Enhanced Programme on Promoting Mathematical Modelling for
Teachers and Students in Secondary Schools
Student Workshop 2025/26 (Senior)

i L ﬁfim}c_/@ﬁrﬁﬂ
B4 T {EL; 2025/26 (FH)

Part Il: Advanced Methods for Mathematical Modelling
o E Ny ¢ RS T A

Prof. Benny Yiu-Chung Hon &&=

Department of Mathematics, The Chinese University of Hong Kong

BT SUOREH S &




.t,

[l

%;[t* =
Mathematical Modelling Process
5 Steps of Mathematical Modelling

Understanding a real-world BT
. . B 5 T
problem using mathematics —

%%’%Tﬁ$ﬁg?ﬁ5§ﬁ:ﬁ% Real-world problem FFL g F i

i 1. Analyzing the real-world Problem 472 Bt 5L A

Mathematical Modelling is ... &2

/

l 2. Formulating the Mathematical Model ZE 17 B EAY

YA
21+21(

(x o ‘) N Lr : Mathematical model EEi5i7

3. Solving the Mathematical Model 3K f2BERfE R

L J

Mathematical solution BEEfEAU

4. Interpreting the Mathematical Solution EEFE8IES [EAFfE

¥

Real-world Solution FH &t F 1%

5. Evaluating the Mathematical Model 2FfL B E2EAY




What Mathematical Concepts may be involved in Mathematical
Modelling? B2 iAo e F S R R 2l 7

® Short answer: Everything is possible!
MEEE  —U AT |
« Algebra 1t}
Geometry 2&{q]
Probability and statistics #2345+
Calculus and optimization 2545 Bl {1k

o However ZA[f:
« The key is to have a mathematical mindset g3/ E 1A 52 T 4
« Suitably transform the real-world problem into a math problem that we know
how to solve 7 & 1 iFER B 57 AR b A B (M e S K eV B 22 LR
« Complicated model # better model!
ERERIEAY # B4R AY |




What Mathematical Concepts may be involved in Mathematical
Modelling? B2 iAo e F S R R 2l 7

o Algebra {{HL: —
« Solving equations ## 5f& e
« Variations
 Direct Variation 1F%# y X x, e.g.y = 3x ——
. . 2'5‘3 1 2 y = 0.00042z* — 3.50z + 6.22 - 10°
* Inverse Variation 7 & yx-, eg.y=-

X
« Joint Variation H#%5, eg.y =7

e Partial Variation %4758, e.g. y = kyx + k,z*




What Mathematical Concepts may be involved in Mathematical
Modelling? 822 72 i F 2 PR 20 7

o Modelling with functions fEFH RS ZERE ol e
* Linear 47 M: 45 - m
y =ax + b P
« Polynomial 2575+ pE
y=a,x"+a,_x" 1+ +aqa, s
« Exponential 587K
y = ab”*

Logarithmic #1851k
y=a+blogx

Power model ZE =AY
y = ax?



What Mathematical Concepts may be involved in Mathematical
Modelling? 8552t ey FH S R 7

o Geometry&&{q[:
« Geometric measurements
el =
« Length &/
« Area mfE
« Volume #&f&
 Deductive geometry & 4544 {n]
« Coordinate geometry {2 2& o]
« Equation of straight lines E 4% 5%
 Distance formula FEEE/NF
 Trigonometry = f4 R84

* Sinx, COSX, ...

By 4]
JFMAMJJASONDJ

Fig. 31. Periodic nual ﬂu(ctuut.iun in rate of growth of trees (in the
uthern hemisphere),

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



What Mathematical Concepts may be involved in Mathematical

Modelling? &

BEE
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o Probability and Statistics (A2 B4 =

« Randomness [

- Statistical analysis 4515317

°* More advanced techniques F #E[EAVFES: =

« Calculus &4y

. Optimization {EL
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More Examples of Mathematical Modelling
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Example: Estimating the Percentage of Electric Vehicles among All Cars in Hong Kong in 2030

i FAE2030FF A Eh A5 AT A BHIRAY 5 77 Eb

e Past MMCSS competition problem (2023/24 Junior)
PIAEMMCSSEEEFH (2023/24F%] 20 )

Estimate the Percentage of Electric Vehicles among All Cars in Hong Kong in 2030 (HEAE 2030 FEHRAEEE(L AT EHT G 2okb

The Government of the Hong Kong Special Administrative Region has set an

ambitious carbon intensity target of 65% to 70% by 2030 using 2005 as the FARRTTEEBUNET 1L T #HAYREE 5L - 75 2030 F-fUhxss
base, which is equivalent to 26% to 36% absolute reduction and a reduction to FEH 2005 FEAY/KSEFEAE 65% % 70% » AHE TS 26%E 36%48 ¥ EHE
3.3-3.8 tonnes on a per capita basis. It is observed that Hong Kong's carbon B DR GHETERE 33 F 3.8 /M - B A R

emissions have shown a decreasing trend since 2014, In 2021, the Government
announced Hong Kong's Climate Action Plan 2050, which outlined four major

2014 FREEH MRS - BURAE 2021 3847 1 (AR TEE

decarbonisation strategies, namely “net-zero electricity generation”, “energy @ 2050) - DL TR, - T EIAEARE - T ArCEH A
saving and green buildings”, “green transport” and “waste reduction”, that P RS RN AR ER RS » A EE AR 2050 A i A A ik
would lead Hong Kong towards the goal of carbon neutrality before 2050. It il W&k B EHAE > HBAF 2035 FERHEEERHET B
also sets out a more vigorous interim decarbonisation targets to reduce Hong 2005 KR

Kong's carbon emissions by 50% before 2035 as compared to the 2005 level.

To strive for attaining the target of carbon neutrality in Hong Kong before 2050, FAEIUFEL 2050 FRTEEER T AIAY B > HEBhZRAS Wi 2
promoting zero carbon emissions transport 1s one of the indispensable o —TE R A SRR S -

strategies.

AARAGETHE 2030 FFE BB HE(SATA EIWAYE L -
Estimate the percentage of electric vehicles among all cars in Hong Kong in 2030.
State the data you have collected clearly. Your data must be accurate, with aA F LR FTWCRATETR - ZORMSEAERERI R AN - Swat 22 o - 1 -

sources cited, and your argument must be logical and sound. State clearly the FERLEE T AR TP A REe A TR A M V1 Y -
assumption(s) you need in your modelling process.



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

i HAF 2030 F AT I EAL AT

o 1. Analyzing the real-world problem 3#13RE

 Hong Kong Climate Action Plan 2050
FERMETEIEEE 2050

* Net-zero electricity generation jFZE 3¢

« Energy saving and green buildings £igE4%E
« Green transport %o 8
« Waste reduction £ JiEE

* Need to promote zero carbon emissions transport

e B TR i

 How can we analyze the percentage of electric vehicles

among all cars in Hong Kong?

QA AT R BT 7R E

Sum

Eh

LHYEEDBT 7

LAY E 7 EL

A RRE:

ROADMAP ON
POPULARISATION OF
ELECTRIC VEHICLES

Source: Environmental Protection

Department
10



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

i FAE2030FF A EE B (5 AT BT 5 77 bk

Total number of registered vehicles

o 2. Formulating the mathematical model & 1782 f5EA: Q
« Factors 22K Z -
* Number of electric vehicles E&jE &=
« Number of total vehicles E#ifia& g
° Assumption 1E§§§: 2014-01 2015-08 2017-03 2013;;'12020.05 2021-12  2023-07
« Current policies (first registration tax, electric vehicle subsidy scheme)
= JFerbn NS .~ 2\ - NS N Number of EVs in Hong Kong in 2010-2020
BTECRE (BB - BEEETE) " e
« Technological development % fiTa% =
« Relevant data fH[E 835 :
« Transport Department &%
https://www.td.gov.hk/en/transport_in_hong kong/transport_figures/monthly traffic and transport digest/index.html 10000 1118k

« Environmental Protection Department IE{+E

https://www.epd.gov.hk/epd/english/environmentinhk/air/promotion ev/promotion ev.html

« Develop a mathematical model 217 H5E2FHAT
« Linear/nonlinear regression model in year ZjA (G 4R EE/FEAR M ERIEAT  cqm=mm R R a0

* Regression mOdeI on various factors %ﬁé%*@?ﬁ@@ﬁ%*%@ Data from Environmental Protection Department
« Probabilistic model of switching to EV EEEE L iy By i bidll https://www.epd.gov.hk/epd/english/top.html

5000

11


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

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

(5 FAE 20304 E BB 5T

° 3. Solving the mathematical model:

o 4. Interpreting the mathematical solution:

SKARRUEAERY -

Find the best-fit parameters using the

given data and IT tools

IR EER R T TERERERESH

TR BRI -

Is the result increasing/decreasing? g hniE 2B ?
 Imply the trend of EV percentage 235 T EBE)EHE (5 EEAYEEL
Any sharp changes in the value? £ 2 S EFEFEEIZIEL ?

* Imply some rapid change in certain years

HURFESE Y R S

 Align with technology/policy change?

& T Bl BORE LA TT 2

LEHHY E o7 EE

Total number of vehicles registered

<<<<<<<

55555

uuuuuu

Total number of electric vehicles registered

000000

000000

000000

12



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

i FAE2030 A 8 BB B (LT BEWAY 5 77 Eh

Number of EVs in Hong Kong in 2010-2020

¢ 5- Evaluating the mathematical mOdeI: 00000 Number of electric vehicles registered
B BERRAY ¢ N
- Test the model with otherdata . i,
o FE A S 5m g
« Data for some other years {8 F EL At F- {70 BV EIE
° Comparing with data for other economies with —=mmIBNRNEE s mee e 201&;;:020'05 e e
similar car targets
* E’—'j\iél\ﬁ iﬁﬂ/j\ E ﬁ;‘?&é@ﬁ{{h?%ﬁ%é@%ﬁ%ﬁﬁtbﬁ?& Targets of zero emission private car sales of various economies
« Refining the model M #EfEAL: 025 Norwayl
 Use different models for different factors (total 2030  Denmark?, Iceland®, Ireland®, Netherlands®, Singapore?,
number of cars, number of electric vehicles, nited Ringdom

2035 United States (California)®

ele\,CtriC vehicle F?ECG, etC') _ 2040 Canada®, France', Taiwan'!, Spain'
ﬁéﬁx]ﬁj% (f\,ﬁ%%{ ‘ EE,@JEQZE ) %‘%@JE{E Data from Environmental Protection Department
FSE ) (HE A ERYERAY

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

« Consider different year periods based on policy

change = FEEL Y BURE ST [H) 57 455 13


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

Example: Estimating the Carbon Emissions of Hong Kong in 2030

(i B AT 2030 F A FFR E

o Past MMCSS competition problem (2023/24 Senior)

LI{EMMCSSEEERH (2023/24F5

Estimate the Carbon Emissions of Hong Kong in 2030

The Paris Agreement, an ambitious multilateral treaty agreed in December
2015, succeeds the Kyoto Protocol that expired in 2020. China formally
signed it on Earth Day, 22 April 2016, and ratified it on 3 September 2016.
The Paris Agreement came into force on 4 November 2016. Hong Kong
plays a part to fulfill the obligations that China has under the Paris
Agreement. As such, Hong Kong will need to review the climate change
efforts every 5 years and align them with the requirements under the Paris
Agreement.

14H )

(L EL T HEAE 2030 IR &

Estimate the carbon emissions of Hong Kong in 2030.

State the data you have collected clearly. Your data must be accurate, with
sources cited, and your argument must be logical and sound. State clearly
the assumption(s) you need in your modelling process.

(ERIE) 1220154 12 FiBi - & () B B %8l - &
BRI 2020 IR CREAEE) - PEE 2016 47 4 F 22 Ay
BHEREE (BREE) 7 201649 4 3 HPLUME - (B
L) BR 20164 115 4 Q43 - HEART (ERHE) TH
BT TS s s —Ehfa s - I BB T e
RELTIE » MRS (ERHE) sk -

oR IR AGETE AL 2030 SFATBRBFIE ©

s Y| IRATCERAV &R - BREEEAEATRS HACR - awat &
i o AR T ATE L ATE RS F AW -

14



Example: Estimating the Carbon Emissions of Hong Kong in 2030

(i B AL 2030 bR FEI =

°* 1. Analyzing the real-world problem:

IR E A

« Understanding carbon emissions is crucial for
creating effective environmental policies and
meeting sustainability goals

BB E A7 HE A VIR BRI B IR nl R b e H AR R R e

* The Paris Agreement in December 2015
2015512 H N2 e

 How can we estimate the carbon emissions of Hong Kong for reviewing
climate change efforts?

B S ET B ABRTIRBER > DT fE A R =2 b L AE 2

15



Example: Estimating the Carbon Emissions of Hong Kong in 2030
(i A AEE2030 Ak HEI = -

° 2. Formulating the mathematical model Z 17 B =Y.
« Assume that the carbon emission y is a function of the year x
(BER PRI E v E 07 x BIRHEL
« Assume the carbon emission depends certain factors, e.g. N e ) [T
BRI B SR 2 (4 o o
 Population change A %1
* New technologies ¥ i
* International agreement (Paris Agreement) B[ 7a% (EEEEFIE ) serenoomrosersermone

Datasets

Bookn

« Relevant datatH s EiE

¢
* DATA.GOV.HKEEBUFHHEETE ¥ & https:/data.gov.hk/ €
e Our World in Data https://ourworldindata.org/ e G

« Develop a mathematical model & 77 #EfE A

« Linear/nonlinear regression model in yearfg i G 45 1: /I E4R M 1E s i 7
« Regression model on various sources of carbon emission A & faREHERTE Y A B s

 Probabilistic model (e.g. on weather)f&24E5E8 (Fi40 » BEHN R RATHERFER )

16


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

Example: Estimating the Carbon Emissions of Hong Kong in 2030
(G EH B 2030 IRFER &

° 3.

Solving the mathematical model:

R G i

Find the best-fit parameters using the given data and
IT tools

M4 EER R 1T TERHEERE S

. Interpreting the mathematical solution:

A Sie = i)
Is the result increasing/decreasing?ig & &5/ ?
« Imply the trend of carbon emission#& ¥ T IHET AL S,

Any sharp changes in the value? ¥ /& GFAERIZIEL ?
* Imply some rapid change in certain years

N LS NS S o
« Align with technology/policy change?

& A BB A LARTT 2

)

(million tonnes

Annual CO2 emissions
= N
o

Per Capita (million tonnes)
-~ (2]

CO2 Emission
o N

Annual CO2 emissions of Hong Kong (1938-2022)

quadratic quartic

17



Example: Estimating the Carbon Emissions of Hong Kong in 2030
(G EH B 2030 IRFER &

° 5. Evaluating the mathematical model:
B BERRA
« Test the model with other data {51 F = il 83 HE A= Y

Data for different years, e.g.
{5 A E eV &R - il -
« Use 1990-2020 for model construction
{5/ 1990-2020 AN #i 1 i AY
Test it using data in 2021-2024 e
{5/ 2021-2024 AR F AR AL e e
« Comparing with data for other cities EE = a7 ¥z LR

_ Per capita CO2 emis of Hong Kong (1938-2022)

)

Per Capita (million tonnes
£ o

CO2 Emission
o N

. Reflnlng the model A 7ERAY

Use other models {5 F E A fE A

* Analyze the carbon emission by different sectors (e.g. household, transportation,
industry, ...) S r-RNEFEAT (WI5JE ~ 208 ~ 156 ) AVBRBRIE

« Consider different year periods using different models (e.g. before/after the Paris

Agreement) {5 A [ERVAAS A RRVEDRHE (Gl (ERmE ) &EAiR)

18



Example: Modelling the Shape of Eggs

[hal
iy
py
o
T
B
T

+
VAL oy

o Real-world problem &4 JERIRE:

 There is a large variation in egg
sizes and shapes in nature

H G E YR/ NI AR E AR K

« Are the size and shape of eggs
related to the features of the birds
(body size, flying ability etc.)?
EHA/ NI AN E GBS ERYR =

(HE2Y ~ TRITREISF ) HE 7

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



Example: Modelling the Shape of Eggs E T Ik iy & 2 7 fE

o Mathematical problem =25 H:
 How to represent the egg

shapes? YA FRREAIEAN ? ..

