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Mathematical Modelling is … 數學建模是 ...
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Understanding a real-world 

problem using mathematics

用數學了解現實生活問題



Short answer: Everything is possible!

簡短答案：一切皆有可能！
• Algebra 代數
• Geometry 幾何
• Probability and statistics 概率與統計
• Calculus and optimization 微積分與最佳化
• …

However 然而:

• The key is to have a mathematical mindset 關鍵在於擁有數學思維
• Suitably transform the real-world problem into a math problem that we know 

how to solve 適當地將現實世界問題轉化為我們懂得求解的數學問題
• Complicated model ≠ better model!

複雜的模型 ≠ 更好的模型！

What Mathematical Concepts may be involved in Mathematical 

Modelling? 數學建模會用到甚麼數學概念？
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Algebra 代數:

• Solving equations 解方程

• Variations

• Direct Variation 正變  𝑦 ∝ 𝑥,  e.g. 𝑦 = 3𝑥

• Inverse Variation 反變  𝑦 ∝
1

𝑥
,   e.g. 𝑦 =

2

𝑥

• Joint Variation 聯變,       e.g. 𝑦 =
𝑥

𝑧2

• Partial Variation 部分變, e.g. 𝑦 = 𝑘1𝑥 + 𝑘2𝑧3

What Mathematical Concepts may be involved in Mathematical 

Modelling? 數學建模會用到甚麼數學概念？
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Modelling with functions 使用函數建模
• Linear 線性函數

𝑦 = 𝑎𝑥 + 𝑏

• Polynomial 多項式函數
𝑦 = 𝑎𝑛𝑥𝑛 + 𝑎𝑛−1𝑥𝑛−1 + ⋯ + 𝑎0

• Exponential 指數函數 

𝑦 = 𝑎𝑏𝑥

• Logarithmic 對數函數
𝑦 = 𝑎 + 𝑏 log 𝑥

• Power model 冪模型
𝑦 = 𝑎𝑥𝑏

• …

What Mathematical Concepts may be involved in Mathematical 

Modelling? 數學建模會用到甚麼數學概念？
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Geometry幾何:

• Geometric measurements

幾何測量
• Length 長度
• Area 面積
• Volume 體積

• Deductive geometry 演繹幾何
• Coordinate geometry 座標幾何

• Equation of straight lines 直線方程
• Distance formula 距離公式

• Trigonometry 三角函數
• sin 𝑥, cos 𝑥, …

What Mathematical Concepts may be involved in Mathematical 

Modelling? 數學建模會用到甚麼數學概念？

6D’Arcy Thompson, On Growth and Form (1917)



Probability and Statistics 機率與統計:

• Randomness 隨機性
• Statistical analysis 統計分析

More advanced techniques 更進階的技巧: 

• Calculus 微積分
• Optimization 最優化
• …
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What Mathematical Concepts may be involved in Mathematical 

Modelling? 數學建模會用到甚麼數學概念？

Susceptible

Infectious

Recovered/Removed



More Examples of Mathematical Modelling

更多數學建模的例子

8



9

Example: Estimating the Percentage of Electric Vehicles among All Cars in Hong Kong in 2030 

估算在2030年香港電動車佔所有車輛的百分比

Past MMCSS competition problem (2023/24 Junior)

以往MMCSS比賽題目（2023/24年初中組）



1. Analyzing the real-world problem 分析現實世界問題:

• Hong Kong Climate Action Plan 2050 

香港氣候行動藍圖2050 
• Net-zero electricity generation 淨零發電
• Energy saving and green buildings 節能綠建
• Green transport 綠色運輸
• Waste reduction 全民減廢

• Need to promote zero carbon emissions transport 

需要推廣零碳排放交通

• How can we analyze the percentage of electric vehicles 

among all cars in Hong Kong?

如何分析香港所有汽車中電動車的比例？
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Source: Environmental Protection 

Department

Example: Estimating the Percentage of Electric Vehicles among All Cars in Hong Kong in 2030 

估算在2030年香港電動車佔所有車輛的百分比



2. Formulating the mathematical model 建立數學模型:

• Factors 影響因素 : 
• Number of electric vehicles 電動車數量
• Number of total vehicles 車輛總數

• Assumption 假設:
• Current policies (first registration tax, electric vehicle subsidy scheme)

現行政策（首次登記稅、電動車補貼計畫）
• Technological development 技術發展

• Relevant data 相關數據 :
• Transport Department 運輸署

https://www.td.gov.hk/en/transport_in_hong_kong/transport_figures/monthly_traffic_and_transport_digest/index.html

• Environmental Protection Department 環保署
https://www.epd.gov.hk/epd/english/environmentinhk/air/promotion_ev/promotion_ev.html

• Develop a mathematical model 建立數學模型
• Linear/nonlinear regression model in year 基於年份的線性/非線性迴歸模型
• Regression model on various factors 基於各種因素的迴歸模型
• Probabilistic model of switching to EV 電動車轉換機率模型
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Data from Environmental Protection Department

https://www.epd.gov.hk/epd/english/top.html

Example: Estimating the Percentage of Electric Vehicles among All Cars in Hong Kong in 2030 

估算在2030年香港電動車佔所有車輛的百分比

https://www.td.gov.hk/en/transport_in_hong_kong/transport_figures/monthly_traffic_and_transport_digest/index.html
https://www.epd.gov.hk/epd/english/environmentinhk/air/promotion_ev/promotion_ev.html
https://www.epd.gov.hk/epd/english/top.html


3. Solving the mathematical model: 

    求解數學模型：

• Find the best-fit parameters using the 

given data and IT tools

利用給定資料及 IT 工具找出最佳擬合參數

4. Interpreting the mathematical solution: 

    解釋數學模型的解：

• Is the result increasing/decreasing? 增加還是減少？
• Imply the trend of EV percentage 體現了電動車佔比的趨勢

• Any sharp changes in the value? 數值是否存在劇烈變化？
• Imply some rapid change in certain years 

顯示某些年份的快速變化
• Align with technology/policy change?

