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Abstract—Economic growth, people’s health, and urban de-
velopment face challenges in the post-epidemic era. How to pro-
mote high-quality and sustainable urban development, improve
citizens’ sense of happiness, and solve problems in city man-
agement have become a heated and crucial topic. Mathematical
modeling is a research method that uses mathematical symbols
to express practical problems, establish mathematical models,
and then propose solutions. The 1st IEEE UV2022 Mathematical
Modelling Competition is a satellite activity of the 6th IEEE
International Conference on Universal Village, which expects
participants to use mathematical modeling methods for practical
problems and provide guidelines for sustainable social progress.
This short paper introduces the background of the competition
and publishes the problems to be solved.

Keywords—Post-epidemic, urban development, UV2022, mathe-
matical modeling.

I. INTRODUCTION

Our current world is more complex than ever: emerging
technologies continue to develop, providing a solid foundation
for stronger growth while changing people’s lifestyles; the
pandemic has had a huge impact on economics [1], education
[2], lifestyle [3] resident education and adaptations [4], and
structural vulnerabilities and dynamic inequalities have been
enhanced [5]; the post-pandemic era economic recovery has
not yet begun, but health risks have just emerged; the energy
crisis continues to affect supply chain security [6]; at the
same time, different countries face different opportunities
and problems due to their cultural traditions, development
processes, and geopolitics. We hope to express these complex
situations simply and abstractly. We hope to provide inspiring
ideas from macro policies to specific issues. We hope to see
effective, practical, comprehensive, and innovative solutions.

Universal Village is a new concept proposed by MIT’s Uni-
versal Village Program, which advocates promoting harmony
between man and nature through the prudent use of technology
and addressing the environmental challenges brought about
by rapid urbanization [7]. It is also the original intention
of the UV conference series to comprehensively use various
technologies to achieve the goal of an ideal society. The 6th

IEEE International Conference on Universal Village (UV2022)
features the theme of “Post-Pandemic Reflection on Health,
Harmony, and Sustainability: Mobility and Virtual Connection;
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Diversity and System Efficiency; Responsiveness and Re-
silience; Inclusiveness and Integration,” focuses on significant
topics in the post-pandemic era.

As a satellite activity of IEEE UV2022, the 1st IEEE
UV2022 Mathematical Modelling Competition is held to use
mathematical modeling methods for practical problems to be
solved. The availability of fast and powerful computers has
made it possible to mathematize complex problems in industry
and commerce [8] and solve them better. Common mathe-
matical modeling problems include optimization, evaluation,
prediction, etc.; the commonly used methods include integer
programming, linear programming, nonlinear programming,
graph theory, analytic hierarchy process, regression prediction,
principal component analysis, etc.

This short paper officially publishes the problems of the
1st IEEE UV2022 Mathematical Modelling Competition. Par-
ticipants should choose one problem, carefully analyze the
competition problems, understand the relevant background,
search and organize related material, build mathematical mod-
els, write programs to solve the models, and complete report
writing. The paper needs to contain the abstract, the introduc-
tion/background, the problem statement, details of models and
algorithms, the sensitivity analysis, strengths and weaknesses,
and the conclusion.

II. PROBLEM A: SMART CITY DEVELOPMENT INDEX

A. Background

The world population living in urban areas will increase to
66% by 2030, according to UN [9]. The level of city develop-
ment is directly related to the quality of human life. The Smart
City is an evolving concept about improving the function of
cities using information and communication technologies [10].
As the increasing population, pollution, congestion, resource
usage, and increasingly stricter energy and environmental
requirements continue to affect life qualities [11], smart cities
nowadays should be able to apply new technologies to solve
or alleviate these problems.

A fair, reasonable, and comprehensive city development
evaluation index can help compare different cities’ situations
and guide today’s urban construction.

Take Hangzhou as an example, in 2016, Hangzhou created
the first ”city brain” in China. Driven by this, the pace of
Hangzhou’s exploration of urban digital construction has been
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accelerating. At the city-wide digital economy high-quality
development conference held in September 2022, Hangzhou
proposed to build the city with the highest digital economy
development level in China. Similarly, facing the difficulties of
urban operation and management, Harbin is constantly deepen-
ing and expanding smart application scenarios, realizing smart
governance of the city through innovation and deepening the
construction of smart applications.

The evaluation should be done in the following aspects,
which are known as UV subsystems.

• Smart Home and Community
• Smart Medicine and Healthcare [12]
• ITS, Urban Planning and Crowd Management [13]
• Smart Energy Management [14]
• Smart City Infrastructure [15]
• Smart Response System for City Emergency [14]
• Smart Environmental Protection [16]
• Smart Humanity [17]
Problem A focuses on building an index for smart city

development evaluation and applying this index to Hangzhou
and Harbin.

B. Tasks

1) Task 1:
Define a ”Smart City Development Index” as a metric to

measure the success of smart city development. We encourage
the participant to consider all eight UV subsystems in the
index.

2) Task 2:
Research the recent development of Hangzhou and Harbin.

Use the proposed metric to evaluate the development level for
these two cities.