° E”lpthlty *@E elliptical
o Asymmetry ~EFEME .
* Area [HIfH mrssumasunnEE EEN B
o E E- 040 - = S
O
E '
* How to build a mathematical — Sl
. Ll —° Elseyornis melanops
model to relate egg size i - e W
/shape with some given o mE
measurements of the birds?  «reiea
1A Ty (E R AR A B -
AN R L B S e s

A AR EEK 2

Source: Stoddard et al., “Avian egg shape: Form, function, and evolution”, Science (2017) 50



Example: I\/Iodelling the Shape of Trees and their Roots
R AR R B B s

o Real-world problem IR &4 JENE:

+ We see different types of trees in

everyday life
BAME H i A TR R R R RIS

« |s there any relationship between the &B[lﬂw
shape of the trees above ground and : 3 R e
the shape of their roots underground? e N
fEtACH ] _E AT ARRI AR ED A2 AR |
HEARIG 7

Trialsandtribulations Data drivenpollcy The wea dm'nowcast Bl
The struggle of two B ild predictive models  Deep gen ‘e model 1’
scientists launching mckl g.(m ngcrisis  offersnea Ilm«. §
their own labs tal health predictions o f infall %

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



Example: I\/Iodelling the Shape of Trees and their Roots
fal AR R AR A S B2 e i

o Mathematical problem =& [5H:

~~~~~

* How to represent the above-ground and ""’:' %‘,";;é.?,,

underground shapes mathematically?

41l B 7 S A L AT K Ve

Hr AR Z VAR 2 ,
&BElﬂW seé’

A

How fine-root traits |

» Plant height f5Y7/5 %, leaf areafiff= AT, ... SIUCR I o orm
« Root diameter iR B 1%, root length BIiEEE, ... it \\\‘

B . '
4 I |
%o/ SRR T
a0 8 R R RS

 How to develop a mathematical model to
study their relationship?

0 T B RS E PR e 2 I e, R |
theirown labs Ih Ih predictions ol f fll 2

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

22



Example: Modelling Global Internet Usage

o Real-world problem I &4 5ERE:

B

{55 PRI

* Internet access is highly related to education and economic development

SIS H L A S S e v EEAH

» Understanding the trend of internet usage is important for policy making by

governments and resource allocation by NGOs

T RS (S FH SIS BURF € BRI EBU $H 8 o e &

° Mathematical problem BE& [ RE:

« How to estimate the trend of

internet access in different regions?

WA AL A [FIH&E Y RS - HUEE E 2
 How to identify the relationship between
internet access and other sociological

factors?

AT PR T B L i

https://en.wikipedia.org/wiki/Global Internet usaqge

NZIRE R 7

/N

5 R ELA B

= R = 2
SN

J

o

23


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

Example: Modelling Weather and Climate iﬁ%ﬂ;wﬂiéﬁﬂﬁ'i}ﬁ

Annual rainfall
distribution in 2023

o Real-world problem IR E 4 JEMRE: sty oy

« Weather prediction X & FE#H

« Understanding climate change | ## & =81
« How can we predict weather or climate change?

o Mathematical modelling 2]

FAMTANAT TR R SR BRI EE ?

LI

|ldentify the relevant factors: urbanization,
deforestatlon energy consumption, .

TR HAHE

F

DAL - ARPRERAR - BEVRUEFE. ..

Develop mathematlcal models for predicting

weather or climate change

T B BT A R R AR

Hong Kong Observatory &K 5
https://www.hko.gov.hk/en/index.html

L O R R - O = N - T~ TR = T~ S - = SO B - SO SO - O = S - Y - B = B = T = S = S = 1
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Number of Hot Nights in Hong Kong 1884-2023
1884 -5 2023 F-HBHIRIRE

24


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

eots

Example: Modelling Traffic Condition=Z 25,{x) 7 By

><\P
B
yu

o Real-world problem I E 4 JE N E:

Finding an optimal route = &w{iﬁﬁ%ﬁ

« Traffic control/management X & /&

* Road network planning 7& F& 48 #E i &

 How can we analyze traffic condition under different
scenarios and study the future trend for better planning?
FerTan{ars W?K G0 BV R R AR A
DA{SE S 4 sth A TR 2

o Mathematical modelling B2

EXISTING MAJOR TRUNK ROUTE

444444
uuuuuuuuuu

 |dentify key factors: population growth number of
private cars, use of public transportation, future urban planning,...
P HRIR R - AR ~ A HERE - A B ~ R R

« Develop mathematical models for predicting the trend/assessing the influence of
different factors on traffic 21735 i AR A S AE 7

Transport Department ###i;5E https://www.td.gov.hk/en/home/index.html
Highways Department B&EZE: https://www.hyd.gov.hk/en/home/index.html

25
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How can we use Al to assist us with
math modelling?

BAM2n {55 FH AR B BT A TR A 7




Al tools for math modelling DL Al T

°* How can we use Al to assist us with
math modelling?

BFTA0MT 5 FH AR BIER M TRIERIER ?

® First-ChatGPT-Then-Solve (FCTS)
strategy for mathematical modelling

° Use Al-based tools to help us:
« Understand problem background T &[5 &

« Identify relevant factors % - AHRER Z=
« Locate datasets =4k iR

« Fact-checking is important! ZZ EE=EREZ |

° Freely available Al tools 7zZAIT H

 Poe htips://poe.com/
« Microsoft Copilot https://copilot.microsoft.com/

Course Information

Course Outlines

0.1 Introduction

0.2 Examples of Different Types ...

0.3 IT Tools

0.4 Report Writing

0.5 Examples of Different Types ...

0.6 Teacher Sharing
1 MMC with ICT
1.1 Building Blocks

1.2 IT Tools

LG SFE Y

1.2.1 ChatGPT

{ . Firsl-ChalGPT-Then-Solve )

= Modelling a Best Fitting Line Through Data

> Predicting Stock Prices Using Linear and Nonlinear Regression

> Extracting information from S-shaped curves of life achievement
* POE

= Modelling a Best Fitting Line Through Data
= Predicting Stock Prices Using Linear and Nonlinear Regression

\ = Extracting information from S-shaped curves of life achievement -/
« CUBES

= Predicting Stock Prices Using Linear and Nonlinear Regression
> Estimate the Percentage of Electric Vehicles amang All Cars in Hong Kong in 2030

1.2.1 ChatGPT

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

1.2.2R Shiny

Regression Model

4.2 Derivation of
Quadratic Least Squares
Regression Model

4.3 Fitting of A Power
Curve

4.4 Fitting of A
Generalized Exponetial
Curve

4.5 Fitting of An
Exponetial Curve

5 Solve and interpret
the model

6 Verify the model
6.1 Linear Regression

6.2 Quadratic
Regression

6.3 Cubic Regression
6.4 Fifth Degree
Polynomial Regression

6.5 Twenty Degree
Polynomial Regression

6.6 y — ax® Power
Regression

6.7y = ab™
Genearalized Exponetial
Reeression

Fitting Approaches
> Predicting Price Indices and Weather Prediction Using Markov Chains

ATHEEESEE - BME0EERRME shiny Boeiat BSEFEREE S HERH
F o DRI AR AT RIERECHEEER ?

ek - T ERER ChatGPT {F 5 T ERKRMERGHNBEEEEIRNTEN 7

First ChatGPT Then Solve

Answer the following questions: What are the meanings of fundamental analysis and
technical analysis?

Answer the following questions: What are nonlinear regression models and their
solvers? How do these solvers predict the price movement of a stock to forecast its
future price?

Chat with POE
2 Make simplifying assumptions

The daily stock prices of SENSEX India from January 1, 1980, to December 31, 2023,

27


https://poe.com/
https://copilot.microsoft.com/

Al tools for math modelling DL Al T EL#f B s @i

I

° The art of asking questions g Ay Z: il

Questions about the question %%BAF% EE[’];%F:@

Questions for clarification purposes /&% [tixE

Questions that probe assumptions 72 {EEx Y R

Questions that probe for reasons and evidence ££72 |8 NGB HY R RE
Questions about viewpoints and perspectives & R B IE AR RE
Questions that probe implications and consequences #£72 = & H11& AR RE

Regression Model

®* What should be avoided when using Al?

Quadratic Least Squares

:E: Regression Model ATHEEEDEE - RFMEAERRIHT shing BEECHEEFEERSERH
'fé }EH AIH ’ ﬁ SE%T + lﬂiﬂf (7 4.3 Fitting of A Power T LSRR SRR TEIEER 7
ﬁ‘ J N n/( Curve

o abittingof A 4+ BFHOEERER ChatGPT & & LA R AEREHNRE ESEEETE ?
Outsou rcmg your thlnklng to Al Gebeatzed Eapont
RIS A T -

xponetial Curve
oy }? SOIVS Eind interpret First ChatGPT Then Solve
1 H the mode
Tru Stl n g th e a n Swe rS by A I W I t h O ut C h e C kl n g 6 Verify the model Answer the following questions: What are the meanings of fundamental analysis and
— AN 6.1 Linear Regression technical analysis?
x E D 1“@ § i‘HZ $ E ,f E[‘ j\:': D [: /j 6.2 Quadratic Answer the following questions: What are nonlinear regression models and their
. — . Regressio ‘.1 . solvers? How do these solvers predict the price movement of a stock to forecast its

Directly taking Al outputs as your answer SaciicRarsin - furepie?

LA\ TR B 2 S

Polynomial Regression
66y az® Power Chat with POE
Regre
o 2 Make simplifying assumptions

6.7y =
Rém_eq;lm ed Exponetial The daily stock prices of SENSEX India from January 1, 1980, to December 31, 2023,

28



Common free Al tools =

g Al T H

Poe (htips://poe.com/)
» Multi-model platform with access to various engines ZEAIN. & » A {FH & fd 5 [ 2

Copilot (https://copilot.microsoft.com/)
* Integration with Microsoft functionalities Ei1 Microsoft THEE AL &

Perplexity (hitps://www.perplexity.ai/)
« source-backed answers with citations FEAACEREZE 5 [[15E [

Grok (https://grok.com/)
« Transparent, shows Al reasoning steps and sources 7%EHH » #H~ Al #EE D BRI

DeepSeek (htips://www.deepseek.com/)
» Strong multilingual support (English and Chinese) 58 K EE = 2 F (TLEBHIHF )

29
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Effective Al prompt (prompt engineering) sKkill
T3 Al g (Fen IR ) 508eE

° Al is very powerful if we use it smartly!

AR FAFTHRBAH (S Al » B IE R 58K !
« |Important to craft effective instructions EHEEFREVIE SR EEE
« Guide Al models to provide useful outputs 5 |Z& Al fERIERIEE F By

° Be clear and specific 25 H 255
« Avoid ambiguityi¥ ¢ 5 2
 Help Al understand your question and requirement well £ By Al 1R 47 FH g R0 R
REAIEESK

o Provide context 2 NZF
. Give the Al all the background information it needs 45 Al A B EE NS S&3
« Relevant location, constraints, ... fHEEIHIIER ~ FEH]...

30



Effective Al prompt (prompt engin
TRHY Al fern (T AR ) 1%BE

° |terate on prompts 7 7& L/ RER
« back-and-forth clarifications/explanations to
SRIElEF ke DURE A 25

o Other useful tricks: EAA FIYFLIT :

eering) skill

refine the answers

« “Role prompting”: Assign a role to Al so that it gives more tailored outputs
AR BAI oAt BEERMEESETRAVE T
« “Explain Like I'm 14”: Ask the Al to simplify the explanations based on the prescribed level

| 5E A NMZAREREIERY T U RE |+ 0K AL IR TR E RV /KPR LR

-
EESN

» Fact-checking is important! 2B &R &=

« Hallucination: Al may produce inaccurate or
252 Al ] gEE A A EEEGRE RV EEH |

misleading information!

- Try multiple Al tools and compare the answers &5 2 {jE Al T EAf RS 2
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Some examples of mathematical modelling prompts
— B R R e N Eu Y
o What exactly are we trying to predict or understand? F/{f9F & TE A2V EHE B2 eE

° List five factors that may be important %It F ([ o] sEE ZE Y[R

pA

o What simplifications can we make? F A DLTHRELEEA - 2

o Tell me three math concepts or equations that we may use

2Rk = (3R TR B R FE A B 2 7 2 =t
°* How could we check if our model is good? F(fTa1{r] i & IR A 24 B4 9

® Tell me three aspects of this model that are oversimplified or might be wrong in
real life.

T T HCE (ENA A AR B AR JE o (L 2 T e SEariy — (BT 1H -
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Integrated Examples z#& 1511

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

EE 4 paskia st il

T

L (E S AT A

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

Daily Stock Market Predictions

e Predicting Stock Prices Using Linear and

Nonlinear Regression

(58 FH &R PRI B MR 2 B YRR RS S (B A
http://mathcal.math.cuhk.edu.hk:7537/ © e

22222

Legend = Close Price History =  Mathematical Model
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Non-Linear Regression with R Shiny (for time data)
FIFH R Shiny #E{TIRGR M EER (I FrE0E)

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

®* Non-linear regression R Shiny tool (for time data)
The x values (column 1) must be some dates Z51 fif .V ZH 2 H HIFS =
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 T DL 3 5T & RHE & IS L

o Many models available 2z fgfEA a] (L5 45E:
Linear model 4§ {457
Quadratic model — ZRfHEAY
Cubic model =2t
Polynomial model 255 =&Y
Power model ZE &R
Exponential model f5&iE A
Logarithmic model 8 &Y
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Non-Linear Regression with R Shiny (for time data
FIH R Shiny #E777EGR 42T (H5 P80

Upload your file: ? T
150 !

Browse... data_MLR.csv :
Upload complete :

:

Plot Data point |
Time Interval 1 L !
]

1990-01-31 to 2010-08-31 2 . |

o 7 4

Model ? . F |
oo

Quadratic Regression ~ ERE ‘{' |
|

1

1

]

]

]

1

1

bf‘( *
_ o 102 F.

y = 0.000448z° — 4.82x +1.5-10 =

Residual sum of squares: ? ] v

RSS=1.05-10" 155

Date
Prediction for:

2030-01-01

7e866.12

Time Interval 2

2010-08-31 to 2024-08-31

Model 7

Cubic Regression A

y=4.7-10 "z* — 0.0172® + 208z — 8.5 - 10°
Residual sum of squares: 7

RSS=15-10"



Non-Linear Regression with R Shiny (for time data)
FIFH R Shiny #E{TIRGR M EER (I FrE0E)

° Exercise &

Non-Linear Regression R Shiny tool FE4# M4 40FF R Shiny T &
https://www.math.cuhk.edu.hk/app/mathmodel/tool.html

1. Consider the sample stock market data J5E17E5E#} in the tool
(also available as data_NLR.csv on our website)

2. Use the tool to try different models {3 A T B E 5 A [E] VA

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

HIAEYRFRIE: > F A EREAY o (RERZ SRR 7
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Advanced methods and tools for
mathematical modelling

BRI TR e TR,




Modelling with Sigmoidal functions (S-shaped curves)
ER S 2 prEERA

® Sigmoidal function is a type of functions whose graph
has a characteristic S-shaped curve.

S AIpHEUE—MEREL - NEEE G INGFEE S o4 - 05

1-

o Features 45t
* Progress from small beginnings &/ \GE45 !
« Then accelerates i [
« Approaches a maximum over time FE=2 %Ay HERE BT iy AME

o More examples of S-shaped curves S & R8N 5 2451+
https://www.math.cuhk.edu.hk/~mathcal/MM/Sigmoidal.html

o Modelling life achievement using S-shaped curvesi® i S FLrAEETT A4 R EkHY s
http://mathcal.math.cuhk.edu.hk:7562/
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S-shaped curves of life achievement A ERSEEAY S LKL

o Modelling using S-shaped curves actually matches latest scientific findings!

[EF S I HISRAVERA T IR G adfiIR 2R |

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