是否與技術/政策變化相符？
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Example: Estimating the Percentage of Electric Vehicles among All Cars in Hong Kong in 2030 

估算在2030年香港電動車佔所有車輛的百分比



5. Evaluating the mathematical model:

    評估數學模型：

• Test the model with other data 

使用其他數據測試模型
• Data for some other years 使用其他年份的數據
• Comparing with data for other economies with 

similar car targets 

• 與具有類似目標的其他經濟體的數據進行比較

• Refining the model 改進模型:
• Use different models for different factors (total 

number of cars, number of electric vehicles, 

electric vehicle price, etc.) 

針對不同因素（汽車總數、電動車數量、電動車價
格等）使用不同的模型

• Consider different year periods based on policy 

change 考慮基於政策變動的不同年份週期 13

Data from Environmental Protection Department

https://www.epd.gov.hk/epd/english/top.html

Example: Estimating the Percentage of Electric Vehicles among All Cars in Hong Kong in 2030 

估算在2030年香港電動車佔所有車輛的百分比

https://www.epd.gov.hk/epd/english/top.html


Past MMCSS competition problem (2023/24 Senior)

以往MMCSS比賽題目（2023/24年高中組）
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Example: Estimating the Carbon Emissions of Hong Kong in 2030

估算香港在2030年的碳排放量



1. Analyzing the real-world problem: 

   分析現實世界問題

• Understanding carbon emissions is crucial for 

creating effective environmental policies and 

meeting sustainability goals  

理解碳排放對於制定有效的環境政策和實現可持續發展目標至關重要

• The Paris Agreement in December 2015  

2015年12月的巴黎協定

• How can we estimate the carbon emissions of Hong Kong for reviewing 

climate change efforts? 

我們如何估計香港的碳排放，以檢討應對氣候變化工作？
15

Example: Estimating the Carbon Emissions of Hong Kong in 2030

估算香港在2030年的碳排放量



https://data.gov.hk/

https://ourworldindata.org/

2. Formulating the mathematical model 建立數學模型:
• Assume that the carbon emission 𝑦 is a function of the year 𝑥
假設碳排放量 𝑦 是年份 𝑥 的函數

• Assume the carbon emission depends certain factors, e.g.

假設碳排放量取決於某些因素，例如：
• Population change 人口變化
• New technologies 新技術
• International agreement (Paris Agreement) 國際協議（巴黎協定）

• Relevant data相關數據：
• DATA.GOV.HK香港政府開放數據平台 https://data.gov.hk/

• Our World in Data https://ourworldindata.org/

• Develop a mathematical model 建立數學模型
• Linear/nonlinear regression model in year關於年份的線性/非線性迴歸模型
• Regression model on various sources of carbon emission關於各種碳排放源的迴歸模型
• Probabilistic model (e.g. on weather)機率模型（例如，關於天氣的機率模型）
• … 16

Example: Estimating the Carbon Emissions of Hong Kong in 2030

估算香港在2030年的碳排放量

https://data.gov.hk/
https://ourworldindata.org/


3. Solving the mathematical model: 

    求解數學模型：

• Find the best-fit parameters using the given data and 

IT tools

利用給定資料及 IT 工具找出最佳擬合參數

4. Interpreting the mathematical solution: 

    解釋數學模型的解：

• Is the result increasing/decreasing?增加還是減少？
• Imply the trend of carbon emission體現了碳排放的趨勢

• Any sharp changes in the value? 數值是否存在劇烈變化？
• Imply some rapid change in certain years 

顯示某些年份的快速變化
• Align with technology/policy change?

是否與技術/政策變化相符？
17

Example: Estimating the Carbon Emissions of Hong Kong in 2030

估算香港在2030年的碳排放量



5. Evaluating the mathematical model:

    評估數學模型：

• Test the model with other data 使用其他數據測試模型
• Data for different years, e.g. 

使用不同年份的數據，例如：
• Use 1990-2020 for model construction

使用 1990-2020 年的數據建立模型
• Test it using data in 2021-2024

使用 2021-2024 年的數據測試模型
• Comparing with data for other cities 與其他城市數據比較

• Refining the model 改進模型：
• Use other models 使用其他模型
• Analyze the carbon emission by different sectors (e.g. household, transportation, 

industry, …) 分析不同類別（如家居、交通、工業等）的碳排放量
• Consider different year periods using different models (e.g. before/after the Paris 

Agreement) 使用不同的模型考慮不同的年份時期（例如《巴黎協定》簽署前後）
18

Example: Estimating the Carbon Emissions of Hong Kong in 2030

估算香港在2030年的碳排放量



Example: Modelling the Shape of Eggs 蛋形狀的數學建模

Real-world problem 現實生活問題:

• There is a large variation in egg 

sizes and shapes in nature

自然界中蛋的大小和形狀差異很大

• Are the size and shape of eggs 

related to the features of the birds 

(body size, flying ability etc.)?

蛋的大小和形狀是否與鳥類的特徵
（體型、飛行能力等）有關？

19Source: Stoddard et al., “Avian egg shape: Form, function, and evolution”, Science (2017)



Example: Modelling the Shape of Eggs 蛋形狀的數學建模

Mathematical problem 數學問題:

• How to represent the egg 

shapes? 如何表示蛋的形狀？
• Ellipticity 橢圓度
• Asymmetry 不對稱性
• Area 面積
• …

• How to build a mathematical 

model to relate egg size 

/shape with some given 

measurements of the birds? 

如何建立一個數學模型來將蛋
的大小/形狀與鳥類的某些給定
測量值聯繫起來？

20Source: Stoddard et al., “Avian egg shape: Form, function, and evolution”, Science (2017)



Example: Modelling the Shape of Trees and their Roots 

樹木和樹根的數學建模
Real-world problem 現實生活問題:

• We see different types of trees in 

everyday life

我們在日常生活中看到不同類型的樹

• Is there any relationship between the 

shape of the trees above ground and 

the shape of their roots underground?

