing Huang

Qingze Fang

Hualing Ren

Ziya Chen

Ruixiang Luo

Wenxuan Wei

Zhiming Lin

Xin He

Guoyong Dai

Zhiyuan Wang

Yajing Xie



Organization xvii

Hanbin Hong

Min Wu

Siyao Chen

Kaiyue Zhang

Xiaohai Cai

Zhiwen Zhang

Tieqi Shou

Liqiang Xu

Chenhui Lu

Hang Zhu

Jiannan Gao

Hang Zhou

Haoyang An

Yang Liu

Peiwei Hu

Xiaotong Zhou

Qiang Tang

Chang Yue

Miaoqian Lin

Yudong Li

Zijing Ma

Zhankai Li

Chengyao Hua

Qingxuan Wang

Yi Wang

Mingyue Li

Songsong Zhang

Jingwei Jiang

Meijia Xu

Shuhong Hong

Anqi Yin

Shaoqiang Wu

Shuangjiao Zhai

Fei Ma

Shiya Peng

Kedong Xiu

Shengnan Zhao

Chuan Zhao

Bo Zhang

Baozhu Li

Ning Liu

Wang Yang

Xiaohui Yang

Zihao Dong

Sijie Niu

Kun Ma

Dianjie Lu

Ziqiang Yu

Lizhi Peng

Yilei Wang

Zhang Jing

Tian Jie

Jian Zhao

Hui Li

Yan Jiang

Minghao Zhao

Lei Lyu

Yanbin Han

Yanlin Wu

Lingang Huang

Mingwei Lin

Wenxiang Wang

Xinqiang Ye

Songyi Yang

Cancan Wang

Xingbao Zhang

Yafeng Sun

Li Lin

Jinxian Lei

Wentao Liu



Contents – Part II

Software Systems and Efficient Algorithms

The Design and Realization of a Novel Intelligent Drying Rack System

Based on STM32 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Shiwen Zhang, Wang Hu, Wei Liang, and Lei Liao

Efficient Estimation of Time-Dependent Shortest Paths Based on Shortcuts . . . . 18

Linbo Liao, Shipeng Yang, Yongxuan Lai, Wenhua Zeng, Fan Yang,

and Min Jiang

Multi-level PWB and PWC for Reducing TLB Miss Overheads on GPUs . . . . . . 33

Yang Lin, Dunbo Zhang, Chaoyang Jia, Qiong Wang, and Li Shen

Hybrid GA-SVR: An Effective Way to Predict Short-Term Traffic Flow . . . . . . . 53

Guanru Tan, Shiqiang Zheng, Boyu Huang, Zhihan Cui, Haowen Dou,

Xi Yang, and Teng Zhou

Parallel and Distributed Algorithms and Applications

MobiTrack: Mobile Crowdsensing-Based Object Tracking

with Min-Region and Max-Utility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

Wenqiang Li, Jun Tao, Zuyan Wang, YiFan Xu, Xiaolei Tang,

and YiChao Dong

Faulty Processor Identification for a Multiprocessor System Under

the PMC Model Using a Binary Grey Wolf Optimizer . . . . . . . . . . . . . . . . . . . . . . 81

Fulai Pan and Weixia Gui

Fast On-Road Object Detector on ROS-Based Mobile Robot . . . . . . . . . . . . . . . . . 96

Gang Wang, Qiudi Song, Tao Li, and Min Li

A Lightweight Asynchronous I/O System for Non-volatile Memory . . . . . . . . . . 108

Jiebin Luo, Weijie Zhang, Dingding Li, Haoyu Luo, and Deze Zeng

The Case for Disjoint Job Mapping on High-Radix Networked Parallel

Computers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

Yao Hu and Michihiro Koibuchi



xx Contents – Part II

FastCache: A Client-Side Cache with Variable-Position Merging Schema

in Network Storage System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144