Science, December 2025 &7 N a5 K- FR A ek s - (FHEE) - 2025
F 12 H https://www.science.org/doi/10.1126/science.adt7790

Early Years Peak Performance Age

o Analyzed the development of more

than 34,000 adult international top ol o — -
performers in different domains, _\w.;g:i&fg,/’"—

including Nobel laureates, the most ~ #| %" o

renowned classical music composers, :
Olympic champions, and the world’s /’ Fiae ¥

best chess players.
GrEbtFT T 34,000 2544 [EIEIEHY BIFR THAR i ARV B - HrpElihss H i
foF ~ BN S SEES - B AR E R A EIPR S T -

T
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S-shaped curves of life achievement A\ £k EEAY S TR EL

o \ery similar developmental pattern of world-class performers across different

domains A [E]SEIE( TSR A A Y A= I EE THEL !

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

A Athletics

Performance
(championship level)

age 14 to 22 years.

508 44 1f 547 E) B BLA20 LR GUBEN R (FEELTTLAT 2255 ] HUBEERTELE: -

« (B) Performance level of 330 physics and chemistry Nobel laureates versus 1595
physics and chemistry nominees who have not earned the Nobel Prize. 330443 H R

VLRI LB S T B 15954 K8 34

World-Class Athletes - == National-Class Athletes

— e G e m e e e e - -
o D A -
e -
=

14 15 16 17 18 19 20 21 22

H IR LR e A BB 57K LD

p—
- - -
- 8 =
-
o

-
-—
ot
-
—
o
—
-
-
—
=
- -

-28 -24 -20 -16 -12 -8 -4 0

Years before Nobel award / nomination

o
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General Fitting XY R Shiny tool XY&#5—f&#&Hé& R Shiny T E

°* How can we fit datasets using S-shaped curves or other complicated functions?

QOMRI{SE A S FF A SR B A A R R B ot = R 7

° General Fitting XY R Shiny tool XY&i2—##&tS R Shiny T HE
https://mathmodelcuhk.shinyapps.io/general-fitting/

o Key functionalities: = ZIfE
+ Easily fit different customized functions including EE2MAC B ESTR0EL > 15
» Polynomial functions ZIE=pRE]
» Trigonometric functions =4
 Logarithmic functions %8 p4#4
« Exponential functions f58 48

 Different real-life data can be used as input =] {ff F &S R EHELE Sifia A
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General Fitting XY R Shiny tool XY

st e R Shiny

° | oading dataset and prescribing the desired form of the function

sk AR SRS

48 E FTAs I BT 2

Input Your Function: ?

Fit ?

42



General Fitting XY R Shiny tool XY &5 —f&#%t& R Shiny T E

® (Obtain the best-fit model 54 g {EEFSTERY

_

Upload your file: + ?

Browse... =~ Hours of Daylight.csv

put Your Functio

y=a“sin (b*x+c)+d
b: 1
d: 1

Submi Fi
Best v

y = 1.7043 - sin(0.55727 - = + 4.4092) + 12.337
Residual sum of squares: ?
RSS=0.7T7323
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General Fitting XY R Shiny tool XY

o FEvaluate residuals and errors S5 EZR =

st e R Shiny

Best Fit Curve
y = 1.7043 - 5in(0.55727 - = + 4.4092) + 12.337

Residual sum of squares: ?
RSS=10.77323
Residuals

Squared Residuals

44



Exercise: the growth of common water hyacinth /K& E Y4 £

T4l KBEER, . REITSTHEDRIE

o E t:l:: }Ej{ R 77,% 7}:7%'\}35 “}b L ‘~1’ . g 2t
=T ST T 0 25.01 21.17 26.83
10 57.77 46.59 46.67
20 126.79 116.53 82.87
SHUXUE 30 254,74 301,94 162.70
40 625.95 878.01 361,05
50 1578.94 2 166.43 842,95
60 3621.85 5 085.05 1 866.37
70 6 721.45 § 620,32 3972.83
b 80 10 189,24 13 298.84 5 644,10
90 15 009.17 20 713.92 8 778,56

e RS 30 BoKHIF TR RO, FHhaadE o SRS AR IR0, S TR Rl ok

A e EI S AR (2003) G KBTI A 545 BORE RIS,
»

GEBEHERE - 5= o -
(BehE s SR EAEDFH) o =

B
L ‘ : . — ¢
0 10 20 30 40 50 60 70 80 90 100 45



Exercise: the growth of common water hyacinth 7K

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

Use different tools to analyze the growth data in Spring

FERARE T RR IR

Day

0
10
20
30
40
50
60
70
80
90

Spring
25.01
57.77

SRR B

H [

HYZ

RS

12679

254.74

625.95 &
1578.94

3621.8
6721.45
10189.24
15009.17

33333

46


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

Exercise: the growth of common water hyacinth /K& E Y4 £

° Let’s try the polynomial model gz 25 78 = =]

Upload your file: ?

Browse... = Ex1Growth-Spring.csv

Best Fit Curve

Model 7

Quadratic Regression -

y = 3.1622 — 133z + 799

Residual sum of squares: 7

RSS = 2.56- 10°
| ] Residuals
(") Squared Residuals

Prediction of:

0 I3
Day

47



Exercise: the growth of common water hyacinth /K& E Y4 £

B2, y=799.196—132.926:+3.159 15:7,
B2, y=1112.68—184.387¢--4.319 1622,
Tk, y=517.62—81.253 9t +1.865 72:2,




Exercise: the growth of common water hyacinth /K& E Y4 £

° Let’s also try the exponential model &z 5B 7!

ZRMEMEBEEL: Iny=at+b, HPa Mo BEFERE. iCny Bs(B) s=ar+b), HHB=
NET s Hr PRI ER, £3EH s=0.080 3:-+3.27, FFY¥ s=0.074 3 --3.39,
FKZEH 5=0.068 6:-+3.19. ¥ X RELRFNTER B, BT UDFER, BB ERKAR
A y=26.3X1.08, BFTMAKBERS y=29.7X1.08, HKBRIEKERY y=243X1.07

40 000
35 000
30 000
25 000
20 000
15 000
10 000
h 000

; -
100 7



Exercise: the growth of common water hyacinth 7K

Upload your file: ?

Browse... = Ex1Growth-Spring.csv

Best Fit Curve

Model ?

Exponential Regression

Residual sum of squares:

[7) Residuals
[[] Squared Residuals

Prediction of:

0

?

Upload complete

y=29.7-1.08%

RSS =17.98.10"

Spring

200004

120004

100004

20004

Day

H [

HYZ

RS
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Exercise: the growth of common water hyacinth /K& E Y4 £

° |n fact, biological growth may be limited by different environmental factors and
cannot be unlimited!

=H b AV R R RS R N R AYIRE] - R FEERIE & |

o 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):
ENE G » G245 PF Verhulst 71 1840 SEEFH%EE [ 580y RA5HA -
Ve 1 & VAR R BEAY (—FE S ﬁﬁa”ifﬁ@) :
Y T 1 ebkx e y=12j§2§;;‘ii?s,, 07 <90;

s

AUl

-

: : oy . 39 605,959
o Let’s also try this model using the general fitting ZE=. Y= oo 0=<1<C90;

= ' T
R Shiny tools! 14 499.129

BAIA YA — RS R shiny THGEMEER | ¥F: v=1Fmws > 0S990

51




Other IT tools for math modelling E =2 2 FE AT

There are many different freely available IT tools suitable for math modelling!
HIRZ BT T H 3R e |

Microsoft Excel
« Statistics 4551, visualization #2&A1L, ...

GeoGebra
« Geometric modelling 2&{a[%&f=, functions LY, ...

Desmos
* Functions and graphs #A1E 2, data fitting &&=, ...

R Shiny (by CUHK Mathematics & S AR EEE 2457 2%)
* Regression (linear, nonlinear, multiple, general fitting, ...)
s (SR1E ~ FRERME ~ 2T~ —fikdES...) , Probability 25, ...

Other programming tools HEA#2=ats1 T E (Python, R, ...)
« More functionalities and greater flexibilities 5 25 IJEEF1 5 KE2 E




Microsoft Excel for math modelling FH A8 i3

° Many functionalities useful for math modelling 2% #5223 55 FHYTHAS
« Statistics 4ET55H7
+ Regression analysis #4537
- Data visualization (scatter plots, bar charts, ...) 8HEE &L (BEE

(1]

&S5

i

Y (actual)

_ B 35
1 X | Y (actual) |Y(predicted}‘ Residuals ‘ 1 Metric Value ‘ °
2 1 8.49 8.46 0.04 30
3 2 9.72 10.94 -1.22 o Mean X 3.5 ° e o
/ 3 13.8 13.43 0.36 El Mean Y 19.64612 25
5 4 18.05 15.92 2.13 V'l St X 3.02765 " $
6 5 17.03 18.4 -1.37 ®
7 6 19.53 20.89 -1.36 g Std Y 7.664861 . ®
3 7 25.66 23.38 2.28 M Correlation 0.982058 ®
- B 2633 2586 967 il Slope (b) 2.486199 10 o
0 9 26.56 28.35 -1.79 °
1 10 31.09 30.83 025 [k Intercept (a) 5.972026 .
p) 9
3 0

i




A

(i
i

+
pullts

GeoGebra for math modelling
® GeoGebra (https://www.geogebra.org/)

o Adding data points and regression lines ¥ IS HE BER 1A EF 4R

GeaGebra Calculator Suite ( A/ Graphing ~

Basic Tools LIBLE g
k‘ OA —— 7
Move Point Slider
6
Intersec t Extremum Root
Best Fit Line
Edit
Select Objects Move Delete
Graphics View
A L]
Show / Hide Show / Hide
Label Object



https://www.geogebra.org/

.t,

GeoGebra for math modelling R 82 2234
° Modelling with functions interactively {5f FH sl 86T G Bh = 215

/

B =(2 3)

C

(4, 2)

D

(5. 4)

f: FitLine({A, B,C,D})

= y=05x+ 1
a=109 :
5 o 5 O
b=-1.6 :
5 ® 5 O
c=-11 :
5 () 5 ®
d=-0.2 :
5 ® 5 O

g(x) = ax+bsin(cx)+d :

= 09x—1.6sin(—1.1x)—0.2




° Geometric modelling £&/a]7f&

GeaGebra Calculator Suite

Coyot wsys v s
Given Length
o~ ~
Ray Vector
Circles

© © Ci
Circle with ~ Circle: Center  Compass
Center through & Radius

e 4

Semicircle Circular Sector

Polygons
Polygon Regular
Polygon
Transform
> b \
Translate by Rotate around Reflect about
Vector Point Line
° k.o
. o

Reflect about Dilate from

GeoGebra for math modelling A~

EE+
/Wt

4B
L
s

'EEI‘Q
Et

@ Geometry ~

| g
! Perimeter of DSRQPONMLKJIHGFE = 17.7

U,

Area of DSRQPONMLKJIHGFE = 9.6
< & <! My )
5 3
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GeoGebra for math modelling

—

® Other interactive functionalities for modelling

HoAth T 2R & Eh (T AE

GeaGebra

Q search © Google Classroom | ( €2 GeoGebra Classn

2
Ruyi Bridge [] Lucky knot Bridge

12(x) = 13sin(045x - 16)-02

P

[ curve s
@ C=(1140)
® A-1000
@ H=(C02)
® B={100
D = (0, 140)
[
= {0, 14, 0)
2= Prsm{ABCD} o
@

2254

. o
2y




Desmos for math modelling

[11]
[t
+
AT

S S

—

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

e Interface ) 1:

Left: equation bars for inputting equations and expressions.

frizE s AR A TR ORIz S Y AR U AE

Middle: the graph window that Exm=m= __desmos
visualizes the equation.

] - AR BT ARG
B AR o

Top-right-hand corner: the

toolbox for different options

of the grid.

s IR E AR d
EETHAY T HAE - ~

your beau

rrrrrr

eeeeeee
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Desmos for math modelling F X8 B2 245

Adding curves and points a5 %S

= Untitied Graph = Save

+ s & K g
1
. v=ax+b ® *
® o=t
. A
3 4 T
(> b=-33 -
2 .
(2.75,0) |
8 6 1 2 0 2 1 5 10 12 11
2
Lo 1
[(E) a

59



A B 72

NE=S

(o,
i

+
pullts

Desmos for math modelling

Adding data points #risEdEEL

60 T

= Untitled Graph | Save

+ b & «

v | @




Desmos for math modelling

= Untitied Graph

Choosing different regression functions 72§ [E]HY

desmos

Save

—

S

LU 4

X @ h1
48 54
2.3 21
51 47
3.2 27
8.3 75
33 30
15 20
92 88
5.5 60
83 81
2.7 25

2]

Linear Regression

E
¥=29.37087x +1.31605

R =0.9644
r=00821

RESIDUALS

e, plot

«

A

(1]

|

EoNA=
2y

B

.
= Untitled Graph | Save desmOS

it [} ¥ N T S S S L S S S S S S R S A L
80
60 .
! /
40
- 's 4 «
a
&
48 54
20 . 23 21
5.1 47 80
3.2 27
33 30
60
1 7o 1 2 3 4 5 13 20
9.2 £
55 60
83 81 40
2.7 25
@ Exponential Regression v 20
eauation —
y=18.40551 - 1.1896"
Log Mode @
| sumsTics ESIDUALS i o
@  R"=0.9269 21 | plot
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d
g g
//>
Yy
<3
4B
L
s
”-b
/it

Desmos for math modelling

Adding restrictions on functions ¥f R IR

= Untitied Graph | Save desmos

Piecewise functions 47 prEs

Qe O
+ s & «

1
Y v={o<x<so000:0¢} " go000
QN »={50000<x< 100000 5000 + 0.5(x — 50000) }
3 40000
= {x>100000: 30000 + (x — 100000) }

00000

0 20000 40000 60000 80000 100000 120000 140000
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Other programming tools for math modelling: Python
HAMBER R RYAZ 2GEeaT A © Python

* A very popular computer language for science and engineering
— IR R TRYRI S TR S =

o Highly customizable =E ] HE]

o Different packages and functionalities for math modelling F2{t F i SR iR FE Y 5 e

i)\ﬁﬁ@%ﬂyj

Regression z_Eﬁz TN
Probability {25547

Data input/output g5 A/ H
- Visualization 181
«  Optimization H{E{k

° Freely accessible via online or offline compliers T[iE 45 B4R 4 2R os 6 Ee {5

Google Colab https://colab.research.google.com/
* Anaconda https://www.anaconda.com/
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Python notebook examples (exercises) #Hifdl ($kE )

o Basic operation of matrices 4EfHERYE A EE
e https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic Operati

on of Matrices.ipynb

o Ordinary least squares —{&&H/NEHE
« https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Ordinary Lea
st Square.ipynb

o Basic statistics and statistical distributions ZE#Esi s 4=t
» https://colab.research.google.com/qgithub/CUHKMathModel/Python/blob/main/Basic Statisti
cs Tools.ipynb
» https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Statistical Dis

tribution.ipynb

o Dataset handling &3 EH
o https://colab.research.google.com/qgithub/CUHKMathModel/Python/blob/main/Introduction t

o Dataset Handling Using Python.ipynb

64


https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic_Operation_of_Matrices.ipynb
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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) #iff| (&2 )

o Basic operation of matrices 4EfHERYE A EE
e https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Basic Operati

on of Matrices (Solution).ipynb

o Ordinary least squares —{&&H/NEHE
« https://colab.research.google.com/github/CUHKMathModel/Python/blob/main/Ordinary Lea
st Square (Solution).ipynb

o Basic statistics and statistical distributions ZE#Esi s 4=t
» https://colab.research.google.com/qgithub/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

o Dataset handling &3 EH
o https://colab.research.google.com/qgithub/CUHKMathModel/Python/blob/main/Introduction t

o Dataset Handling Using Python (Solution).ipynb
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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 modelllng R

HA AR BER R GG T T A R

* R (https://www.r-project.org/)

o Useful for statistical analysis FIiA 45514747

o Alarge variety of built-in functions available 2% & 1PN 2 L

°* Many examples in our Math modelling e-book contain detailed R codes:
BTV ERE FE T a2 a5V R f2=(4685
 https://www.math.cuhk.edu.hk/~mathcal/MM/
* Username: mathmodel
« Password: mm@2024
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How to Write a Mathematical
Modelling Report?

AA] S B A s e 7




How to Write a Mathematical Modelling Report? #[1{a[ {55 i 8 7 i 4= 9

N

o Introduction 14&8

Describe the real-world problem background 7R B4 & E R =
Review the relevant prior works DIf3:a4HRE T/E
|dentify the current research gap % IR AL 25 =

o Proposed mathematical models & HYEERREAAY

Introduce the mathematical tools involved /1-4Z2FT4% & iyEEE T A
Describe the proposed models in detall W|th reasoning and justification

s LT fe cH AR 40 A s

Present the experimental results [E <& nsd
Describe the subsequent model refinements with reasoning and justification

i A% S AN SR T &6 L R M 56

o Conclusion %536

Summarize the findings 4&45HH 77455
Discuss the advantages and limitations =& {EEF1 SR
Discuss possible future directions =5z A< 2K B SEFY J7 A