樹木地面上的形狀和地底根部的形狀
有關係嗎？

21Source: Carmona et al., "Fine-root traits in the global spectrum of plant form and function", Nature (2021)



Example: Modelling the Shape of Trees and their Roots 

樹木和樹根的數學建模
Mathematical problem 數學問題:

• How to represent the above-ground and 

underground shapes mathematically?

如何用數學的方式表示樹木地面上的形狀和
地底根部的形狀？

• Plant height 植物高度, leaf area樹葉面積, …

• Root diameter 樹根直徑, root length 樹根長度, …

• How to develop a mathematical model to 

study their relationship?

如何建立數學模型來研究它們的關係？

22Source: Carmona et al., "Fine-root traits in the global spectrum of plant form and function", Nature (2021)



Example: Modelling Global Internet Usage 全球網絡使用的數學建模

Real-world problem 現實生活問題:
• Internet access is highly related to education and economic development

網路存取與教育和經濟發展高度相關
• Understanding the trend of internet usage is important for policy making by 

governments and resource allocation by NGOs 

了解網路使用趨勢對於政府制定政策和非政府組織分配資源具有重要意義

Mathematical problem 數學問題:
• How to estimate the trend of 

internet access in different regions? 

如何評估不同地區的網路存取趨勢？
• How to identify the relationship between 

internet access and other sociological 

factors? 

如何辨識網路存取與其他社會因素的關係？

https://en.wikipedia.org/wiki/Global_Internet_usage
23

https://en.wikipedia.org/wiki/Global_Internet_usage


Example: Modelling Weather and Climate 天氣和氣候的數學建模

Real-world problem 現實生活問題:

• Weather prediction 天氣預報
• Understanding climate change了解氣候變化
• How can we predict weather or climate change?

我們如何預測天氣或氣候變遷？

Mathematical modelling 數學問題:
• Identify the relevant factors:  urbanization, 

deforestation, energy consumption, …

找出相關因素：城市化、森林砍伐、能源消耗…

• Develop mathematical models for predicting 

weather or climate change

建立數學模型來預測天氣或氣候變遷

Hong Kong Observatory 香港天文台:

https://www.hko.gov.hk/en/index.html
24

Annual rainfall 

distribution in 2023

2023年年降雨量分佈

Number of Hot Nights in Hong Kong 1884-2023

1884 年至 2023 年香港熱夜晚數

https://www.hko.gov.hk/en/index.html


Example: Modelling Traffic Condition交通狀況的數學建模

Real-world problem 現實生活問題:
• Finding an optimal route 尋找最佳路線
• Traffic control/management 交通管制/管理
• Road network planning 道路網路規劃
• How can we analyze traffic condition under different 

scenarios and study the future trend for better planning?
我們如何分析不同情況下的交通狀況並研究未來趨勢，
以便更好地進行規劃？

Mathematical modelling 數學問題:
• Identify key factors: population growth, number of 

private cars, use of public transportation, future urban planning,…
找出相關因素：人口增長、私家車數量、公共運輸使用情況、未來城市規劃…

• Develop mathematical models for predicting the trend/assessing the influence of 

different factors on traffic 建立交通狀況的數學模型

Transport Department 運輸署: https://www.td.gov.hk/en/home/index.html

Highways Department 路政署: https://www.hyd.gov.hk/en/home/index.html
25

https://www.td.gov.hk/en/home/index.html
https://www.hyd.gov.hk/en/home/index.html


How can we use AI to assist us with 

math modelling? 

我們如何使用AI來協助我們進行數學建模？

26



AI tools for math modelling 以 AI 工具輔助數學建模
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First-ChatGPT-Then-Solve (FCTS) 

strategy for mathematical modelling 

數學建模策略

Use AI-based tools to help us: 

利用AI 工具幫助我們：
• Understand problem background 

了解問題背景
• Identify relevant factors 

找出相關因素
• Locate datasets 

尋找數據集
• …

Fact-checking is important! 

核實事實很重要！



AI tools for math modelling 以 AI 工具輔助數學建模

28

The art of asking questions 提問的藝術
• Questions about the question 關於問題的疑問
• Questions for clarification purposes 澄清問題
• Questions that probe assumptions 探究假設的問題
• Questions that probe for reasons and evidence 探究原因和證據的問題
• Questions about viewpoints and perspectives 關於觀點和看法的問題
• Questions that probe implications and consequences 探究意義和後果的問題

What should be avoided when using AI?

使用AI時應該避免什麼？
• Outsourcing your thinking to AI 

把你的想法外判給人工智能
• Trusting the answers by AI without checking

不加檢查地相信人工智能的答案
• Directly taking AI outputs as your answer

直接將人工智能的輸出作為答案



Common free AI tools 常用免費 AI 工具

29

Poe (https://poe.com/)
• Multi-model platform with access to various engines 多模型平台，可存取各種引擎

Copilot (https://copilot.microsoft.com/)
• Integration with Microsoft functionalities 與 Microsoft 功能的整合

Perplexity (https://www.perplexity.ai/)
• source-backed answers with citations 基於來源的答案，附有引用

Grok (https://grok.com/)
• Transparent, shows AI reasoning steps and sources 透明，顯示 AI 推理步驟和來源

DeepSeek (https://www.deepseek.com/)
• Strong multilingual support (English and Chinese) 強大的多語言支持（英語和中文）

https://poe.com/
https://copilot.microsoft.com/
https://www.perplexity.ai/
https://grok.com/
https://www.deepseek.com/


Effective AI prompt (prompt engineering) skill
有效的 AI 提示（提示工程）技能

30

AI is very powerful if we use it smartly! 

