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Identifying epidemic spreading dynamics of COVID-19
by pseudocoevolutionary simulated annealing optimizers

Choujun Zhan' - Yufan Zheng2 + Zhikang Lai® - Tianyong Hao' - Bing L?
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Abstract

At the end of 2019, a new comnavimus (COVID-19) epidemic has triggered global public health concern. Here, a model
mtegrating the daily mtercity migration network, which constructed from real-world migration records and the Suscep-
tible=Exposed-Infected—Remaved model, is utilized to predict the epidemic spreading of the COVID-19 in more than 300
cities in China. However, the model has more than 1800 unknown parameters, which is a challenging task to estimate all
unknown parameters from historical data within a reasonable computation time. In this article, we proposed a pseudo-
coevolutionary simulated annealing (SA) algorithm for identifying these unknown parameters. The large volume of
unknown parameters of this model 1s optimized through three procedures co-adapted SA-based oplimization processes,
respectively. Our results confirm that the proposed method is both efficient and robust. Then, we use the identified model to
predict the trends of the epidemic spreading of the COVID-19 in these cities. We find that the number of infections in most
cities in China has reached their peak from February 29, 2020, to March 15, 2020. For most cities outside Hubei province,
the total number of infected individuals would be less than 100, while for most cities in Hubei province (exclude Wuhan),
the total number of mfected individuals would be less than 3000.

Keywords COWVID-19 - Epidemic spreading - Evolutionary computation - Complex network - Prediction

1 Introduction time [2]. In 1918, Spanish influenza, which initially out-

breaks within the ULS. military, eventually swept the world,

Infectious diseases have been raging in the world many
times in history. For example, the Black Death (also known
as the Pestilence) in the fourteenth century lasted for 30
years in Europe, with more than 25 million deaths,
accounting for about 1/3 of the European population at that

This paper is an updated version of a preprint uploaded on
Feb 20, 2020, to medRxiv.org (doi: 2020.02. 18 20024570)
[11.
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mnfected nearly 600 million people. and caused about 40-50
million death [3]. In 2003, SARS, with a faulity rate of
11%., spread from Guangdong Province to the whole
country, bringing huge losses to China’s national economy
[4]. In 2009, the HINI flu outbreak spread to 214 countries
and regions, causing 1, 220 deaths in a few months [5]. In
2014, the outbreak of the Ebola epidemic resulted in
28,637 infections and 11,315 deaths. At the end of 2019, a
highly contagious disease, which is caused by infection of
the SARS-CoV-2 virus and named the 2019 Comonavirus
Disease (COVID-19), broke out and caused millions of
infections [6, 7]. The spreading trends of the COVID-19,
mcluding when the peaks would occur, how many people
would eventually be infected, the final infection rate of the
population of each city, and which cities would run the risk
of being out of control, are the core questions that need to
be answered.

Scholars from various disciplines have participated in
the research on epidemic transmission and control. The
epidemic spreading model can be traced back to the

@ Springer
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Neural Computing and Applications (2020) 32:13491-13504
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Analysis of collective action propagation with multiple recurrences

Choujun Zhan' - Fujian Wu? - Zhenhua Huang' - Wei Jiang? - Qizhi Zhang'

Received: 21 August 2019/ Accepted: 23 January 2020/ Published online: 3 February 2020

@ Springer-Verlag London Ltd., part of Springer Nature 2020

Abstract

Collective action propagation. which can be as large as billions of people adopting Facebook or as small as a few
researchers citing a paper, exists in various real-life scenarios. Here, we perform a large-scale investigation of collective
action propagation with “recurrence™ phenomena. We consider actions that propagate in a social network with multiple
communities and find the growth in the propagation breadth of collective action can be explained by a simple mathematical
model with an analytical solution. We use datasets on the growth of total views of TED and YouTube videos, the prize pool
of Dota 2 tournaments, and a total gross of movies to investigate collective action propagation with recurrence phenomena.
Experimental results reveal that our model can capture universal features of collective action propagation, validating the
idea that collective action propagation with recumrence results from an action being transmitted from communities to

communities.