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Example: Analyzing and Predicting Infectious Diseases in Hong Kong
P+ BB EIYE T R TEH

e Past MMCSS competition problem (2024/25 Junior) DI/ EMMCSSELERE H (2024/25 ¥)H14H )

Analysing and Predicting Infectious Diseases in Hong Kong

Nowadays, there are many outbreaks of infectious diseases.

Established in 2004, the Centre for Health Protection (CHP) contributed to the development of
the capacity of Hong Kong’s public health system to deal with various important public health
challenges. Through establishing a disease surveillance system, strengthening infection control,
enhancing laboratory diagnostic capacity, conducting risk communication and health
promotion, developing applied research and training programmes, and preparing emergency
response plans, CHP seeks to prevent communicable and non-communicable diseases with the
following commitment (the 3 ‘P’s): “Protect the health of the community”, “Promote healthy
living” and “Partner with stakeholders”.

Beside preventing communicable and non-communicable diseases, CHP also plays an
important role in recording various notifiable infectious diseases, conducting risk
communication and health promotion.

Consider the website of CHP (https://www.chp.cov.hk/en/static/24012.html), or other
appropriate information, to complete the following tasks:

e Identify two diseases that you suggest to deserve special attention in Hong Kong in the
coming future. Provide your justification.

e Among the two diseases identified above, select ONE to develop mathematical model(s)
to predict the total number of cases in Hong Kong in 2026 and 2036 under different
scenarios:

(i) normal scenario;
(ii)  high-outbreak scenario; and
(ii1)  low-outbreak scenario.

State the data you have collected clearly. Your data must be accurate, with sources cited, and
your argument must be logical and sound. State clearly all the assumption(s) you need in your
modelling process.

E AR A R T

RS HE - WEEYRIE A3 E -

fEEpiE L (CHP) Y 2004 SEREIT > EAERRTIERAIEIE LS - DUEA A3EEE
MIPREK - BT HIR EOHISEES DR TER ~ SRTH BRI ST ~ HETT b 2
R (et iE ) - S T RG] - DU A E RS e EE T E - SO A
PRI - DIE B IRIE T A RR ~ R (R R 2R 70 R BLAH R &5 7 B IO FERR AR Y
K -

PRECH TRV AR IS 0 - WG b O AEsC A A 2 ~ Tl i
R R R T M E A

SFHeZ A5 EE o4 E (hips://www.chp.gov.hk/te/static/24012 . himl) B0 HAth & 8 ey &R

LIS LA ER -

o RHIMITEIRER R A AR AR TAE A T IR A - nfRptE -

o HNERIFREIYRIEP—RE o B EEHER DU FUHIE AR EIE N T E 2026 4
i1 2036 FFHYF ASFH A E -
(i) AR
(i) e
(iii)  ERSEFEN -

A Y ARATUCRAY SR - BRI VAR - Sl R & TR - BEUAE AT
e LAY PFTE RS AR A
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Example: Analyzing and Predicting Infectious Diseases in Hong Kong
P+ B AEEAYHE AT SR

Techniques that may be useful:

AR FHEVEDT

Regressionil g 5747

- How to predict the trend? 41{a[ & HIlEEE: 9
- What are the variables? &#EHrLE ?
- Polynomial/exponential/periodic/...

2RI ..
- Short term 45 HH
- Long term £Hf

Probability and statistics ff2E147 =+

- How to model high-outbreak and low-

outbreak scenarios?

QORI e R s AR 32 1R 2

B (AR A R FAH

RS 11 E - W ERAE R R &AL -

AP L (CHP) 1A 2004 FEETT - EERAEEALEE LM DB RG4S
AIHKER o BB ER T R HIAEAE ~ IIoR RIS - FETH BRI RE T ~ T\ i
LR (R EE) - SSEIEATTT 5T E > DR B E R St - B TE
RAIIE YR - DUEESCRETT AV - HERE(RER 40 R AR & 7 B O EE R R A
HKE o

FRECOTAVHEASR ARSI - BE N T O eSS BUR R - TR
R R TR S A E EE AT

FE S A 5 B0 48 E (https://www.chp.gov.hk/te/static/24012.htm) 3 B A& B A ZE R

PASERRLL S -

o FRHRITRIREEAIEN R R R EAE T AR BB LAY EAYR - IR AtE -

o BN IEWEEIYRIE G —E o BRI EERER DTN E R EER N E 2026 4
1 2036 AT E K 4EE] -
(i) —AREN
(i)  EEEER
(i)  fEREBSEMN -

AP AR ER - B SRR S AR - SR R G T - AR AT
SALHIFTA BESIRREMTY I -
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Example: Analyzing Tourism in Hong Kong

Bl BAEIRIEZE T

e Past MMCSS competition problem (2024/25 Senior) DI EMMCSSLEEEH (2024/255 5140 )

Analysing Tourism in Hong Kong

Hong Kong is known as the “Pearl of the East” and is one of the most popular tourist
destinations in the world. Understanding and analysing the trends of visitors to Hong Kong is
of great help to the development of Hong Kong’s tourism industry and even the overall
economy of Hong Kong.

Complete the following tasks:

1. Design mathematical model(s) to predict the annual number of visitors to Hong Kong
in the next five years (2026 to 2030).

2. How should Hong Kong allocate resources in different industries to promote our
tourism industry? Please justify your suggestion(s) with mathematical model(s).

State the data you have collected clearly. Your data must be accurate, with sources cited, and
your argument must be logical and sound. State clearly all the assumption(s) you need in your
modelling process.

B o T

THAWER THRITZ ) BRI RIEN  — o TR A
AR SR AN R ARG FEREL -

A e L MEF

I GRE TR DIFHR A LA (2026 5228 2030 47 ) HVEFSIERE AN -

2. é%ﬁﬁﬁﬂﬂf A ETTRI R D e R AR NRESE 7 55 DA SR A 7 R (RAY

= o

[3E

ar Y R IRPTCRAY B - BOREEEMEND YA » St/ o P - RIEEfE Ay
Ezi[ﬂﬁﬁﬁﬁiﬁizﬁi ARSI -
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Example: Analyzing Tourism in Hong Kong

¥ EARAEZE T
Analysis 77¥7:
o How to predict the trend?
ARl FECATTR 2 s 25 2

o Land/sealair? [Ep&//EEEIZE S ?

o \What are the variables affecting
tourist number?

VSR N g7 SITE YN S

®* What is the relationship between
different industries and tourism??

AT 2 S BELR 0% S 5 A [l i 2

AR AT

EENIERE TRIT 2k BRRESZ RIS — o T AR AT S AR A
SEE AR SRR 2N F AR OR A -
iA TE AL THEFS -

1. SR AT AR AR (2026 428 2030 4F) HYEESEBIRE A -

2. EAEDFEA EI TR BCR IR M S R IRE SR ? 55 AR A SRRy

an VI IRATWCRAY B - B SRR S THACR - sRst/ e Pl - AR T AT
s ILEFTA RS R -
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Sample report (1) — 1-page summary

225 Fin (1) - 1HiE =

— HE

AR E P Y IBEREA » FUAIE A LA (2026-2030 £F) HYEHE A
B R 2 TR M M B A R B R AT A [E TR AR & R DA HE BRI 5% - s
{bEEERICE L e RIS -

SRR —  ASCUCEERE SR AB - DURAHRHSME 2 R RR PP 53T
PEIERT (2013-2019) ~ EfEH (2020-2022) ~ PR{EHA (2023-2025) —=FGEEFHH - &
FE FIBERA B FEIES S BN fE] P 52 b - A E R IR A FEIRREME
BE RIS R - TSR A B - SRS 2013-2024 5 S EZ ER
PRI STL oA AR ETER - 15 ZREMESRE 0.864 » I EEEREN 1 [HIERRE /178
B PISMESE B [SARIMAX(2,1,1)(1,1, 1, 12) IR TN - FONIE & AR BRI
1Y 2027 52 PR L FRIZKAE (6,300 8 ATV ) > 2030 2 6,680 FAK - HETT
FRENTRNERG % - PRGN FII@ N H s tEEE (MAPE) £ 6.50% -

A ASCEEEEEA SR EEEF NBHIRRNE - iz
S R EE AT A B b FCHRIS - U8R 2015-2024 & S B [61[7] (HFR
FEIE A 2020-2022 FEHE ) 12 - FRAZITTHRIEREFEAIOIRIBES R (S
8~ BEFE (PEEEE) FUEEAER (EEER) FRFHTEABHIR
8 IHEETE N R MBS NERNERE 2B EUREEEE (-0.87)-
gnhE) (2.5) MiFRERE (0.79) SREHE BN = ARBANZE - E{CEFEAR

R 99.0% (R*=0.990) » ~FEJFHMIERZE Ry 3.59% BT 35%F AT BEH

{E RS ELE (EFERRISTSEREG 20% - FRIFERETE 10% - S RN 5% ) » 45%
HIFRAPSETEESCRy (BREEBESHRE 25% « SUETEEER 10% ~ JEIEFRIET

£ 10%) > 20%H RN eI R E R - s K BB EERECE -

A FE AR A RR Ty AT AN R EA TS 0 8 R sl il - UM 2026-2030 fEFE K
NRAOHIE e BRI - WcEtaim iy BOdE - B BUR S EheFalt
R T A D R MBI RS R - PR HE RS 2 HA e R GRE s R AR 1T 5
FEA > Rk SRR RIS e (R SRR 8% -
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Sample report (1) — Model assumption

25 Em (1) -

3. 1 BARfREL

RS ZEEMEE A 2026 £ 2030 SEE 4R - A EA NIBREE
(SARIMAX f&HA)

e EAC el Rl 2 1% » BBIREEE T2 AE REVETT;

{Ease & A A St /KB AR et Bl SR P I KR T PR 2 — Bt ]
(SARIMAX H#E]) ;

(s £ et Al 38 T 175 1% = T DR Bl A 2 s DR BT > 2026 22 2030 Hfid]
P HERT DRI R Y534

BE% B EREEHY MAPE (B 15%05 - #18 BA 082 (I TEHIAE

(A S (E AR ] DL i S S SR B MR 1S B s

TR SER S N2 B SN RAG G 8 » EERNR ZBHFEAE
T REHAHRA M

(sl AR B R S E R R T > TR SR RER S AR B

HRI A BRSSPI R AR (5 - m DA R R (B R

Rl o

ll

A,
fEREse 25 TR M (o] s A PR B T AR A e T Y TERE 534 o

3. 2 FraREiEA
2 3.2-1 FrREiH
R a% B
Ye FTEBEEE AR [EL
T, FoThikE BRI [
S, T NE 5L
R, Fn A SR R M AR B B B
yie+1 Fer (R RS TECRE EL
vhe FOTE HIR R AL FEHME 51
a FrEEy 0<a<l)
N FOREEAR R
z FREEKELTED Z
o FoRTHIME At 2 k)
Y Feraa AR (JEEER) JirgCs
X, FRHIBEIS K AR
X, E T | PN Btk (%)
X; FORIENE S S
Bo FoonolE iR EE
P IR BRI N IR (B
B ForoBIE AR EE 3
Bs FORHIE S EY Bl R A8
E GEMEGRT - Fo B SR T %A R R BT E
E, TR SR (8
E, TG AR R
Es TG P (SR M (R

A AREEHRF SR AR R
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Sample report (1) — Formulating and solving models

25 Ein (1) — 208 RORsE AL

STL ( Seasonal-Trend decomposition using Loess ) 437 &0 ] 451 2 A% 4.1.2-1 SPGB
LGB FIRER S PR - REARITABESY o« RTRAEERS RIS B mm
FEWEAT (2013 4E 1 HZE 2019 4E 5 ) RIEFRD] (2023 4£ 3 H 2 2025 4 1 “ |
) BEEA RS AR (2) BT E - WWW
log arrivals = np.loglp(total arrivals) (2) oo - ot -

Trend Component

IR/ 5 BB (L ELRTE M« WS R statsmodels [ . /

STL JiiAs BRI SR A (3) f1azt (4): o
stl= STL(pre_covid['log_arrivals'], period=12) (3) “ Seasonal Compenent
I'Csult = Stl. ﬁt() ( 4 ) . ‘l".‘l ;" ‘,‘I‘ - "‘-I“I :l:;‘ .‘.‘. lr‘::‘." l"‘ll ‘;_‘ ‘ “l“-- -‘I“ “.-_AY.‘-" ‘-‘I‘I‘I ‘I./,‘l ‘.IL
Monthly Seasonal Pattern in Hong Kong Tourism (Pre-COVID) 04 o YN l. l I o .
+0.106 +0.107 +0.104 o - o ResiZ?J:I Component o o o
0.10 0.10
. +0.043 b 000
§ 005 ' 008
(g) - +0.008 2013 2014 2015 2016 2017 2018 2019
g 0o - — 4.1.2-2 FEf5RT SLT 45 fle
§_0 . . . L . SIS RET TR ¢ 0.864 - MIBAMETR  0.864 - FHHABURAVRET RS,
& ’ - “ » X
0000 0,057 -0.057 J@éﬁﬁgﬁ% * %gﬁﬁﬁ ° Iﬁlﬂ%%fﬁﬁﬁﬂ% Eﬁt.[[f% *%Et : E§ (7‘8
o A) R4 (12-1 ) BEEF > BRAFIEREIES) 21.68 M58 (8 AR
e N =5+10.65% » 6 A E-11.03% ) -
ga- & - ey o & N o R & & & =] Yo H &% %0 )



Sample report (1) — Interpreting and validating models

2ZEm (1) - ﬁiﬁ%&%ﬁf?ﬁ‘ff =ik

Hong Kong Tourism Forecast (2025-2030)

RN TAEREE T o SRR IR o tERRE (MAPE) Ty 6.50% » 15
JifRzE (RMSE) £y 411,420.39 (B © HEEE ) > RIUJMELEIIEE 28

[ —— P o o B B A -
P MBI STL 775 » FRAPTAT LS H 2 Bl A RIS + FReMA
| A » P A SR A\ BB LA 3 B R TR
o B PR LR -
C e——— FEPRIETRDNGRRS S+ MAPE L7155 21.39% » RMSE 551 982.670.61 (i
fir © ETEE ) » RO TS 14 bk (i 2\ B 1 2
;;l:é o

PR - SRR S - 3 COVID-19 288 AR TEHIEE D ATR -
FRANE R AR R B EE AV IS - ATREMEIA ST & S MBI A 1R R RS
AV




Sample report (1) — Formulating, solving, and interpreting models

S5 Em (1) - B ~ SR R Ry

4. 2 {E%5 2 - WA ETT SRR TR AR H A5 7

4.2.1 AT

A A R RS T B S A N R A= AR SR

42.1-1 % 4.2.1-2 filE 4.2.1-1 :

T 4.2.1-1 BRI EEEIEMEE (2015-2024 £ - HIFREELIRE)D

£ HEE HEFEE 2 EERE BEEAEER RERKRA  SEAR

tr &K (%) (%) (%) (fEH%) (A
2016 116 1287.08 3 85.92 20.83 56,654,903
2017 99 1286.75 3 86.92 19.00 58,472,157
2018 122 1375.42 2 87.92 21.05 65,147,555
2019 93 1206.00 2 85.92 21.33 55,912,609
2023 84 1395.33 3 82.25 14.83 33,999,660
2024 72 1316.30 2 84.20 17.28 36,678,799

% 4.2.1-2 BRERBEGE NBEIHE B

i SR NBEHR AR AHRAMRRE

HIEE R 0.86 fi e T AH B
IEAER 0.958 Fi 4 TEAH B
(e -0.124 55 & IEAERR
SR A 0.893 {55 1EAH R
IS B -0.329 g E I
SHETREE -0.789 EBI=LiE|

Correlation Matrix of Tourism Factors

Year -

Concert Events

Hotel Price - 0.37 0.05

Fireworks Shows - -0.28 0.12 0.19

Hotel Occupancy -0.79 0.75 -0.31 -0.27

Tourism Revenue -0.78 0.71 H

Visitor Numbers -0.90 0.86 -0.33

=)
o
]
o
=

High-speed Rail Passengers 0.92 -043

“

Year -
Hotel Price -

Concert Events -
Fireworks Shows -
Hotel Occupancy
Tourism Revenue

Visitor Numbers

High-speed Rail Passengers

1.00

0.75

-0.50

-025

-0.00

-0.25

--0.50

-1.00
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Sample report (1) — Formulating, solving, and interpreting models

S5 Em (1) - B ~ oK R Ry

AIRIR AL S e 2 B M/ ME N 2 B B R M TR 1l 6-fil 7 o
HIFTESEE - ERAZ TR AMERER » a0z (6):
ENEL = Bo+ BrUEIEG R + BOHIEHE + BoJEILFIH +
BoBIE AMER + P EHHEREE +e (6)

SCESAMHRBRME AT 4G5 - FeFTEEEE BRI ¥ HERRY 0.6 A BB LR
B HAAK (7):
SENEL = Bo + PrIEIEEISR + BBIE AR + B HEFE e (7)
2B ARISEA T aH 45
R2: 0.990
SRR 0 0.981
F%ist&E 0 101.67
Fé&at&fp{E : 0.0016
¥ ER7E (MSE )+ 3159332151780.70
IR ERE (MAE) @ 1389721.44
IR E E EEERA (MAPE) @ 3.59%

SRR M EIF 4.2.1-3

% 4.1.2-3 (BALERIG A R AT E

W &8 BRERE tH pHE #HHEES
WEIH 4523935171 1,030,000 44.084 0.000  fEREEE
HIEEE 13,126,584.99 1,310,000 10.038 0.002  fiiEE
JEIE AL 4,752,518.81 1,160,000 4.111  0.026 HE
BEIEREE -3,400,101.09 1,220,000 -2.782  0.069  MEEEETH
F 4.2.1-4 BEGER (BREHE AR ERY)
HE SE MR 2
RS R ERL 079 AEER 1% FiEm NEEEEY 2.5%
IS Er 2.5 SIS SN 1% » 5% ANBUY 4T 2.5%

:/X
IS AR 0.79 AERIER 1% 57E NN 0.79%

BERA

I IR NSRRI A R - BE MR 1%

100%

HEIEG SR NBHEGRR IR E
DO 25%

HE A EREE ANBE —ERIERFE
& 9%

A NBE Iy

RGN 1% - 5 A

AERES 1%

i ABEE
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Sample report (1) — Validating models

3 [ AN A Lokt
=2 AEim (1) — bpse ety 4§ 2023-2024 FEATFEAHE T TR RELE + TR T S LA E24%
LA
4. 2. 2 ERITE S ERE AR B T a3 ARG IS L - EFE 2019 120 T AL
RS

SRS I R Y PR S BUR AT » e m] DASHAS BRI FEOHTRE
THHISE SR (E e ALY e R - BB B M R B e 21 ol S R 35
FHER o TMEREA FEE R TR AN 4.2.2-1 B -

22 4.2.2-1 IRAITEHIGS REIE IS E LR
Fty EEFEAE FEHSHEAR BHBE REBREESLE

TR AEAA RSO RRIEE S B TP B LR - B R AR TEMIEEST - =]
DU AR AR BRI E RO B 7y FCHe 0t AT SRR 28 {4 -
FEBBAGEITHE P aH R - ElMEEIRR 4.2.2-2

* 4.2.2-2 1HEEIEHE IR

2015 9,809,779 10,581,290 -771,510 -7.86% RHETEER BiE R
2 3 JF 7 WAL 5
2016 56,654,903 60,484,250  -3,829,346 -6.76% R 0.990 PALHRERE 1 99.0%H a8 \BEE SR
SHEL AN R2 s RPNl q
2017 58,472,157 56,514,220 1,957,940 3.35% REIRHTR 0.981 BRI R AR
2018 65,147,555 64,389,110 758,450 1.16% Fiati 101.67 PURRRETERSR
2019 55,912,609 55,028,540 884,072 1.58% Fyistitnyp @ 0.0016 BRI RS
2023 33,999,660 12,736,100 1263564 3790, ¥R (MSE) 3,159,332,151,780.70 THMIEA A A 7 9(H
NI A 47 S S 2 HERERVAR T {E s
2024 36678799 36941970  -263.169 0.72% SEHEERE (MAE) 1,389,721.44 MR AR (E Y
\ SEYgaEE E bR (MAPE) 3.59% FEMHIERZ S EREN T ot
TETEMEE R Al o fr e - — — N ; R . s
- o SRR PB4 R3S (MAPE) 5 3.59% » RIS BT s TR
BUIAE 2015-2019 FEAEL S L RIIRE - FUNEE T S LA _ T
b WM - A EMIITEHERE T L E 8% B N » #E— B E T AR 5
8% LA

M e



Sample report (2) — 1-page summary
25 Em (2) - 1HME

Abstract

Hong Kong has long been regarded as one of the most vibrant cities in the world, with a fast-growing economy,
a unique position due to its close ties to China, and various attractive sites. Known by many names—Pearl
of the East, Shopping and Food Paradise, and East-meets-West Centre—Hong Kong is one of the top tourist