Lin Qian, BaoLiu Ye, XiaoLiang Wang, Zhihao Qu, Weiguo Duan,

and Ming Zhao

An Efficient Parallelization Model for Sparse Non-negative Matrix

Factorization Using cuSPARSE Library on Multi-GPU Platform . . . . . . . . . . . . . 161

Hatem Moumni and Olfa Hamdi-Larbi

HaDPA: A Data-Partition Algorithm for Data Parallel Applications

on Heterogeneous HPC Platforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

Jingbo Li, Li Han, Yuqi Qu, and Xingjun Zhang

A NUMA-Aware Parallel Truss Decomposition Algorithm for Large Scale

Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193

Zhebin Mou, Nong Xiao, and Zhiguang Chen

Large-Scale Parallel Alignment Algorithm for SMRT Reads . . . . . . . . . . . . . . . . . 213

Zeyu Xia, Yingbo Cui, Ang Zhang, Peng Zhang, Sifan Long, Tao Tang,

Lin Peng, Chun Huang, Canqun Yang, and Xiangke Liao

Square Fractional Repetition Codes for Distributed Storage Systems . . . . . . . . . . 230

Bing Zhu, Shigeng Zhang, and Weiping Wang

An Anti-forensic Method Based on RS Coding and Distributed Storage . . . . . . . 240

Xuhang Jiang, Yujue Wang, Yong Ding, Hai Liang, Huiyong Wang,

and Zhenyu Li

Data Science

Predicting Consumers’ Coupon-usage in E-commerce with Capsule

Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257

Wenjun Jiang, Zhenqiong Tan, Jiawei He, Jifeng Zhang, Tian Wang,

and Shuhong Chen

A High-Availability K-modes Clustering Method Based on Differential

Privacy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274

Shaobo Zhang, Liujie Yuan, Yuxing Li, Wenli Chen, and Yifei Ding

A Strategy-based Optimization Algorithm to Design Codes for DNA Data

Storage System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284

Abdur Rasool, Qiang Qu, Qingshan Jiang, and Yang Wang

Multi-Relational Hierarchical Attention for Top-k Recommendation . . . . . . . . . . 300

Shiwen Yang, Jinghua Zhu, and Heran XI



Contents – Part II xxi

Edge Computing and Edge Intelligence

EdgeSP: Scalable Multi-device Parallel DNN Inference on Heterogeneous

Edge Clusters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 317

Zhipeng Gao, Shan Sun, Yinghan Zhang, Zijia Mo, and Chen Zhao

An Efficient Computation Offloading Strategy in Wireless Powered

Mobile-Edge Computing Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 334

Xiaobao Zhou, Jianqiang Hu, Mingfeng Liang, and Yang Liu

WiRD: Real-Time and Cross Domain Detection System on Edge Device . . . . . . 345

Qing Yang, Tianzhang Xing, Zhiping Jiang, Junfeng Wang, and Jingyi He

Deep Learning with Enhanced Convergence and Its Application in MEC

Task Offloading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 361

Zheng Wan, Xiaogang Dong, and Changshou Deng

Dynamic Offloading and Frequency Allocation for Internet of Vehicles

with Energy Harvesting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 376

Teng Ma, Xin Chen, Yan Liang, and Ying Chen

SPACE: Sparsity Propagation Based DCNN Training Accelerator on Edge . . . . . 391

Miao Wang, Zhen Chen, Chuxi Li, Zhao Yang, Lei Li, Meng Zhang,

and Shengbing Zhang

Worker Recruitment Based on Edge-Cloud Collaboration in Mobile

Crowdsensing System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 406

Jinghua Zhu, Yuanjing Li, Anqi Lu, and Heran Xi

Energy Efficient Deployment and Task Offloading for UAV-Assisted

Mobile Edge Computing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421

Yangguang Lu, Xin Chen, Fengjun Zhao, and Ying Chen

Blockchain Systems

Research on Authentication and Key Agreement Protocol of Smart

Medical Systems Based on Blockchain Technology . . . . . . . . . . . . . . . . . . . . . . . . 439