如果我們聰明地使用 AI，它將非常強大！
• Important to craft effective instructions 製作有效的指令很重要
• Guide AI models to provide useful outputs 引導 AI 模型提供有用的輸出

Be clear and specific 要清晰且具體
• Avoid ambiguity避免歧義
• Help AI understand your question and requirement well 幫助 AI 很好地理解您的問
題和要求

Provide context 提供內容
• Give the AI all the background information it needs 給 AI 所有它需要的背景資訊
• Relevant location, constraints, … 相關的位置、限制…



31

Iterate on prompts 反覆迭代提示詞
• back-and-forth clarifications/explanations to refine the answers

來回澄清/解釋以精煉答案

Other useful tricks: 其他有用的技巧：
• “Role prompting”: Assign a role to AI so that it gives more tailored outputs

「角色提示」：為 AI 分配角色，讓它提供更量身訂製的輸出
• “Explain Like I'm 14”: Ask the AI to simplify the explanations based on the prescribed level 

「請用14歲小孩都能聽懂的方式解釋」：要求 AI 根據指定的水平簡化解釋

Fact-checking is important! 事實查核很重要！
• Hallucination: AI may produce inaccurate or misleading information!

幻覺：AI 可能產生不準確或誤導性的資訊！
• Try multiple AI tools and compare the answers 試用多個 AI 工具並比較答案

Effective AI prompt (prompt engineering) skill
有效的 AI 提示（提示工程）技能



Some examples of mathematical modelling prompts

一些數學建模提示範例
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What exactly are we trying to predict or understand? 我們在試圖預測或理解什麼？

List five factors that may be important 列出五個可能重要的因素

What simplifications can we make? 我們可以做哪些簡化？

Tell me three math concepts or equations that we may use 

告訴我三個我們可能使用的數學概念或方程式

How could we check if our model is good? 我們如何檢查我們的模型是否良好？

Tell me three aspects of this model that are oversimplified or might be wrong in 

real life.

告訴我這個模型的在現實生活中被過度簡化或可能錯誤的三個方面。



Integrated Examples 綜合例子

33

Example with more useful prompting strategies: Modelling for Car Price Analysis

更多實用提示策略範例：汽車價格分析建模
https://www.math.cuhk.edu.hk/~mathcal/MM2025/December25a/

Predicting Stock Prices Using Linear and 

Nonlinear Regression

使用線性和非線性迴歸預測股票價格
http://mathcal.math.cuhk.edu.hk:7537/

https://www.math.cuhk.edu.hk/~mathcal/MM2025/December25a/
http://mathcal.math.cuhk.edu.hk:7537/


Non-Linear Regression with R Shiny (for time data) 

利用 R Shiny 進行非線性迴歸 (時序數據) 

34

https://www.math.cuhk.edu.hk/app/mathmodel/tool.html

https://www.math.cuhk.edu.hk/app/mathmodel/tool.html

Non-linear regression R Shiny tool (for time data) 

非線性迴歸 (時序數據) R Shiny 工具
• The 𝑥 values (column 1) must be some dates 第1 欄必須是日期格式: 

YYYY-MM-DD, YYYY/MM/DD, DD-MM-YYYY, DD/MM/YYYY, YYYY-MM, YYYY/MM, 

MM-YYYY, MM/YYYY, or YYYY.

• Can customize the time interval for data fitting 可以自訂資料擬合的時間段

Many models available 多種模型可供選擇:
• Linear model 線性模型
• Quadratic model 二次模型
• Cubic model 三次模型
• Polynomial model 多項式模型
• Power model 冪模型
• Exponential model 指數模型
• Logarithmic model 對數模型

https://www.math.cuhk.edu.hk/app/mathmodel/tool.html


Non-Linear Regression with R Shiny (for time data) 

利用 R Shiny 進行非線性迴歸 (時序數據) 
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Non-Linear Regression with R Shiny (for time data) 

利用 R Shiny 進行非線性迴歸 (時序數據) 

36

Exercise 練習

Non-Linear Regression R Shiny tool 非線性迴歸 R Shiny 工具
https://www.math.cuhk.edu.hk/app/mathmodel/tool.html

1. Consider the sample stock market data in the tool (also available as 

data_NLR.csv on our website) 

考慮工具中的股票市場資料範例數據 (亦可見我們網頁上的data_NLR.csv)

2. Use the tool to try different models 使用工具嘗試不同的模型

3. For different time periods, consider different models. What do you observe? 

對於不同的時間段，考慮不同的模型。你觀察到什麼？

https://www.math.cuhk.edu.hk/app/mathmodel/tool.html


Advanced methods and tools for 

mathematical modelling

數學建模進階方法及工具

37



Modelling with Sigmoidal functions (S-shaped curves) 

使用 S 形函數建模

38

Sigmoidal function is a type of functions whose graph 

has a characteristic S-shaped curve. 

S 型函數是一種函數，因其函數圖像形狀像字母 S 得名。

Features 特色:

• Progress from small beginnings 從微小開始
• Then accelerates 逐漸加速
• Approaches a maximum over time 隨著時間的推移接近最大值

More examples of S-shaped curves S 形函數的更多例子
https://www.math.cuhk.edu.hk/~mathcal/MM/Sigmoidal.html

Modelling life achievement using S-shaped curves透過 S 形函數進行人生成就的建模
http://mathcal.math.cuhk.edu.hk:7562/

https://www.math.cuhk.edu.hk/~mathcal/MM/Sigmoidal.html
http://mathcal.math.cuhk.edu.hk:7562/


S-shaped curves of life achievement 人生成就的 S 形函數
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Modelling using S-shaped curves actually matches latest scientific findings!

使用 S 形曲線的建模實際上符合最新的科學發現！

Recent discoveries on the acquisition of the highest levels of human performance, 

Science, December 2025 關於獲得人類最高水平表現的最新發現，《科學》，2025 

年 12 月 https://www.science.org/doi/10.1126/science.adt7790

Analyzed the development of more 

than 34,000 adult international top 

performers in different domains, 

including Nobel laureates, the most 

renowned classical music composers,

Olympic champions, and the world’s 

best chess players.