destinations globally, attracting millions of visitors annually. As one of the four major pillars of Hong Kong’s
economy, tourism plays a critical role in further boosting the city’s reputation and soft power internationally.
Therefore, in this paper, we aim to investigate the trends of visitors to Hong Kong by developing a mathematical
model to predict the number of visitors in the coming five years (2026-2030) and exploring ways to further
elevate Hong Kong’s position as a global tourist attraction.

In Task 1, we first identify the different factors affecting the number of tourists in Hong Kong and project
individual factors to achieve the goal of predicting the future five-year trend. A total of eight significant factors
are taken into account, such as the consumer price index, crime rate, and purchasing power parity. For each
factor, we have made appropriate regression analyses and ultimately combined all factors to successfully predict
the future number of tourists in Hong Kong over the next five years.

In Task 2, we have divided it into two subsections: allocating resources in the short term and long term.
There are five main sectors in which the government can invest to boost tourism: shopping, hotels, dining,
entertainment, and sightseeing. We analyzed the visiting trend of tourists from different origins throughout
the year by separating them into two different groups and calculating their Popularity Index, then modeled
their consumption patterns respectively using the Importance Indices for each sector. We found out found that
shopping accounts for the largest share of Hong Kong’s tourism. Therefore, it is recommended that the Hong
Kong SAR government invest the most in the shopping industry. However, it is also important to consider the
elasticity ratio in the long term; the more money invested, the smaller the increase in the effectiveness of the
investment.



Sample report (2) — Problem introduction and analysis

25 (Eon (2) — A H B Ko

1.1 Background

Tourism is one of the traditional four pillars of Hong Kong’s economy. In 2018, it accounted for 4.5% of Hong
Kong’s GDP and provided about 256 900 jobs, representing 7% of total employment in Hong Kong (HKTB,
2025). Up till mid-2019, the number of visitor arrivals has been rising consistently. However, as the global
economy and tourism suffered from the COVID-19 cataclysm, the tourism industry in Hong Kong inevitably took
a huge downturn. Fortunately, as what we can observe from the statistics, with the inherit advantage of Hong
Kong as an international city, immense support from the Central Government and the unwavering determination
of the Hong Kong people, one will not be accused to be over-optimistic for saying that tourism is on the right
track of recovering in the year 2025. Even so, adequate government policy is still imperative for the visitor
arrivals to bounce back to the pre-COVID era as soon as possible. Under such situation, mathematic modeling
can prove useful by simulating real life conditions using numbers to help us with deeper understanding of the
problem and help with decision makings.

1.2 Problem Restatement

The tasks 1 and 2 are restated as follows:

1. By creating a mathematical model, predict the trend of the annual number of tourists to Hong Kong in the
coming five years, from 2026 to 2030.

2. Determine the method of allocating different resources to various sectors to maximize the effectiveness of
Hong Kong’s tourism promotion and provide suggestions to further boost Hong Kong’s tourism given the
scarcity of resources.

Definition of Important Terms

Terms

Definition

Tourists

Non-resident visitors who travel to a place, particularly Hong Kong, for
leisure, business, or other purposes

Major events

Events that caused, or will cause, the number of tourists to significantly devi-
ate from the predicted trend

Factors Determinants of the number of tourists visiting Hong Kong

Industries Sectors under the tourism industry which can affect the desire of tourists to
visit Hong Kong

Resources The amount of money or supply of other assets that can be drawn from the

Hong Kong SAR government for investment, particularly, in the tourism in-
dustry
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25 Fan (2) — 158G

Assumption

Justification

No major events e.g. wars, pandemics or de-
structive natural disasters that significantly af-
fect the number of tourists will occur in the
upcoming 5 years.

The probability of this happening is low, and
even if it happens, its duration and effect can
be hardly predictable.

The parameters that determine the number of
tourists will follow the original trend and are
also not altered by major events.

It would be difficult and impractical to predict
the occurrence of these major events.

COVID-19, the pandemic, only have a signif-
icant impact on Hong Kong’s tourism from
2020 to 2023.

While COVID-19 first appeared in late 2019, it
was not widespread at that time. Policies re-
stricting tourists were implemented in 2020,
and these policies were relaxed and gradually
phased out by 2023.

The cost of allocating resources in different
categories is similar.

Most of the short-term policies involve pro-
motional works or setting up minor events,
whose costs will not differ significantly in dif-
ferent categories.

Definition of Variables

Variable Definition

t Time, in terms of years. For the n-th month of year q, the t value would be
q+ "1—;1 e.g. February 2008 is represented by t = 20081—12

T Number of tourists visiting Hong Kong in a particular month

C The Composite Consumer Price Index (CPI) of a particular month

P The Purchasing Power Parity (PPP) conversion rate of Hong Kong dollars of
a particular month

E The exchange rate of Chinese Yuan (CNY) to Hong Kong dollars (HKD) on
the first day of a particular month

R The crime rate of Hong Kong of a particular month, calculated by the number
of crimes per 100,000 population
The rate of PM2.5 emissions of a particular month, in tonnes per year

Vv The proportion of expected tourists in a given month that ended up not com-
ing to Hong Kong due to a major event.

S The seasonal variation of T in a particular month of the year for a particular
group, calculated by dividing the average T for that group of that month by
the average T for that group of all months over all years.

o] The popularity index of Hong Kong as a tourist destination in a month across
different years

I The importance index of a spending category when allocating resources

B The budget of the government on the tourism sector each month

A The cost of investment in any one of the five industries: shopping, hotel bills,

meal outside hotels, entertainment, and tours

The elasticity ratio, defined to be %, which represents the ratio of change in
the number of tourists over the cost
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The number of tourists can be affected by many factors, which will be analyzed in this section. We will separate
the tourists into two different groups based on their region of origin. The first group consists of tourists from
Mainland China, Macao SAR, and Taiwan (Group 1), while the second group contains tourists from the rest of
the world, such as Europe and Southeast Asia (Group 2).

We have outlined 7 important factors, listed as follows, and they will be addressed one by one:

1. The cost of travelling, measured by the Composite Consumer Price Index of Hong Kong (C). A higher
value of C is expected to have a negative impact on the number of tourists.

2. The safety of travelling, measured by the Crime Rate of Hong Kong (R). A lower R will boost the number
of tourists.

3. The competitiveness of Hong Kong, measured by the Purchasing Power Parity, quantified by the conver-
sion rate of the Geary-Khamis Dollar to the Hong Kong Dollar (P). A larger value of P implies a lower
competitiveness, hence harming the number of tourists.

4. The competitiveness of nearby cities, particularly those in Mainland China, measured by the exchange rate
of CNY to HKD (E). A lower conversion rate means tourists tend to visit or stay in Mainland China due to
its lower cost, thus having a negative impact on the number of tourists visiting Hong Kong. This effect is
particularly significant for tourists originating in Mainland China.

5. The environmental quality, measured by the PM2.5 emissions (M). When M is lower, it means that the air
quality is improved, and more tourists would tend to visit Hong Kong.

6. Major events affecting the number of tourists, which will be considered exceptional cases. They may either
have a positive or negative effect on the number of tourists.

7. Seasonal variations.

Consumer Price Index

Purchasing Power parity of Hong Kong

Composite Consumer Price Index

4
C(t)=mt+n +Zai cos(b;t +¢;)
i=1

150
100
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Year
Purchasing Power Parity
4 10
P(t)=p +Znit’ +Zaj cos(b;t +c;)
i=0 j=1
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Recorded and Predicted Number of Tourists from Group 1
== Predicted Number of Visitors == Recorded Number of Visitors

6000000

a2 0000 |
Predicted Total Number of Tourists Visiting Hong Kong = 1000000
Year t:
Month 2025 2026 2027 2028 2029 2030 ;«é
January 4072835 4244549 3625519 3522108 3949773 3732013 3 200000
February 3649233 3711366 3161704 3128271 3494546 3263185
March 3683930 3716392 3186030 3234951 3583894 3355773
April 3870796 3817637 3285761 3389972 3712463 3462899 % 2005 2010 2015 2020 2025 2030
May 3728851 3508347 3115533 3268572 3529718 3310417 .
June 3556625 3358616 2934610 3133896 3328483 3160844
July 4270196 3934069 3459875 3735596 3907048 3764666 Recorded and Predicted Number of Tourists from Group 2
August 4620441 4168577 3714387 4053770 4169504 4044096 == Predicted Number of Visitors == Recorded Number of Visitors
September 3743709 3339531 3028424 3359429 3382271 3295454 1250000
October 4321772 3803053 3508202 3925786 3880396 3827740
November 4166676 3625496 3408927 3834365 3726083 3720130 1090000
December 4672623 4018751 3841789 4324104 4140861 4199126 2
é 750000
S
& 500000
£
2
250000
0
2005 2010 2015 2020 2025 2030

Year
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Comparison of Acutal and Predicted Number of Tourists for
Groups 1 and 2

B Predicted Number of Group 2 Tourists [} Predicted Number of Group 1 Tourists
Actual Number of Group 2 Tourists [l Actual number of Group 1 Tourists

From this graph, we may conclude that tourist numbers from group 1, that is from mainland China, Taiwan or
Macao SAR are unlikely to return to pre-COVID levels (2019) or grow further. A major contributing factor may
be the expected decline in value of the Renmenbi, which incentivize tourists to take advantage of the lower

6000000

touristic cost and stay in mainland China. On the other hand, tourist numbers from group 2 are expected to
gradually return to pre-COVID levels.

Since a larger proportion of total tourist numbers in Hong Kong are contributed by Group 1, we propose that
the total number of tourists may stagnate for the next 5 years. It may not be able to reach pre-COVID levels

4000000

despite the easing off of the pandemic’s effects.

Number of Tourists

Finally, we may evaluate the accuracy of the regression through this graph comparing T, and T, from 2004
to 2024.

2000000

o
N TN YAV TV TNV A Ab/AN
| .

2005 2010 2015 2020

Year

We see that T, lines up well with T,,,4 for both groups. T,,.4 is particularly able to take into account the
seasonal variations of T,,, as well as the rate of recovery of T,,, from the COVID-19 pandemic, which will
have the greatest impact on tourist counts as Hong Kong continues to recover from it in the coming years. This
suggests that the model will have a generally high accuracy for the prediction period.
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4 Task 2 (Part 1): Allocating Resources in the Short Term

4.1 Background

There are many factors to concern when making a resource allocation, especially on a complicated topic such
as tourism. By examining the Visitor Profile Report and Tourism Expenditure Associated to Inbound Tourism
published by HKTB over the past years, we observe that not only do visitors spend very differently on different
industries, such consumption pattern varies among visitors from different origins and develop distinctively over
the years. To ensure our method of allocation generates the maximal benefits, our model adopts a divide and
conquer approach by separating the visitor demographic into two major separate groups based on their origins
and allocate limited resources among the groups and within each group to each industry.

4.2 Short-term Popularity Fluctuations

To improve the allocation of resources in the short term, we must consider the number of tourists from a
microscopic perspective i.e. the monthly trends. From Task 1, we noticed that the trends of Group 1 (Mainland
China, Macau SAR and Taiwan) and Group 2 (other countries or regions) may differ. For example, by simply
observing the number of visitors in each month from Group 1 and Group 2 respectively, we can see that Group
1 tourists tend to visit Hong Kong in August and January, whereas Group 2 visitors are more likely to visit Hong
Kong in May/April and December. To further investigate this, we consider the Popularity Index (®) of each
month, which can be calculated by the formula below:

2024

> [T(n+7) x log;o(n—2003)] (5)

n=2004

1074

&(1)=

Month d, ®,
January | 180.4 | 42.6
February | 171.3 | 37.0
March 145.9 | 46.9
April 158.9 | 47.3
May 152.3 | 42.0
June 147.8 | 41.3
July 177.4 | 39.0
August 189.2 | 32.0
September | 147.9 | 34.5

October | 164.8 | 46.3
November | 158.4 | 48.7
December | 177.5 | 50.2
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4.3 Visitors Consumption Behavior Paterns

In order to do this, we take a look at the tourists’ spending in different sectors over time over the past 10 years.
Note that data from 2020 to 2022 are unavailable, which is likely due to the impact of the pandemic.

The table below shows the spending patterns of Group 1 tourists, demonstrated by their percentage of
spending in each of the categories:

Spending Category 2015 | 2016 | 2017 | 2018 | 2019 | 2023 | 2024 we can calculate the Importance Index of a category, defined using the formula below:
Shopping, S (%) 68.8 | 65.0 | 60.2 | 60.9 | 57.1 | 48.8 | 43.7 £ 03)
Hotel Bills, H (%) 11.8 | 13.3 | 16.7 | 153 | 16.1 | 22.1 | 22.6 I(cat) = Z [Peacsiien) + 3-5Peac sie1) — Pear.ry))(10810(i — 2013))]
Meal Outside Hotels, M (%) | 11.2 | 12.3 | 13.4 | 13.1 | 14.7 | 20.2 | 21.5 i=f (Z015)
Entertainment, E (%) 25 | 28 | 33 | 35 | 3.7 | 32 | 5.7
Tours, T (%) 02 | 01 | 01| 01 | 01 | 01 | 0.0
Others, O (%) 56 | 64 | 72 | 71 | 83 | 55 | 6.5
Category I I,
We can also make a similar table for Group 2 tourists: Shopping, S 146.24 | 109.78
Spending Category | 2015 | 2016 | 2017 | 2018 | 2019 | 2023 | 2024 Hotel Bills, H 96.59 | 136.57
Shopping, S (%) 199 | 19.2 | 187 | 17.6 | 181 | 27.1 | 27.5 Meal Outside Hotels, M | 91.28 | 87.99
Hotel Bills, H (%) 45.7 | 44.8 | 43.7 | 44.8 | 43.4 | 39.5 | 37.1 Entertainment, E 24.75 | 15.08
Meal Outside Hotels, M (%) | 18.6 | 19.4 | 20.0 | 29.3 | 20.0 | 10.9 | 21.5 Tours, T 0.17 253
Entertainment, E (%) 5.0 5.6 5.9 6.5 6.2 3.4 3.9
Tours, T (%) 08 | 08 | 1.0 | 07 | 06 | 05 | 0.7 Others, O 27.00 | 36.39
Others, O (%) 10.0 | 10.2 | 10.6 | 11.1 | 11.7 | 8.7 | 9.3
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5 Task 2 (Part 2): Allocating Resources in the Long Term

5.1 Elasticity

We allocate Resources in the long term using the principle of the Law of Diminishing Marginal Returns, as the
amount of resources provided to a certain investment, the increase in benefits gradually decreases. Similarly,
the more money is invested to an industry to promote tourism, the increase in the effectiveness becomes less
in the long run over time. It is therefore ineffective to pour all money in just one sector even if the sector is the
most significant one.

In regard of this, we will introduce a new concept of Elasticity, e. We define e as the rate of change in the
number of tourists over the cost, i.e. how sensitive the number of tourists is to changes in cost. There are
five major sectors that the government can invest into for promoting tourism: Shopping (S), Hotel Bills (H),
Meal Outside Hotels (M), Entertainment (E) and Tours (T). Let A be the cost of each sector. The equation is as
follows:

_dr
T dA
Note that the ratio decreases over time, indicating the effect of cost changes on the number of tourists
diminishes.
One way to model such effect is using this logarithmic equation:

€ (14)

T=0.8In(A+1) (15)

Differentiating the equation from both sides with respect to A, we have,

T 0.8
“TaAT A+ (16)

We can have a primary understanding of the government’s strategy under such condition using a micro-
scale experiment. Let’s assume there are two sectors for the government to invest in. By using non-linear
programming, we have come up with the following graph:

@ 08In(x+1) +0.6In(y+1) =a
&) «
® x+y<10

The green area represents the constraints, while a is T in arbitrary unit. x and y are resources allocated to
each industry (also in arbitrary unit) with x being more effective than y. Despite so, it is not optimal to invest
all the resources on x.
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Example: Potential for agricultural development
T - R
o Past HSMMC competition problem (2024/25) (Part of the competition question)
{EE HSMMC tEEgiH (2024/25) (GEHEHEAF—HMW7)

i e 1L BRI A5 L — (] o [ 2 5 T T e L S eV TRl - AR R
iR -

Please develop mathematical model(s) to select a region in China with the greatest
potential for agricultural development and explain your point of view.

HYEE 2

Pl

o |mportance of different factors-f~[5][X

o Data collection UL £

° Quantify the development &% 2
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Example: MathWorks Math Modelling Challenge
{51 MathWorks B=2 3 iR HkEEEEE

e https://m3challenge.siam.orq

o A math modelling competition for high school students in USA/UK

— {3

E)

IE:

gy,

AR B SR A B

=4

o Past reports FFEIEL -
https://m3challenge.siam.org/resources/sample-problems/

« Winning solutions for different years fz /@543 E
« Other sample papers for different years Jf& i E At Z(E

« Average Sample Paper “J£357K3
« Above Average Sample Paper = 57K

B

« Excellent Paperf&=%1E
« Judge commentary for different years fE 32 EE

B
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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/

More advanced-level mathematical modelling competition examples
26 A SR B R LR 1

° The International Mathematical Modeling Challenge[Ef& B 2= EHkERZE(IMMC)
https://immchallenge.org/Index.html

° Mathematical Contest in Modeling/Interdisciplinary Contest in Modeling

£ ER R SR EIRE (MCM/ICM)

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

® Contemporary Undergraduate Mathematical Contest in Modeling
EEARBEFRENSE (CUMCM)

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

o Sample report sharing ZFHEFFr=

https://www.math.cuhk.edu.hk/app/mathmodel/workshopmaterial2526/workshopmaterial.html
Username: mathmodel
Password: mm@2024

91


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

Discussion:
CUMCM 2009

Problem B

2009 S MM EEXFERMFERTE
BEERXITRER
ISSEX Y T S5 TIEPS

2009 %11 A 16 B

FE (KRLH)

SRR BN ST WLEY
IR SR, XIS, PR Y.C.Hon  Arfe]
A7) (KRR

BRER SRR IR FLEY
WITRHEKS: R, 200, KT RHS AR K

2009 SHEA M EEARFERFEEZTFEE

B IREBDHEREK & ZHE

BBt E B R KA BRI BL S, € DU s RE R S BUE3RAT
M, B, &FJTSEE. SRR BIZGEIE . B T, &
FAERES, AR T RS A R ST -

FRA17E R = B MR A PR 1) B2 Hl P 002 A )

ZEBIRF TSR RITIG EBBILH IR 79 k. ZEBRBIFRELES
PURZE: FIARE. MR . HOLIRFISMG. HiskheaH T 2008 4 7 H 13
FI 22008 45 9 A 11 HIX B ] L4569 A BIHE 0L«

FINBEFAREE ., 1 BB SUE. ARTZRREE —. =MAaNETFAR,
BESH AR BT AE RS I TR 5 10 2 Ko 8 IR Am A L — R 3 % — 1,
KA EE] 60%. W EMIREE — e — R, = — R

HMIPIR IR B T SUE, IR SN LR A R, (R R R 2 A
FAR.

FABERBREO L R A%, ARG OL, (ERBUEREELE 2-3 RAREATEL
FEZFAR, FERAGHIEGEN RIS T AW (8] AR 75 2 224, —
A ZHAL I — = BT SRER B>, IR X LEHRRRER 1 AN 18 BUiE .

ZEEBEIRAFF AR LB TR 2, 7275 B IR 2 I T AN e TR AR (K PR
i, HF SR FAREAR ZHRE, @FFEL T ANREFREHARRBFR (&
FERRAN) AN HEAE Rl — KA. 2482 3 b 4 R 4R SR A2 3% H FCFS (First
come, First serve) KN Z2HE(ERE, (HEAFE B ARSI E BRI, & B 77 T Ay
AR R 1 e AT R T A DR 2% 8 3 PR PR 15 B8 2 e I A, DA s e B 5
BRI A

i AR W E A B IPEA SR AR AR, BT CADE A 2 ) MR PR 22 AR 1Y
Ht 5.

AL A B A AT I L, RS A BB IR e HEAE A, DR 2
BRI R AUL R e N ORI 52 38— R R e HE R o A AE R o FEXT AT BRI B
FH R — (R b R A TP
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Contemporary Undergraduate
Mathematical Contest in

Discussion:

CUMCM 2009

Problem B

Modeling

&

B R BB E

(CUMCM)

B

CUMCM-2009 Problem B: Assignment of Hospital Beds

The inpatient department of CREGOT Ophthalmology Hospital has seventy-nine
hospital beds. Treatment and surgery services for cataract, retinal diseases, glaucoma
and ocular trauma are offered. Related Information from 13 July 2008 to 11
September 2008 is given in the appendix.

The cataract surgery is relatively easy, and there is no emergency. According to
current schedule, the cataract surgery service is on Monday and Wednesday. Surgery
preparation needs one or two days. Patients who have two-eye cataract account for
60% of the whole number of cataract patients. The first eye surgery is on Monday, and
the second is on Wednesday for them.

The ocular traumas patients usually need emergency treatment. They are
hospitalized as soon as possible. The surgery will be on the following day when they
are hospitalized.

For retinal diseases and glaucoma patients, usually, preparation needs two or
three days before surgery when they are hospitalized, and their postoperative period
will be longer. Generally, this type of surgery is not on Monday or Wednesday.

Considering the workload of oculists, CREGOT does not put the cataract surgery
and other surgery (except for an emergency treatment) on the same day. The
patients(except for emergency treatment) queue up for beds available under the
FCFS(First Come, First Serve) principle, while the queue becomes longer and longer.
CREGOT hope you can help him to improve the utilization of their resources with
mathematical modeling.

Your tasks are as follows:

Task 1: To developed a reasonable evaluation index system to evaluate the merits and
demerits of the beds assignment model.

Task 2: Build a model to determine which patients should be hospitalized based on
the number of patients who will be discharged on the following day, and

evaluate your model using the index system developed in Task 1.
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Report sharing and analysis
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Figure 9: The Tourist Map of Musée du Louvre G Floor

/% LT

2019
MCM,/ICM
Suwmmary Sheet

Summary

As the world’s largest art museum and a landmark of Paris, Musée du Louwvre attracts more
than 10 millions people a vear, which makes it necessary to construet eflicient evacuation
plans for dillerent emergent cireumstances, In this paper, two models are set up o order
to simulate the evacuation situation from several connected rooms and calculate the time
needed.

In the first model, rooms are simplified as small wall elements and exit elements. All the
people inside the room are represented by agents. For each specific individual, he or she
experiences botl repulsive forees from the walls and other agents and attractive forces [rom
the exits. All those forces together will change the agent’s state of motion at any time.
Meanwhile, the positions of agents also change ceaselessly, resulting in simultaneous change
of forces. Such kind of dynamic syvstein will eventually Lorce all the people escape from the
room. The model is implemented with MATLAB & Simulink. Some representative rooms
of the musewn are chosen as the test region and 300 people are placed inside the rooms
with randoim initial positions. It takes 81 seconds for all people to evacuate from the Lest
region, which coincides with the resull of a lormer experiment conducted by Smith (1995),

After the construction of the lirst model, AnvLogic is used to simulate the evacuation
situation for G floor of the museum. Relerring to the guidance map given in the mu-
seum's oflicial website, the Hoor plan was drawn. The tourists were represented with
agents (circles) as before, while the diameters of the circles were caleulated referring to
proportional scale. The moveinent speed of agents was caleulated with the same method.
Each room could generate some visitors, and the generation rate is the same as that of
the frst maodel. After the agents get to their destination (stairs or exits in our case), they
will simply disappear in the program.

Finally, we made some analysis on these two models, where one is microscopic while the
other one 15 macroscopic. Robustness and rationality are enhanced alter our modification
for the first model. However, there still exist some remaining weakness in our model. In
the end, we made some suggestions to the musewm’s personnel based on the simulation
conduced by these two models.
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I\/Iathematical Contest in
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(a) New south wales ranchers look on as light- (b) Rare summer thunderstorm sparks new wildfires in
ning strikes and a wildfire rages in 2019 (from Victoria
file footage)

Problem Chosen 2021 Team Control Number

B Summary Sheet 2112262

Wildfire monitoring mechanism based on the optimization model
Summary

For the wildfire that occurred in Victoria, this article designed a complete monitoring plan
for Country Fire Authority (CFA). From daily monitoring to large-scale fire handling, this
article gave a specific drone monitoring plan.

First, this article analyzes the effective shooting range and communication range of the
surveillance and situational awareness drone (SSA) and repeater drone (RR), and deter-
mines the optimal flight route to reach the economic optimal solution. Then, this article
analyzes the topographic characteristics of Victoria ( mountains and sea level). Accord-
ing to different terrain features, this article gives different drones flying heights and arrays.

Next, this article made an Optimal Control Model for the number of drones purchased,
which is balanced the relationship between economy and reliability. Through the method
of dynamic planning, we calculated the approximate plan of drone procurement gquan-
tity through the program. The two solutions deal with daily surveillance and information
transmission when a wildfire occurs.

Then, we uses FDDI parameters to characterize the severity of the fire, and uses QR
dynamic adjustment to meet different needs in different periods. At the same time, we
innovatively applied the step-wise cluster analysis method to the prediction of surface
temperature to establish a prediction model.

Finally, we optimized the drones distribution queue to adapt to different heights of terrain
to ensure the effectiveness of monitoring and the safety of drones.And we gave the de-
tailed budget of the entire system to help CFA lobby the Council to obtain the budget.

Keywords:
Optimal Control Model; Dynamic Adjustment Model; SCA Method:
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THE SECRETS OF GEOGRAPHICAL PROFILING
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Advanced methods for
mathematical modelling
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What other advanced mathematical methods may be useful for
mathematical modelling?

R W & e B T A Al Be BT R 7

° Probability and statistics ff=REI4FET
« Markov Chain FEa] 3
e Statistical modelling 47517245

o Optimization F{B{L:
» Linear programming g4 &
« Constrained and unconstrained optimization £ 5B HELIEL B

LR AT A

® Other data analysis methods 1
« Dimensionality reduction[#F 4
» ClusteringZZ45
« Classification’345



Some interesting mathematical model —Lt75 iy %
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Eye-rolling

+ coldness

+ mockery
divorce

By ToM PETERKIN

NEWLYWEDS can now dis-
cover if they are destined for
the divorce courts by applying
a mathematical model that
can predict whether their
marriage will succeed.

A mathematician has
devised two formulae that he
claims have a 94 per cent sue-