Keywords Collective action propagation - Recumrence and burst - Complex network - Crowdfunding - Online content

1 Introduction

Information-sharing and idea-sharing are the primary
mechanisms by which modes and actions propagate
through a social network to reach the public. In modern
society, with the rise of new communication technologies,
connections between individuals are becoming rcher,
stronger, and more complex, making it much easier for
information and ideas to be shared and propagated through
a community. Additionally, the propagation of information
and ideas strongly influences audiences’ modes of feeling
and thought, even leading to millions of people deciding to
take a particular action, such as buy a product, watch a
movie, click a “like” button, etc. Ultimately, collective

B Qizhi Zhang
zhanggizhi@m.scnuedu.cn
Choujun Zhan
zchoujun2-c@my.cityu.edu hk
Zhenhua Hoang
huangzhenhua@m scnuedu.cn

School of Computer. South China Normal University,
Guangzhou, China

= School of Electrical and Computer Engineering, Nanfang
College of Sun Yat-Sen University, Guangzhou, China

action can be ignited, resulting in propagation on an almost
unprecedented scale. For instance, people may share a new
song, movie, or book with friends, and those friends, in
turn, reshare it with their fiends. Then, this work of an
attracts an audience of millions and leads to action prop-
agation. Research on the propagation of information, ideas,
and action is a focus of many disciplines. A vast amount of
literature on this topic has been produced by scholars
during the last decade. Pioneering scholars from dispamate
academic disciplines have investigated collective action
propagation and have advanced various terms for describ-
ing the same or similar propagation phenomena, e.g.,
rumor spreading and epidemic spreading [1]. massive
human phenomenon [2-3], social influence [6, 7], popu-
larity of online content [8—10], innovation diffusion of new
technologies and products, viral marketing, and business
growth [11, 12]. In this paper, we will collectively refer to
the phenomena described by these terms as “‘collective
action propagation.”

Revealing the fundamental laws of action propagation is
crucial to understand the longevity of action and achieve a
more comprehensive view of how an action propagates in
social and online networks. Additionally, it is essential to
construct a model that both describes and predicts propa-
gation breadth, which indicates the number of individuals
adopting an action in a collective action propagation