綜合研究了 34,000 多名不同領域的國際頂尖成年人的發展情況，其中包括諾貝爾獎
得主、最著名的古典音樂作曲家、奧運冠軍和世界上最好的國際象棋棋手。

https://www.science.org/doi/10.1126/science.adt7790


S-shaped curves of life achievement 人生成就的 S 形函數
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Very similar developmental pattern of world-class performers across different 
domains 不同領域世界級人才的發展模式非常相似！

• (A) Performance level of 508 world- class versus 420 national- class athletes from 

age 14 to 22 years. 
508 名世界級運動員與420名國家級運動員（年齡在14至22歲之間）的競賽表現比較。

• (B) Performance level of 330 physics and chemistry Nobel laureates versus 1595 

physics and chemistry nominees who have not earned the Nobel Prize. 330名諾貝爾
物理學獎和化學獎得主與1595名未獲諾貝爾獎的物理和化學獎提名者的競技水平對比。



General Fitting XY R Shiny tool XY數據一般擬合 R Shiny 工具 

41

How can we fit datasets using S-shaped curves or other complicated functions?
如何使用 S 形曲線或其他複雜函數擬合數據？

General Fitting XY R Shiny tool XY數據一般擬合 R Shiny 工具
https://mathmodelcuhk.shinyapps.io/general-fitting/

Key functionalities:主要功能：
• Easily fit different customized functions including 輕鬆適配各種自訂函數，包括： 

• Polynomial functions 多項式函數
• Trigonometric functions 三角函數
• Logarithmic functions 對數函數
• Exponential functions 指數函數

• Different real-life data can be used as input 可使用各種實際數據作為輸入

https://mathmodelcuhk.shinyapps.io/general-fitting/
https://mathmodelcuhk.shinyapps.io/general-fitting/
https://mathmodelcuhk.shinyapps.io/general-fitting/


42

Loading dataset and prescribing the desired form of the function

載入數據集並指定所需的函數形式

General Fitting XY R Shiny tool XY數據一般擬合 R Shiny 工具 



43

Obtain the best-fit model 得出最佳擬合模型

General Fitting XY R Shiny tool XY數據一般擬合 R Shiny 工具 



44

Evaluate residuals and errors 評估殘差和誤差

General Fitting XY R Shiny tool XY數據一般擬合 R Shiny 工具 



Exercise: the growth of common water hyacinth 水葫蘆的生長

45



Exercise: the growth of common water hyacinth 水葫蘆的生長

46

https://www.math.cuhk.edu.hk/app/mathmodel/tool.html

Use different tools to analyze the growth data in Spring

使用不同工具來分析春季成長數據

Day Spring

0 25.01

10 57.77

20 126.79

30 254.74

40 625.95

50 1578.94

60 3621.8

70 6721.45

80 10189.24

90 15009.17

https://www.math.cuhk.edu.hk/app/mathmodel/tool.html


Exercise: the growth of common water hyacinth 水葫蘆的生長
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Let’s try the polynomial model 試試多項式模型!



Exercise: the growth of common water hyacinth 水葫蘆的生長

48



Example

49

Exercise: the growth of common water hyacinth 水葫蘆的生長

Let’s also try the exponential model 試試指數模型!



Exercise: the growth of common water hyacinth 水葫蘆的生長

50
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Exercise: the growth of common water hyacinth 水葫蘆的生長

In fact, biological growth may be limited by different environmental factors and 

cannot be unlimited! 

事實上，生物生長可能受到各種環境因素的限制，未必能無限增長！

Based on this phenomenon, Mathematical biologist P. F. Verhulst adjusted the 

exponential growth model in the 1840s and proposed the famous Logistic 
Function model (a type of S-shaped curve model):

基於這一現象，數學生物學家 P. F. Verhulst 在 1840 年間調整了指數增長模型，
並提出了著名的邏輯函數模型（一種 S 形曲線模型）：

𝑦 =
𝐴

1 + 𝑒𝑏−𝑘𝑥

Let’s also try this model using the general fitting 

R Shiny tools!

我們不妨也用一般擬合 R Shiny 工具試試這個模型！



Modelling Using Multiple Regression 多元迴歸

52

What if there are multiple factors to be considered? 如果有多個因素需要考慮怎麼辦？

How to determine whether a factor is important? 如何判斷一個因素是否重要？

Example: 

How does advertisement in different media channels (TV, radio, newspaper) affect 

the product sales?

不同媒體（電視、廣播、報紙）上的廣告如何影響產品銷售？

Multiple regression: we can consider

多元迴歸：我們可以考慮

and minimize 並最小化



Modelling Using Multiple Regression 多元迴歸
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Approaches 方法:

• Consider each variable separately 

分別考慮每個變數

• Including the variables 包括所有變數

• Including all variables and their interaction terms 包括所有變數及它們互相的影響

• And many more possibilities 還有更多可能性

Detailed description 詳細說明: http://mathcal.math.cuhk.edu.hk:7541/

http://mathcal.math.cuhk.edu.hk:7541/


Modelling Using Multiple Regression 多元迴歸
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Interpretation of importance of different factors via multiple regression:

透過多元迴歸分析不同因素的重要性：

• We first standardize all variables (i.e., transform the data values for each variable 

to have a mean of 0 and a standard deviation of 1) and then solve for the best-fit 

multiple regression model 

首先，我們將所有變數進行標準化處理（即將每個變數的資料值轉換為平均值為 0、
標準差為 1 的平均值），然後求解最佳擬合的多元迴歸模型

• The magnitude of the resulting coefficients can indicate the relative importance of 

the variables 所得系數的大小可以表示變數的相對重要性
• Can be used for feature selection or model simplification 

可用於特徵選擇或模型簡化

Multi-Regression R Shiny Tool 多元迴歸 R Shiny 工具
https://mathmodelcuhk.shinyapps.io/multi-regression/

https://mathmodelcuhk.shinyapps.io/multi-regression/
https://mathmodelcuhk.shinyapps.io/multi-regression/
https://mathmodelcuhk.shinyapps.io/multi-regression/


Multi-Regression R Shiny Tool 多元線性迴歸 R Shiny工具
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https://mathmodelcuhk.shinyapps.io/multi-regression/
• Performing multiple linear regression 進行多元線性迴歸
• Input data format: CSV, XLSX, or TXT file containing the data points (at least 2 columns 

of data) 輸入數據格式：包含數據點的 CSV、XLSX 或 TXT 檔案（最少 2 列資料）
• Sample data file 參考數據檔案: [data_MLR.csv]

https://mathmodelcuhk.shinyapps.io/multi-regression/
https://mathmodelcuhk.shinyapps.io/multi-regression/
https://mathmodelcuhk.shinyapps.io/multi-regression/


Other IT tools for math modelling 其他數學建模的IT工具
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There are many different freely available IT tools suitable for math modelling!