cess rate when it comes to
forecasting whether a couple
are compatible. The sugges-
tion that the secret of a happy.
marriage can be found within
two complex lines of algebra
was made by Prof James Mur-
ray of the University of Wash-
ington, Seattle.

The model was presented to
an international conference
for the first time yesterday

" when Prof Murray addressed

academics ‘at Mathematical
Biclogy Conference at Dun-
dee University.

The formulae were calcu-
lated during a 10-year study
of 700 couples from King
County, Seattle, conducted by
Prof Murray and his colleague
John Gottnan, a psychelogist.

The experiment, which
began in the early 1990s,
involved all the couples being
ohserved during a 15-minute
conversation when they were
just married.

A contentious topic such as
sex, child-rearing or money

~ was chosen and the couple’s

ability to communicate was
marked using a scale that
gave positive points for good

signals and negative points

for bad signals.

For example, jokes, a posi-
tive tone of voice, smiles and

affectionate gestures all -

resulted in positive scores.
Bad signals such as rolling of
the eyes, criticism, mocking
and coldness led to a negative
SCore.

“We used an accepted psy-
chological scoring system to
award them points, such’as

minus three for scorn -and :

plus two- for humour,” said
Prof Murray, the author of
Mathematics for Marriage,
“Then we put their points
on a graph and by converting
them into algebraic terms

- were able to make our divorce

predictions. We.didn’t tell the
volunteers of course, as that
could have defeated the
object. And telling a couple
their marriage is going to fail
is not what they want to hear.
But the success rate was
amazing.” .

The results were fed into
two equations — one-for the
husband and one for the wife,

. The equations were used to
calculate the compatibility of
the couples by adding a series
of other variables such as an
“influence function” that dif-
fered for each couple.

The “influence function”
measured how much some-
one’s contribiifion to the con-
versation dictated the mood
of his or her spouse.

The couples were tracked
every two years and the model
accurately predicted which
marriages were doomed to
failure in a country with a 50
per cent divorce rate.

Prof Murray, an exiled Scot
who was been happily mar-
ried lo his wife Sheila for 40
years, said: “I was absolutely
astonished. The key thing that
comes out of it is that we have
been able to calculate how
people interact. For example,
the wife might be a conflict
avoider and the husband
might be volatile. That mar-
riage would not survive,

“But positive things can be
taken from it. It points out
why some people are having
problems and can show what
action has to be taken to save
the marriage.”

Editorial Comment: Page 25

Photo: Jupiterimages, Brand X Pictures / Getty Images

EoNAS S

lll

AR
+ S5
+ M5
= HELE



Result? Dynamic Nonlinear Models (Chaos)
G 7 BIREIEERIEETY (ORE )

Prof. James Murray,
University of Washington (FEE%TE A E)

104 7008 AT HETHAZE,
AEEAR94%
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Remark #5:F

°* There is no perfect model, only better model

2 SERIIIEAL » HUEE

F AR AY

e Howard Emmons ZE =2 152 22

“Mathematical modelling is not to produce the most
comprehensive descriptive model

but

to produce the simplest possible model that incorporates
the major features of the phenomenon of interest.”

B B TR SERILE - iR
EETRE A & PR R B B . HR Y e A o
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Modelling of Real-Life Problems Z&fHIH & 4 )& Y E
Modelling ZEf&
Numerical 81

Physical %73
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e

Physical Modelling #7335

U

“*Wind/Water Tunnels JEU[E /7K

’:’Ai I TU nn el fO I’ d | rp I anes ﬁf;&%@k;lﬁ[ Wind tunel aled athe Department

of Civil Engineering at HKU
BEHBRE T AR TIELRZENERE

BEST and RELIABLE approximations but usually
very expensive

et H o ZEfyan(DUE - HlEIRE =
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Numerical Modelling % {5 /&=

L

Numerical Modelling ;{8 24

Mathematical Statistical Operation
B W=t Research/Logistic

'I'I'l

BBV
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Mathematical Modelling #2225

Physical law 278 F=7#

Force = mass x acceleration

AN

jj = gi X ﬁD}Eng

acceleration

Force
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Statistical Modelling 45T 21
Regression Model iR Al

Given data 45 C 15 Find a function f (x) so that f (x;) best fit y;
s ) KR f(x) » [ f () IEEH S y;
Linear Regression Line 4§45 i B 45

y=a+pfx

* Determine a and 3 by using method of least
square. {5/ N J7AMEE a 71 B
Nonlinear Regression JE45 M 28 B
e.g f(x)=ae™

We have developed several R Shiny tools for regression

FMFEE T 2%{E R Shiny g T B -
https://www.math.cuhk.edu.hk/app/mathmodel/tool.html

106


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

e

Statistical Modelling i1 244

Simulation ¢t
Random Process [FEt& 2
«**Poisson Distribution] 3 74
e Ax/x!

s

*Binomial Distribution —_TH43/fi
O (1-0)

“*Normal Distribution & B& 5
N(u,62)

We have also developed a Probability Distribution R Shiny tool

FAMIREIL T —EBEE 746 R Shiny TR
https://www.math.cuhk.edu.hk/app/mathmodel/tool.html

107


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

Probability Distribution R Shiny tool ##££47#f R Shiny T &

® https://mathmodelcuhk.shinyapps.io/probability-distribution/

o Key functionalities F=ZZIAE

visualize different discrete and continuous probability distributions

AR EA B HTEE ORI R T A

use slide bars to adjust the parameters interactively {5 f /545 & B0 5L <8

visualize the change in the distributions in real time H[I#% 6] #(E 53 HREYEA L

upload own data files and consider fitting the data using some probability

distributions _{EH CHYBHE U » IS Sl (5 B8R o i A i 5 B
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Probability Distribution R Shiny tool {247

® https://mathmodelcuhk.shinyapps.io/probability-distribution/

Probability

Discrete Probability Distributions

Continuous Pre

east Squares Fitting

bability Distributions

Choose the distribution
Bernoulli Distribution

(® Binomial Distribution
Poisson Distribution
Geometric Distribution
Negative Binomial Distribution
Hypergeometric Distribution

Zeta Distribution

Choose the parameter n (number of trials)

Click to show the probabilities in the graph

0.18

Probability

i

Pmf of X ~ Binomial(35,0.55)

# R Shiny"

l.'ll%.l:‘|

a1z

a1
oS
aor
0.08

QoS

004

s

am
am

coocoooooonal?

Notation: X' ~ Binomial(n, p)

Pmi: p(k) { 0

Expectation: £[X

Variance: Var{ X))

(‘T pk{ 1

= np =19.25

np(1

0.02
o

0
"0o000000

Number of successes (X)

Pt fkeZo<k<n
otherwise

r)

8.6625
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Statistical Modelling i1 244

LI

Statistical analysis &4

Parameter Identification 22835 7] Statistical tools 452+ T A -
. g Comparison Test [LE fa 7B
Group Behavior EFag 2% N(u,0?) P | EE@{E
Hypothesis Test {E ez fim 1E
mean}3J{E u - central tendency ANOVA 45 B8 45 i

0 8

Factor Analysis [R+474T

variance 57 o - central distribution Non-parametric Analysis IESEL 57 H7

' AN . Lo A
AR axiii Simple plotting tools {5 5, %@

==
=]

TH
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B
S
=
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Operations Research / Logistic Modelling 7#2

Optimization technique {B{EF7 1l
Inventory control [EE{ZH2EE|
Queuing model HE[FERI

Traffic model Jfii &5

Can be achieved using packages/functions in Python, R etc.

H] LA A Python ~ R FEE S THVEA/RRBERZE] -
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Recent Success in Mathematical Modelling? 8 B i3 /N 27 -l T 22451 ?

BEARE riversity of Hong Kong SIR epidemic trajectory
AtetEEtE o]
dvanced Talent 007
- pf,Eg,“g;f‘nt:zg Gifted Education Fund 50
Students in BB E 4 2019-004
Hong Kong L
Granted by Hong Kong Education Bureau g 150 1
Gifted Edlucation Fund =
Programme No. 2019-004 100 -
Phase 3
Lesson 7-10 Individual Research (14 & 28 November 2020, 12 & 26 December 2020) ]
Zoom at CityU and face-to-face consultation by appointment during 1-31 January 2021 01
Topics: ® il.ow to do research in mathematics? 0.0 02 tm‘]’;“(arbitmiy u"r-;?ts} 08 L0
e Literature survey
e Methodology in Mathematical Modelling )
e Numerical software Matlab for solving math models ﬁ — _BIS
Susceptible dt a
List of Students’ e Three-body movement problem in Astronom Infectious
Proposals (a total of e Cryptology for one-time password used in ’I/Zt:met Recovered/Removed ﬁ = BIS — ~I
8 students were e Mathematical and 3D Model for Covid-19 dt
admitted into Phase e Heat Conduction Model for Design of Clothes
3 on Individual e Mathematical Model for Cooling of Liquids d_R =~I
Research e Predicting the Maximum Growth Potential of Nations \ dt
through Analysis of Current Energy and Resource Statistics
® (Queueing System for Minimizing Customers” Waiting Time
e Mathematical Logic in Human’s Behavior
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Research Methodo

ogy: Data collection, analysis, and visualization

WHFE A - BEREE ~ T A b

o Data Sources BB
« e.g. Centre for Health Protection 4[5z

° Tools for developing visualizations fiZ2{L T E
* e.g. R Shiny, Python, MATLAB, Tableau, Excel, ...

o The graphical displays can help us identify trends patterns, outliers in the data and
formulate hypotheses for further testing

& AL a] LUE B
a2t

Pl | BE T HYESS ~ FHEUREFEE - Wt e I TH—
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B.g data visualization of multiple International Conference on Public health and Well-being 2022
Effectiveness of public health i ions to control a ic, 18-19

s of COVID-19 infection in Hong Ko

waves o 1 n n in Hong Kong RLEHRELE ay HEH
Stephen CHONG, Jeffrey CHAN?, Howard CHEUNG?, Douglas NG*, Benny HON*' National Chi Nan University snunne N

'The National Chi Nan University, Taiwan; *King George V School, Hong Kong;*The City University of Hong Kong, Hong Kong; “The University of Hong Kong, Hong Kong.

Corresponding author: Benny HON Benny.Hon@cityu.edu.hk

1. Background

The COVID-19 pandemic has caused Figure 1(A) shows the cumulative confirmed COVID-19 cases per million people and Figure 1(B)

shows shows people’s concern during (ﬁe fifth wave of COVID 19 in Hong Kong. Data visualization can aid in persuading people to change their g:havxor Once a virus has spread,

public health officials must make critical judgments about how much information to communicate and when to dispense it. One of the most critical components of limiting an outbreak is

encouragng people to adjust their behavior when it is not immediately evident that they should. Data visualization has become highly signi in and

people. The study’s aimed to visualize the COVID-19 pandemic’s transmission in Hong Kong during the first five wave, as well as to improve overall preparedness and response for
i diseases of i to the public. The Hong Kong government has develo‘)ed contingency plans and drills to test the ability of relevant government departments and

urgarl;lfancns to deal with pclenual major outbreaks of infectious diseases and public health emergencies, as well as to raise and personnel

capability.

A)

(B)

OMICIOn oot
Vz mat

lockdown ——

Nodta O 10 300 1000 3000 10000 30000 100500 300000 imition
Figure 1. (A) Cumulative confirmed COVID-19 cases per million people between 22 January 2020 and 31 August 2022. (B) Word cloud shows people’s concern during the fifth wave
of COVID-19 in Hong Kong (source: Google analytics) @

2. Methods

The daily number of confirmed COVID-19 cases in Hong Kong by the date of symptom
onset was pmvlded by the Centre for Health Protection (CHP). Data cleaning is the first
step of fixing or removlr:F incorrect, corrugled incorrectly formatted, duplicate, or
incomplete data within a dataset. Different data visualization techniques such as line
graph, bubble chart, heat map, and word clouds are used to unlock the benefits and make
accurate decisions from the vast data.

Several software tools will be used for developing visualizations, such as MATLAB,
Tableau and Excel. The graphical dnslglays can help us identify trends, patterns and

outliers in the data, and formulate hypotheses for further testing. 2 X
3. Results
The following figures show different visualization results and insights derived during the (B)
first five waves in Hong Kong. un m l[
s e August, 2022
g = [
o At e o e i 01 1 0 El

Figure 4. (A) Percentage changes of incidence of cases per 100,000 tested positive for
COVID-19 by nucleic acid tests and rapid antigen tests by residential districts in July
and August 2022, as well as the distribution of 43 public hospitals in Hong Kong. (B)
Heat map shows the percentage of daily changes in COVID-19 Worldwide and in
Hong Kong in August 2022.

A)

rent State of Hong Kong Economy: Figure 2. (A) Number of daily infected
cases, ive death cases and B)
highlights for the first five waves in
Hong Kong. (B) Infographic: Current
State of Hong Kong Economy — Five

[ 1] Key Points (source: https://www.amro-
I = Al l l asia.org/infographic-current-state-of-
: hong-kong-economy-five-key-points/)

1 s 2o
= Blllsi

e
e

Figure 3.
LeaveHomeSafe is
a digital contact
tracing app
launched by the

Figure 5. (A) Vaccination rate for different countries. (B) Vaccination rate for
different age groups. (C) Death rate for COVID-19 patients who received one dose or
less for different age groups.

COVID-19 pandemic data modelling:
A case study of Hong Kong

Jeffrey CHAN', Stephen CHONG?, Howard CHEUNG?, Douglas NG*, Benny HON*"

International Conference on Public health and Well-being 2022

Effectiveness of public health interventions to control a pandemlc. 18-19 November, 2022

& % B R @H&l

'King George V School, Hong Kong; “The National Chi Nan University, Taiwan; *The City University of Hong Kong, Hong Kong; “The University of Hong Kong, Hong Kong.

Corresponding author: Benny HON Benny.Hon@cityu edu.hk
1. Background

Coronavirus, known as SARS-CoV-2 which causes the disease COVID-19, is a new strain of
the coronavirus family. It is an RNA virus, which means it uses RNA as its genetic material.
It is waterborne and partially airborne. SARS-CoV-2 includes flu-like symptoms and, in the