@ Springer
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	5.12019年广州市科学研究一般项目：抗再生拷贝半脆弱信息隐藏关键技术研究
	5.22019年广州市科学研究一般项目：基于社会网络的自媒体平台信息传播模型的建立与评估
	5.1-5.2佐证材料为同为下图：
	5.32018年广州市科学研究一般项目：基于学术大数据的多维度科研文献图谱研究
	5.42018年广州市科学研究一般项目：突发环境事件新型应急无线网络关键技术研究
	5.52020年广东省重大项目——青年创新人才类（自然科学）：基于虚拟仿真模型及云平台的电气工程综合实训系
	5.62020年广东省重大项目——特色创新类（自然科学）：面向数字媒体的互联网+数字水印关键技术研究与应用
	5.72020年广东省重大项目——特色创新类（自然科学）：基于基片集成波导双频天线的理论设计与技术研究
	5.6-5.7佐证材料为同为下图：
	5.92019年广东省重大项目——特色创新类（自然科学）：应用智能编码技术建构超高速光纤网络
	5.102018年：广东省重大项目——特色创新类（自然科学）：压缩域数字图像验证技术研究
	5.112018年广东省重大项目——青年创新人才类（自然科学）：基于多智能体的智能视觉监控系统技术研究
	5.122019年国家级大学生创新创业训练项目：基于 ARM 的无线数据传输病房监护系统    
	5.132019年国家级大学生创新创业训练项目：彩色图像安全性认证与重建技术之研究
	5.142019年国家级大学生创新创业训练项目：基于射频技术的物流终端自动拣货机器人设计与实现
	5.12-5.14佐证材料为同为下图：
	5.152018年国家级大学生创新创业训练项目：“教学小助手”-基于移动互联网的教学助手
	5.162018年国家级大学生创新创业训练项目：智能商标防伪防盗系统
	5.172018年国家级大学生创新创业训练项目：基于AMBTC信息隐藏的差分优化方法
	5.182018年国家级大学生创新创业训练项目：基于大数据的自媒体视频平台深层价值挖掘   
	5.15-5.18佐证材料为同为下图：
	5.192017年国家级大学生创新创业训练项目：基于云技术及计算机视觉的老人监控系统
	5.202017年国家级大学生创新创业训练项目：基于仿生学的“向日葵”式家庭光伏发电系统  
	5.19-5.20佐证材料为同为下图：
	5.212019年广东省大学生科技创新培育项目（攀登计划）：基于去马赛克图像的篡改监测与修复技术之研究
	5.222019年广东省大学生科技创新培育项目（攀登计划）：基于VR/AR技术的电力系统方针互动应用
	5.232019年广东省大学生科技创新培育项目（攀登计划）：基于机器视觉的医院导诊服务系统  
	5.21-5.23证材料为同为下图：
	5.242018年广东省大学生科技创新培育项目（攀登计划）：助残家庭语音控制系统
	5.252018年广东省大学生科技创新培育项目（攀登计划）：一种携带多类型传感器的新型无人机
	5.262018年广东省大学生科技创新培育项目（攀登计划）：基于物联网的智能空气监测预警系统
	5.272018年广东省大学生科技创新培育项目（攀登计划）：多旋翼无人机智能投送系统关键技术研究
	5.282018年广东省大学生科技创新培育项目（攀登计划）：抗打印扫描信息隐藏技术研究
	5.24-5.28佐证材料为同为下图：
	5.292017年广东省大学生科技创新培育项目（攀登计划）：迎宾机器人
	5.302017年广东省大学生科技创新培育项目（攀登计划）：智能摄像机安装调试助手
	5.29-5.30佐证材料为同为下图：
	5.312019年中国大学生计算机设计大赛国家级二等奖：基于VR的电力仿真
	5.322019年大学生电子设计大赛广东省赛区三等奖：雷洪明、谢捷、谭伟志、赵爽量等9人
	5.332019年第十五届“挑战杯”广东大学生课外学术科技作品赛省级三等奖：一种基于无人机的多传感器环境监测
	5.342019年第十五届“挑战杯”广东大学生课外学术科技作品赛省级三等奖：基于VR技术的电气仿真系统
	5.352019年第十届“蓝桥杯”全国软件和信息技术专业人才大赛国家级三等奖：黄杨耿
	5.362019年全国高校团体程序设计天梯赛：南方第3队获得省级一等奖
	5.372018年西门子杯”中国智能制造挑战赛全国总决赛国家级特等奖
	5.382018年第五届全国高校物联网应用创新大赛省级二等奖：钟嗣东、祝文坚
	5.392018年泛珠三角+大学生计算机作品赛省级二等奖：基于多类型传感器无人机的环境监测平台（陈鹏辉等）
	5.402018年泛珠三角+大学生计算机作品赛省级二等奖：基于机器视觉的空气质量移动监测系统 （陈焕廷等）
	5.412017年第十四届“挑战杯”广东大学生课外学术科技作品赛省级三等奖：室内智能医疗移动云监护系统设计（
	5.422017年中国大学生计算机设计大赛国家级二等奖：基于PHP响应式校园书籍交易平台（蔡培德等）
	5.43学术论文：Identifying epidemic spreading dynamics of CO
	5.44学术论文：Analysis of collective action propagation wit
	5.45学术论文：Joint Image Coding and Lossless Data Hiding i
	5.46学术论文：Applying Stationary Wavelet Transform for Loc
	5.47发明专利：一种基于人脸识别的安防监控方法及系统（2019年授权）
	5.48实用新型专利：一种搭载摄像头和采集设备的空气质量移动检测车（2019年授权）
	5.49实用新型专利：一种移动监控系统（第2、3作者为本科生）
	5.50软件著作权：基于RFID定位与人数识别的医院导诊服务系统（第2、3、4、5作者为本科生）
	5.51李克强总理体验我院毕业生创业产品