有很多免費的IT工具適用於數學建模！

Microsoft Excel

• Statistics 統計, visualization 視覺化, …

GeoGebra

• Geometric modelling 幾何建模, functions 函數, …

Desmos

• Functions and graphs 函數和圖形, data fitting 數據擬合, …

R Shiny (by CUHK Mathematics 香港中文大學數學系開發)

• Regression (linear, nonlinear, multiple, general fitting, …) 

迴歸（線性、非線性、多元、一般擬合…）, Probability 概率, …

Other programming tools 其他程式設計工具 (Python, R, …)

• More functionalities and greater flexibilities 更多功能和更大靈活性



Microsoft Excel for math modelling 用於數學建模
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Many functionalities useful for math modelling 許多對數學建模有用的功能：
• Statistics 統計分析
• Regression analysis 迴歸分析
• Data visualization (scatter plots, bar charts, …) 數據視覺化（散點圖、棒形圖等）



GeoGebra for math modelling 用於數學建模
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GeoGebra (https://www.geogebra.org/)

Adding data points and regression lines 新增數據點和迴歸線

https://www.geogebra.org/


GeoGebra for math modelling 用於數學建模
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Modelling with functions interactively 使用函數進行互動式建模



GeoGebra for math modelling 用於數學建模
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Geometric modelling 幾何建模



GeoGebra for math modelling 用於數學建模
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Other interactive functionalities for modelling
其他用於建模的互動式功能



Desmos for math modelling 用於數學建模

62

Desmos (https://www.desmos.com/calculator)

Interface 介面:

• Left: equation bars for inputting equations and expressions.

左邊：用於輸入方程式和表達式的方程式輸入框。

• Middle: the graph window that 

visualizes the equation.

中間：用於可視化方程式的
圖形視窗。

• Top-right-hand corner: the 

toolbox for different options 

of the grid.

右上角：用於設定網格不同
選項的工具箱。

https://www.desmos.com/calculator


Desmos for math modelling 用於數學建模
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Adding curves and points 增加曲線和點



Desmos for math modelling 用於數學建模
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Adding data points 新增數據點



Desmos for math modelling 用於數學建模
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Choosing different regression functions 選擇不同的迴歸函數：



Desmos for math modelling 用於數學建模
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Adding restrictions on functions 對函數添加限制

Piecewise functions 分段函數



Other programming tools for math modelling: Python
其他數學建模的程式設計工具：Python

67

A very popular computer language for science and engineering

一種非常流行的科學與工程電腦語言

Highly customizable 高度可自訂

Different packages and functionalities for math modelling  提供用於數學建模的各種
軟體包和功能
• Regression 迴歸分析
• Probability 概率分析
• Data input/output 數據輸入/輸出
• Visualization 視覺化
• Optimization 最佳化

Freely accessible via online or offline compliers 可透過線上或離線編譯器免費使用
• Google Colab https://colab.research.google.com/

• Anaconda https://www.anaconda.com/

https://colab.research.google.com/
https://www.anaconda.com/


Python notebook examples (exercises)  範例（練習）

68

Basic operation of matrices 矩陣的基本運算
• https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Operati

on_of_Matrices.ipynb

Ordinary least squares 一般最小平方法
• https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Ordinary_Lea

st_Square.ipynb

Basic statistics and statistical distributions 基礎統計和統計分佈
• https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Statisti

cs_Tools.ipynb

• https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Statistical_Dis

tribution.ipynb

Dataset handling 數據集處理
• https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Introduction_t

o_Dataset_Handling_Using_Python.ipynb

https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Operation_of_Matrices.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Operation_of_Matrices.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Operation_of_Matrices.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Ordinary_Least_Square.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Ordinary_Least_Square.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Ordinary_Least_Square.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Statistics_Tools.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Statistics_Tools.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Statistics_Tools.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Statistical_Distribution.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Statistical_Distribution.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Statistical_Distribution.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Introduction_to_Dataset_Handling_Using_Python.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Introduction_to_Dataset_Handling_Using_Python.ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Introduction_to_Dataset_Handling_Using_Python.ipynb


Python notebook examples (solutions)  範例（答案）
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Basic operation of matrices 矩陣的基本運算
• https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Operati

on_of_Matrices_(Solution).ipynb

Ordinary least squares 一般最小平方法
• https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Ordinary_Lea

st_Square_(Solution).ipynb

Basic statistics and statistical distributions 基礎統計和統計分佈
• https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Statisti

cs_Tools_(Solutions).ipynb

• https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Statistical_Dis

tribution_(Solution).ipynb

Dataset handling 數據集處理
• https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Introduction_t

o_Dataset_Handling_Using_Python_(Solution).ipynb

https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Operation_of_Matrices_(Solution).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Operation_of_Matrices_(Solution).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Operation_of_Matrices_(Solution).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Ordinary_Least_Square_(Solution).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Ordinary_Least_Square_(Solution).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Ordinary_Least_Square_(Solution).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Statistics_Tools_(Solutions).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Statistics_Tools_(Solutions).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Statistics_Tools_(Solutions).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Statistical_Distribution_(Solution).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Statistical_Distribution_(Solution).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Statistical_Distribution_(Solution).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Introduction_to_Dataset_Handling_Using_Python_(Solution).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Introduction_to_Dataset_Handling_Using_Python_(Solution).ipynb
https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Introduction_to_Dataset_Handling_Using_Python_(Solution).ipynb


Other programming tools for math modelling: R
其他用於數學建模的程式設計工具：R
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R (https://www.r-project.org/)

Useful for statistical analysis 用於統計分析

A large variety of built-in functions available 提供豐富的內建函數

Many examples in our Math modelling e-book contain detailed R codes:

我們的數學建模電子書中包含許多範例的詳細 R 程式碼：
• https://www.math.cuhk.edu.hk/~mathcal/MM/

• Username: mathmodel

• Password: mm@2024

https://www.r-project.org/
https://www.r-project.org/
https://www.r-project.org/
https://www.math.cuhk.edu.hk/~mathcal/MM/
https://www.math.cuhk.edu.hk/~mathcal/MM/


How to Write a Mathematical 

Modelling Report? 