Xiaohe Wu, Jianbo Xu, W. Liang, and W. Jian

CRchain: An Efficient Certificate Revocation Scheme Based on Blockchain . . . 453

Xiaoxue Ge, Liming Wang, Wei An, Xiaojun Zhou, and Benyu Li

Anonymous Authentication Scheme Based on Trust and Blockchain

in VANETs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 473

Li Zhang and Jianbo Xu



xxii Contents – Part II

BIPP: Blockchain-Based Identity Privacy Protection Scheme in Internet

of Vehicles for Remote Anonymous Communication . . . . . . . . . . . . . . . . . . . . . . . 489

Hongyu Wu, Xiaoning Feng, Guobin Kan, and Xiaoshu Jiang

Deep Learning Models and Applications

Self-adapted Frame Selection Module: Refine the Input Strategy for Video

Saliency Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509

Shangrui Wu, Yang Wang, Tian Wang, Weijia Jia, and Ruitao Xie

Evolving Deep Parallel Neural Networks for Multi-Task Learning . . . . . . . . . . . . 517

Jie Wu and Yanan Sun

An Embedding Carrier-Free Steganography Method Based on Wasserstein

GAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 532

Xi Yu, Jianming Cui, and Ming Liu

Design of Face Detection Algorithm Accelerator Based on Vitis . . . . . . . . . . . . . . 546

Jie Wang, Ao Gao, and Jingxin Li

FSAFA-stacking2: An Effective Ensemble Learning Model for Intrusion

Detection with Firefly Algorithm Based Feature Selection . . . . . . . . . . . . . . . . . . . 555

Guo Chen, Junyao Zheng, Shijun Yang, Jieying Zhou, and Weigang Wu

Attention-Based Cross-Domain Gesture Recognition Using WiFi Channel

State Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 571

Hao Hong, Baoqi Huang, Yu Gu, and Bing Jia

Font Transfer Based on Parallel Auto-encoder for Glyph Perturbation

via Strokes Moving . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 586

Chen Wang, Yani Zhu, Zhangyi Shen, Dong Wang, Guohua Wu,

and Ye Yao

A Novel GNN Model for Fraud Detection in Online Trading Activities . . . . . . . . 603

Jing Long, Fei Fang, and Haibo Luo

IoT

Non-interactive Zero Knowledge Proof Based Access Control

in Information-Centric Internet of Things . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 617

Han Liu and Dezhi Han

Simultaneous Charger Placement and Power Scheduling for On-Demand

Provisioning of RF Wireless Charging Service . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 632

Huatong Jiang, Yanjun Li, and Meihui Gao



Contents – Part II xxiii

A Cross-domain Authentication Scheme Based on Zero-Knowledge Proof . . . . . 647

Ruizhong Du, Xiaoya Li, and Yan Liu

NBUFlow: A Dataflow Based Universal Task Orchestration

and Offloading Platform for Low-Cost Development of IoT Systems

with Cloud-Edge-Device Collaborative Computing . . . . . . . . . . . . . . . . . . . . . . . . . 665

Lei Wang, Haiming Chen, and Wei Qin

IoT-GAN: Anomaly Detection for Time Series in IoT Based on Generative

Adversarial Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 682

Xiaofei Chen, Shuo Zhang, Qiao Jiang, Jiayuan Chen, Hejiao Huang,

and Chonglin Gu

Freshness and Power Balancing Scheduling for Cooperative

Vehicle-Infrastructure System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 695

Qian Qiu, Liang Dai, and Guiping Wang

A Low Energy Consumption and Low Delay MAC Protocol Based

on Receiver Initiation and Capture Effect in 5G IoT . . . . . . . . . . . . . . . . . . . . . . . . 709

Hua-Mei Qi, Jia-Qi Chen, Zheng-Yi Yuan, and Lin-Lin Fan

Building Portable ECG Classification Model with Cross-Dimension

Knowledge Distillation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 724

Renjie Tang, Junbo Qian, Jiahui Jin, and Junzhou Luo

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 739