3) Task 3:
Choose a city in a country other than China and research

the recent development. Use the proposed metric to evaluate
the development level of this city.

4) Task 4:
Predict the future change in each subsystem in the next ten

years. Predict the future change in Hangzhou and Harbin’s
proposed ”Smart City Development Index” value in the next
ten years.

5) Task 5:
Based on situations in Hangzhou and Harbin, make devel-

opment proposals and formulate plans for these two cities.

C. Possible Useful Links

1) Hangzhou Statistical Yearbook:
http://tjj.hangzhou.gov.cn/col/col1229453592/index.html

2) Harbin Statistical Yearbook:
http://harbin.gov.cn/col/col39/index.html

III. PROBLEM B: VACCINE ALLOCATION

A. Background

The pandemic in the past three years has brought huge
disasters to human beings and changed people’s way of life.

The emergence of the Omicron variant of SARS-CoV-2 last
winter made the epidemic spread more quickly. Vaccines,
which have saved tens of millions of lives globally [18],
remains the most important method for controlling COVID-19
and shifting the pandemic to the next phase [19].

With the change in China’s pandemic control policies, it
is more important to promote vaccination, especially among
the elderly. To facilitate vaccinating citizens, we expect to
open more vaccination points in central hospitals, community
hospitals, and health centers. However, due to the cost of
vaccine transportation and storage, we must consider how to
distribute vaccines to central hospitals, community hospitals,
and health centers.

Problem B focuses on designing a reasonable vaccine allo-
cation plan to ensure the vaccination demand and consider the
cost issue.

B. Tasks

1) Task 1:
Predict and visualize national daily vaccination numbers for

the next three months.
2) Task 2:
Considering the number of nearby residents, transportation

convenience, number of medical staff, vaccine storage and
transportation costs, and avoiding excessive gathering of peo-
ple during vaccination, design a vaccine allocation plan for
central hospitals, community hospitals, and health centers.

3) Task 3:
Taking Hangzhou Gongshu District and Harbin Daoli Dis-

trict as examples, calculate the number or proportion of
vaccines distributed by central hospitals, community hospitals,
and health centers in the two districts.

4) Task 4:
Briefly write a note on vaccine allocation (e.g., prioritizing

the elderly, etc.)

C. Possible Useful Links

1) National COVID-19 vaccination status:
http://www.nhc.gov.cn/xcs/yqjzqk/list gzbd.shtml

IV. PROBLEM C: LINKNYC IN CHINA

A. Background

In 2016, the New York City government and Google-backed
CityBridge jointly launched and built a public communication
project - LinkNYC, to redesign telecommunication to activate
the ”Twenty-First-Century Creative City” [20]. It appears as
kiosks on New York streets where people can get free Wi-Fi,
charge their phones, use city services and maps for directions,
and make free calls within the U.S. and to emergency calls. It
is 10 feet tall and is equipped with displays, cameras, tablets,
speakers, microphones, and sensors. The original intention of
creating LinkNYC was to make the city better meet the needs
of citizens.



Fig. 1. LinkNYC’s kiosks, the figure is from [21]. The
functions include: 1) using personal devices to connect to
LinkNYC’s super free Wi-Fi 2) getting access to city services,
maps, and directions from the tablet; 3) making free phone
calls anywhere in the U.S, using the tablet or the tactile
keypad and microphone, plugging in personal headphones for
more privacy; 4) using the dedicated red 911 button in the
event of an emergency; 5) charging your device in a power-
only USB port; 6) enjoying more room on the sidewalk with
Link’s sleek, ADA-compliant design; 7) viewing public service
announcements and more relevant advertising on two 55” HD
displays

Problem C focuses on estimating how many such kiosks are
needed in a city. Also, it is expected to design a sustainable
profit model.

B. Tasks

1) Task 1:
If we introduce the LinkNYC to China and build infor-

mation kiosks in Hangzhou and Harbin, approximately how
many information kiosks need to be built to meet the needs
of citizens and avoid the waste of resources? Please estimate
the number of kiosks needed in each district of Hangzhou and
Harbin.

2) Task 2:
Please design the functions included in the kiosk introduced

in China. We hope that the information kiosk includes as
many free convenience functions as possible and brings profits
through commercial models such as advertisements and some
paid functions. Please create a profit model to illustrate.

3) Task 3:

Please specify the upper time limit for each user to use the
kiosk so that everyone can fully use the service and avoid
others waiting for a long time.

4) Task4:
Please give your suggestions on promoting this information

kiosk in Chinese cities.

C. Possible Useful Links

1) Official Site of LinkNYC:
https://www.link.nyc/

V. CONCLUSION

This paper introduces the background and problems of the
1st IEEE UV2022 Mathematical Modelling Competition, a
satellite activity of the 6th IEEE International Conference on
Universal Village. The competition aims to call for solutions
based on mathematical modeling methods for real-world prob-
lems. The problems are the smart city development index
design, the vaccine allocation problem, and the introduction of
LinkNYC kiosks to China. Participants are expected to choose
one problem, according to the background and each task, then
do the analysis, modeling, programming, and writing.
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