如何撰寫數學建模報告？

71



Introduction 介紹
• Describe the real-world problem background 描述現實生活問題背景
• Review the relevant prior works 以往的相關工作
• Identify the current research gap 找出現有的研究空隙

Proposed mathematical models 提出的數學模型
• Introduce the mathematical tools involved 介紹所涉及的數學工具
• Describe the proposed models in detail with reasoning and justification 

詳細描述所提出的模型並給出推理和論證
• Present the experimental results 展示實驗結果
• Describe the subsequent model refinements with reasoning and justification 

描述後續模型改進並給出理由和論證

Conclusion 結論
• Summarize the findings 總結研究結果
• Discuss the advantages and limitations 討論優點和局限性
• Discuss possible future directions 討論未來可能的方向

How to Write a Mathematical Modelling Report? 如何撰寫數學建模報告？
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Example: Analyzing and Predicting Infectious Diseases in Hong Kong

例子：香港傳染病分析及預測 

73

Past MMCSS competition problem (2024/25 Junior) 以往MMCSS比賽題目（2024/25 初中組）



Regression迴歸分析
- How to predict the trend? 如何預測趨勢？
- What are the variables? 變數有哪些？
- Polynomial/exponential/periodic/… 

多項式/指數/週期/…

- Short term 短期
- Long term 長期

Probability and statistics 概率與統計
- How to model high-outbreak and low-

outbreak scenarios? 

如何模擬高爆發和低爆發情況？
74

Techniques that may be useful:

可能有用的技巧：

Example: Analyzing and Predicting Infectious Diseases in Hong Kong

例子：香港傳染病分析及預測 
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Sample report (1) – 1-page summary

參考作品 (1) – 1頁摘要
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Sample report (1) – Problem introduction and analysis 

參考作品 (1) – 題目簡介及分析
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Sample report (1) – Model assumption and data collection

參考作品 (1) – 模型假設及數據收集
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Sample report (1) – Formulating and solving models

參考作品 (1) – 建構及求解模型
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Sample report (1) – Formulating and solving models

參考作品 (1) – 建構及求解模型
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Sample report (1) – Interpreting and validating models

參考作品 (1) – 解釋及驗證模型
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Sample report (1) – Model refinement

參考作品 (1) – 改進模型
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Sample report (1) – Model refinement

參考作品 (1) – 改進模型
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Sample report (2) – 1-page summary 

參考作品 (2) – 1頁摘要
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Sample report (2) – Problem introduction and analysis 

參考作品 (2) – 題目簡介及分析
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Sample report (2) – Model assumption

參考作品 (2) – 模型假設
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Sample report (2) – Formulating and solving models

參考作品 (2) – 建構及求解模型



87

Sample report (2) – Formulating and solving models

參考作品 (2) – 建構及求解模型
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Sample report (2) – Formulating and solving models

參考作品 (2) – 建構及求解模型
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Sample report (2) – Formulating and solving models

參考作品 (2) – 建構及求解模型
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Sample report (2) – Model refinement

參考作品 (2) – 改進模型



Example: Analyzing Tourism in Hong Kong

例子：香港旅遊業分析

Past MMCSS competition problem (2024/25 Senior) 以往MMCSS比賽題目（2024/25高中組）
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How to predict the trend? 

如何預測旅遊趨勢？

Land/sea/air? 陸路/海路/空路？

What are the variables affecting 

tourist number? 

哪些因素會影響遊客人數？

What is the relationship between 

different industries and tourism? 

不同產業與旅遊業有何關聯？

Analysis 分析:

Example: Analyzing Tourism in Hong Kong

例子：香港旅遊業分析



Example: Potential for agricultural development

例子： 農業發展潛力

Past HSMMC competition problem (2024/25) (Part of the competition question)

往屆 HSMMC 比賽題目（2024/25）（題目其中一部份）
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Importance of different factors不同因素的重要性

Data collection 數據收集

Quantify the development 量化發展



Example: MathWorks Math Modelling Challenge 

例子：MathWorks 數學建模挑戰比賽

https://m3challenge.siam.org

A math modelling competition for high school students in USA/UK 
一個美國/英國高中生的數學建模競賽

Past reports 歷屆作品：
https://m3challenge.siam.org/resources/sample-problems/

• Winning solutions for different years 歷屆得獎作品
• Other sample papers for different years 歷屆其他參考作品

• Average Sample Paper 平均水平作品
• Above Average Sample Paper 高於平均水平作品
• Excellent Paper優秀作品

• Judge commentary for different years 歷年評審評語
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https://m3challenge.siam.org/
https://m3challenge.siam.org/resources/sample-problems/
https://m3challenge.siam.org/resources/sample-problems/
https://m3challenge.siam.org/resources/sample-problems/


The International Mathematical Modeling Challenge 國際數學建模挑戰賽 (IMMC)

https://immchallenge.org/Index.html

Mathematical Contest in Modeling/Interdisciplinary Contest in Modeling 

美國數學建模競賽/交叉學科建模競賽 (MCM/ICM)

https://www.comap.com/contests/mcm-icm

Contemporary Undergraduate Mathematical Contest in Modeling 

全國大學生數學建模競賽 (CUMCM)

https://en.mcm.edu.cn/

Sample report sharing 報告例子分享
https://www.math.cuhk.edu.hk/app/mathmodel/workshopmaterial2526/workshopmaterial.html

• Username: mathmodel

• Password: mm@2024

More advanced-level mathematical modelling competition examples

更多進階數學建模比賽例子
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https://immchallenge.org/Index.html
https://www.comap.com/contests/mcm-icm
https://www.comap.com/contests/mcm-icm
https://www.comap.com/contests/mcm-icm
https://en.mcm.edu.cn/
https://www.math.cuhk.edu.hk/app/mathmodel/workshopmaterial2526/workshopmaterial.html


Advanced Modelling Examples 進階建模例子
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See our Math modelling e-book: 見我們的數學建模電子書：
• https://www.math.cuhk.edu.hk/~mathcal/MM/

• Username: mathmodel

• Password: mm@2024

Predicting Stock Prices Using Linear and Nonlinear Regression

使用線性和非線性迴歸預測股票價格
http://mathcal.math.cuhk.edu.hk:7537/

Estimate the Percentage of Electric Vehicles among All Cars in Hong Kong in 2030

估算2030香港電動車佔總數的百分比
http://mathcal.math.cuhk.edu.hk:7536/

Extracting information from S-shaped curves of life achievement

人生成就的 S 形曲線
http://mathcal.math.cuhk.edu.hk:7562/

https://www.math.cuhk.edu.hk/~mathcal/MM/
https://www.math.cuhk.edu.hk/~mathcal/MM/
http://mathcal.math.cuhk.edu.hk:7537/
http://mathcal.math.cuhk.edu.hk:7536/
http://mathcal.math.cuhk.edu.hk:7562/


Advanced Modelling Examples 進階建模例子
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Modelling with Difference Equations 用差分方程建模
http://mathcal.math.cuhk.edu.hk:7544/

The Logistic or Inhibited Growth Model 邏輯/抑制生長模型
http://mathcal.math.cuhk.edu.hk:7546/

Predicting Price Indices and Weather Prediction Using Markov Chains

使用馬可夫鏈預測價格指數和天氣預報
http://mathcal.math.cuhk.edu.hk:7539/

Modelling the Spread of Information Using Social Networks, Node Centralities, and 

Data Fitting Approaches

使用社交網路、節點中心性和資料擬合方法對資訊傳播進行建模
http://mathcal.math.cuhk.edu.hk:7538/

http://mathcal.math.cuhk.edu.hk:7544/
http://mathcal.math.cuhk.edu.hk:7546/
http://mathcal.math.cuhk.edu.hk:7539/
http://mathcal.math.cuhk.edu.hk:7538/


Mathematical Modelling @ CUHK Mathematics

https://www.math.cuhk.edu.hk/app/mathmodel/

Mathematical Modelling e-book 數學建模電子書 :

https://www.math.cuhk.edu.hk/~mathcal/MM/

Username: mathmodel

Password: mm@2024

• Mathematical modelling concepts

• A large variety of examples 

• IT tools freely available

Summary: Learning Resources for Math Modelling 

數學建模的學習資源 
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https://www.math.cuhk.edu.hk/app/mathmodel/
https://www.math.cuhk.edu.hk/~mathcal/MM/


Summary: Math Modelling e-book 數學建模電子書
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Mathematical modelling concepts 

數學建模概念
• Math modelling process 數學建模過程
• Key steps關鍵步驟

Common models 常用模型：
• Linear functions線性函數
• Exponential functions指數函數
• Power functions冪函數
• Trigonometric functions三角函數
• Sigmoidal functions S形函數
• All with detailed formulations, derivations, and 

examples 均提供詳細的公式、推導過程和範例

More advanced math tools 進階數學工具:
• Probability 概率, network model 網絡模型, …

• Introduced via specific real-life problems 

(price prediction, social network etc.) 

透過具體問題（價格預測、社交網路等）介紹



Summary: IT Tools for Math Modelling 數學建模 IT 工具
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First-ChatGPT-Then-Solve

Use AI tools to help us: 

利用 AI 工具幫助我們：
• Understand problem background 了解問題背景
• Identify relevant factors 找出相關因素
• Locate datasets 尋找數據集
• …

Fact-checking is important 核實事實很重要！

Freely available AI tools 免費 AI 工具
• Poe  

• Microsoft Copilot

• DeepSeek

• …



Summary: IT Tools for Math Modelling 數學建模 IT 工具
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Computing and visualization tools 計算與視覺化工具 (R Shiny, GeoGebra, Desmos, 

Python, R, …) 

R Shiny: a package for building interactive web apps based on the R programming language 

一個基於 R 程式語言的互動式網絡應用程式

We have developed several R Shiny tools for math modelling我們開發了多個數學建模的R Shiny工具：
https://www.math.cuhk.edu.hk/app/mathmodel/tool.html

• Find What Fits with R Shiny 使用 R Shiny 尋找最佳擬合線
• Linear Regression with R Shiny 使用 R Shiny 進行線性迴歸
• Nonlinear Regression with R Shiny 使用 R Shiny 進行非線性迴歸

• for XY data 適用於 XY 數據
• for time series data 適用於時間序列數據

• General Fitting with R Shiny 使用 R Shiny 進行一般擬合
• … and more 以及更多！

We have also provided some introductions to the functionalities of GeoGebra, Desmos, 

Python, and R on our website 

我們還在網站介紹了 GeoGebra、Desmos、Python 和 R 的功能。

https://www.math.cuhk.edu.hk/app/mathmodel/tool.html


Thank you!
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Please complete the Course Evaluation:

請完成以下課程評估表：
https://forms.gle/ZPTbiEK5JP5REwvq5

Mathematical Modelling @ CUHK Mathematics:

https://www.math.cuhk.edu.hk/app/mathmodel

Contact:

mathmodel@math.cuhk.edu.hk

https://forms.gle/ZPTbiEK5JP5REwvq5
https://www.math.cuhk.edu.hk/app/mathmodel
mailto:mathmodel@math.cuhk.edu.hk
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