extreme, MERS, pneumonia, loss of taste or smell, and even death. To limit the spread of this
virus, how it spreads must be known; thus, ical models were ped, such as
Susceptible-Infectious-Removed ~ (SIR) and ible-Exposed-Infectious-R ed
(SEIR). We used the standard SIR model to help predict the infection number during the
multiple waves of COVID-19 in Hong Kong. Given sufficient starting information and input
on the duration of the outbreak, the model will assist in decision-making when preparing for
a COVID-19 outbreak.

2. Methods

The SIR model [1, 2] is a general model for any infectious disease that measures the number
of susceptible (5), infectious (/) and removed (R [initially always 0, as no individual has died
or recovered from the disease yet] recovered or dead) individuals given the original number
of susceptible and infected individuals over time (#). However, this mathematical model has
some limitations.

Firstly, the mathematical model assumes that the COVID-19 epidemic is short; thus, the total
population (susceptible + infectious + removed) is constant (no births or non-COVID-19
related deaths).

National Chi Nan University anuny
All models are wrong, but some are useful. George E. P. Box

Secondly, the mathematical model assumes thal the constant rate of infection and the
contacts (between the infected and ible i and constant (f),
so the more individuals are infected, the more likely a suscep\lble individual comes in
contact with an infected individual. Thirdly, the mathematical model assumes a constant rate
in which the removed individuals are increasing (;) (death rate or recovery rate). Equations in
the SIR model include:

ds
=P (0]
E:ﬂSl—yI. (@]
%:71. @

The daily number of confirmed, death and recovery COVID-19 cases in Hong Kong were
collected from the Centre for Health Protection (CHP), Hong Kong.

We first constructed a MATLAB (version 2022a; MathWorks, USA) function to represent
the SIR model. The function included creating the basic model and passing in the parameters
f, and y, as well as the three populations at a given time. We then used an ODE solver in
MATLAB, called ode45, to approximate the solutions to S, /and R. We computed the least
squares error between our approximate solution and our gathered data at each time step.
Finally, we used the MATLAB tool fminsearch to approximate the infection and

recovery parameters.
3. Results i
Figure 1 shows the 1 and recovered for the first five waves in Hong Kong, Table 1 shows the number of infected and death cases during multiple waves in
Hong Kong.
SIR model for the 1* wave, B =0.9195, 4= 0.6910 SIR model for the 2™ wave, 2062 SIR modol for the 3™ wave, B =0.4839, = 0.2507
5 h £ L5t e nowe’ - ey i
140
_ 120 ;
2100 Susceplible redicted Susceptible
E 80} - - ~-infectious ——Predicted Infectious
Z 60 Removed ———Predicted Removed
40 =
20 -~
0 = B 0k
J/23-2020 F M M/7-2020 A
lonth Month Mon
Daily changes of COVID-19 in Hong Kong between 2020 and 2021 200 SIR model for the 4'" wavt, B =0.1742, y=0.1184
5 SOF T T U T J s
H g
E100- ve 200 O 5
z Second Wave 2 £
3 Third Wave s 5
B 50 Fourth Wave - 100 =2 z
£ £
= 3
0 1 A WY 0=
J-2020F M A M J J A S O N DJ 2021 FMAMUJ J A S OND D-2020 J-2021 = M A M
Month
Daily changes of COVID-19 In Hong Kong, January to July, 2022 SIR model for the 5 wave, B =0.5223, y=0.3454
80000 T T ! T 10009 2000000
= iy Cases <
bl ~———Death Cases. 3 1600000
E Fifth Wave. Qo 5
2 2 3 1200000 -
S 40000 5000 2 E
2 é 2 800000 /
8 k
B 2000 3 400000 /
o - : ‘ : I . T
4-2022 F M A M J J 4202 F M A M J
Month Month
Figure 1. ible, infe and removed popul for the first five waves in Hong Kong.
Table 1. Number of infected and death cases in Hong Kong and its dominant variants “
Wave Variants Days Infected” Death® Basic rep fon ratio, iy 5. Conclusions
First - a1 <100 2 1.3307 COVID-19 is an exceptionally infectious disease that spreads rapidly. The SIR model can
Second - 33 800+ 2 1.9467 help predict the maximum number of people infected, recovered, and dead, given initial
Third Beta 75 3700+ 93 1.9302 variables from current data on the infected people. However, to truly capture the dynamics of
Fourth Alpha, Beta, Delta, Gamma 184 5700+ 102 1.4713 COVID-19, many modifications are needed. We would also have to consider the percentage
Fifth Delta, Omicron 212+ 1.34M+ 9200+ 1.5122

of the populations that have received the COVID-19 vaccine, such as the Susceptible-

* Provisional figures
The data is up to 31/July/2022.

4. Discussions

We investigated the transmission dynamics and epidemiological features of COVID-19
cases in Hong Kong across epidemic waves. The estimated reproduction ratio Ry ranged
from 133 to 1.95. The first to fourth waves were primarily due to cases imported from
Mainland China, overseas locations such as Europe and the United States, sea crew, aircrew
members, domestic helpers and dancing groups. To combat the epidemic, the government
implemented various measures, including work from home for civil servants, school
suspension, closure of recreational facilities, reduction of importation pressure by closing
some border control points and enhanced laboratory surveillance for early detection of
cases. The SIR model showed that the transmission rate (# = 0.5223) for the Omicron
variant was high during the fifth wave. However, the recovery rate is relatively high because
of the introduction of the vaccination program in 2021. The majority of those who died had
comorbidities and were unvaccinated.

Infectious-Removed-Vaccinated (SIRV) model. There is a significant latency period during
which individuals have been infected but are not yet infectious for many vital infections.
During this period, the individual is in comp E (for ), and the SEIR model
could be introduced in future studies.
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Suggestions to minimize the vaccination hesitancy of children in Hong

Kong
Jeffrey Chan', Kei Shing Ng?, Benny Yiu Chung Hon®, Simon Ching Lam*’

'King George V School, Hong Kong

‘Department of Diagnostic Radiology, Li Ka Shing Faculty of Medicine, The
University of Hong Kong

‘Department of Mathematics, The City University of Hong Kong

*School of Nursing, Tung Wah College, Hong Kong

" Corresponding author: simonlam@twe.edu.hk

To the Ediftor
COVID-19 vaccine hesitancy 1s high mitially (1) and still prevalent in Hong Kong.
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Implementation of the
compulsory universal testing
scheme in Hong Kong:
Mathematical simulations of a
household-based pooling
approach

Kei Shing Ng!, Jeffrey Man Hin Hon?3,

Stephen Chau Chun Chong*, Howard Ho Kan Cheung?,
Jeffrey Chan®, Simon Ching Lam’ and

Benny Yiu Chung Hon*>#*

This study aims to propose a pooling approach to simulate the compulsory
universal RT-PCR test in Hong Kong and explore the feasibility of implementing
the pooling method on a household basis. The mathematical model is initially
verified, and then the simulation is performed under different prevalence
rates and pooled sizes. The simulated population is based in Hong Kong
The simulation included 10,000,000 swab samples, with a representative
distribution of populations in Hong Kong. The samples were grouped into
a batch size of 20. If the entire batch is positive, then the group is further
divided into an identical group size of 10 for re-testing. Different combinations
of mini-group sizes were also investigated. The proposed pooling method
was extended to a household basis. A representative from each household is
required to perform the RT-PCR test. Results of the simulation replications,
indicate a significant reduction (p < 0.001) of 83.62, 64.18, and 48.46% in the
testing volume for prevalence rate 1, 3, and 5%, respectively. Combined with
the household-based pooling approach, the total number of RT-PCR is 437,
304, 956, 133, and 1,375,795 for prevalence rates 1, 3, and 5%, respectively. The
household-based pooling strategy showed efficiency when the prevalence
rates in the population were low. This pooling strategy can rapidly screen
people in high-risk groups for COVID-19 infections and quarantine those who
test positive, even when time and resources for testing are limited

COVID-19, compulsory universal test, prevalence rate, sample pooling, mass
screening, simulation

01 frontiersin.org

A brief research report was published
at the journal ‘Frontiers in Public
Health’, which has a high impact factor
of 6.641. Frontiers is ranked the third
most-cited publisher in USA.
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Advanced Modelling Examples [ 2451+
° See our Math modelling e-book: H I VBB EEBTF :

https://www.math.cuhk.edu.hk/~mathcal/MM/
Username: mathmodel
Password: mm@2024

® Predicting Stock Prices Using Linear and Nonlinear Regression

(5 FH 4R M AT S B4R AR A i TR HIT AR, S BT RS
http://mathcal.math.cuhk.edu.hk: 7537/

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

i E2030F B EH BG4I = 7Lk
http://mathcal.math.cuhk.edu.hk: 7536/

o Extracting information from S-shaped curves of life achievement

NARELRY S 2 Hh4R
http://mathcal.math.cuhk.edu.hk:7562/
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Advanced Modelling Examples 7 & 245 5]+

* Modelling with Difference Equations fH7E 57 H & EFA
http://mathcal.math.cuhk.edu.hk:7544/

®* The Logistic or Inhibited Growth Model #&#ig/HIFH] 4 A
http://mathcal.math.cuhk.edu.hk:7546/

® Predicting Price Indices and Weather Prediction Using Markov Chains

{5 FH 5 ] R g PRI E RS 5 BRI R SR TR
http://mathcal.math.cuhk.edu.hk: 7539/

* Modelling the Spread of Information Using Social Networks, Node Centralities, and
Data Fitting Approaches
[EAtEACAERS ~ BrG ORISR G T A E VSRR TR
http://mathcal.math.cuhk.edu.hk:7538/
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Summary: Learning Resources for Math Modelling
%ﬁ% :%fi El/\j % S‘[Eg :éjf%{ Mathematical Modelling Process

5 Steps of Mathematical Modelling
B AR

°* Mathematical Modelling @ CUHK Mathematics B s il

https://www.math.cuhk.edu.hk/app/mathmodel/ R]ea._w.d roblem T E{E LI

(1]

l 1. Analyzing the real-world Problem 4y #7ER Bt F fHRE

l 2. Formulating the Mathematical Model ZE 17 BE8 AU

Mathematical model S EEFE

o Mathematical Modelling e-book B =B TE -
https://www.math.cuhk.edu.hk/~mathcal/MM/

3. Solving the Mathematical Model 3K fEZR{ERfEHRY

v

Username: mathmodel Mathematical solution {5

PaSSWOrd mm@2024 i 4. Interpreting the Mathematical Solution fEFEBIERIE A EE
« Mathematical modelling concepts v

 Alarge variety of examples Feabworld Solution FETHE-A75%

® IT tOOIS freely available 5. Evaluating the Mathematical Model 2F{ B 22157
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Summary: Math Modelling e-book &%

o Mathematical modelling concepts
« Math modelling process SE2 /& EFE
*  Key stepsf# §EL 5

e Common models & FfEAY :
« Linear functions4g 4 K84
« Exponential functions#g %1k #4

« Power functionsZ 84
. Trigonometric functions = & i #

 Sigmoidal functions SJF ik

« All with detailed formulations, derivations, and
examples HFE LRI AT ~ HEEEIZ R B

o More advanced math tools E[ERE T B.:
* Probability {22, network model 4g& =41, ...
* Introduced via specific real-life problems
(price prediction, social network etc.)

ZaE Haa i (ERSTRH - HaadiEs ) /réd

Course Outlines

0.1 Introduction

=

0.2 Examples of Different Types

0.3 IT Tools

0.4 Report Writing

0.5 Examples of Different Types .

0.6 Teacher Sharing
—

1 MMC with ICT

1.1 Building Blocks

1.2 IT Tools

[2 Modelling with Linear Function \

2.1 Learnin g Outcomes
2.2 Real-World Problem
2.3 Mathematical Problem
2.4 Make Assumptions
2.5 Construct Mode!

2.8 Solve Model

2.7 Interpret Solutions
2.8 Validate Solutions

2.9 References

3 Modelling with Exponential Fun

3.1 Learnin g Outcomes
3.2 Real-World Problem
3.3 Mathematical Problem
3.4 Make Assumptions
3.5 Construct Model

3.6 Solve Model

3.7 Interpret Solutions
3.8 Validate Solutions

3.9 References

4 Modelling with Power Functions

4.1 Learnin g Ouicomes

ctions

AT

Mathematical Modelling for Teachers and

Students in Secondary Schools

Department of Mathematics, The Chinese University of Hong Kong

2024-11-29

Course Information

This workshop for teachers introduces basic strategies for using mathematical modelling techniques

and cycles in real-life scenarios

Course Outlines

The structure of this workshop is

1. Introduction

2. Examples of Different Types of Popular Models
3. IT Tools

4. Report Writing

5. Examples of Different Types of Modsls

6. Teacher Sharing

0.1 Introduction

This section introduces the concept of the modelling cycle and provides a brief overview of its
relation to other disciplines through examples

0.2 Examples of Different Types of Popular Models

This section introduces various models in the field of data fitting, including the main procedure for

addressing the learning process of mathematical modelling cycles.

0.3 IT Tools

This part introduces practical skills for effectively using ChatGPT and R Shiny
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Summary: IT Tools for Math Modelling 8¢&8 3315 IT T E

° Fijrst-ChatGPT-Then-Solve

® Use Al tools to help us:

FIFE Al TEE= B -

« Understand problem background | & E 5 &
 Identify relevant factors % fHEHI R Z=

« Locate datasets =k gt

e
Jlllﬂ
HH
T
=\
il
il
(L

° Fact-checking is important f%&

® Freely available Al tools & Al T E

* Poe

* Microsoft Copilot
 DeepSeek

@ ———m

2 Make simplifying
assumptions

3 Define all variables
4 Construct a model

4.1 Derivation of
Linear Least Squares
Regression Model

4.2 Derivation of
Quadratic Least Squares
Regression Model

4.3 Fitting of A Power
Curve

4.4 Fitting of A
Generalized Exponetial
Curve

4.5 Fitting of An
Exponetial Curve

5 Solve and interpret
the model

6 Verify the model
6.1 Linear Regression

6.2 Quadratic
Regression

6.3 Cubic Regression
6.4 Fifth Degree
Polynomial Regression

6.5 Twenty Degree
Polynomial Regression

6.6 y = az® Power
Regression

6.7y = ab®
Genearalized Exponetial

Regrassion

AR AR (ER RS - T LURE S R » TEEEET - Mk
A E SN - 3 H B0 E M e S SR R AR R 7

ATEEEEHERE  RfIUMERREME shiny EigEa st BEERmE=R FE a0
F - MBS S AT RS EIEER ¢

ISk - AR R ChatGPT fE A L E R EEEG Hr R S EE USRI TER ?

First ChatGPT Then Solve

Answer the following questions: What are the meanings of fundamental analysis and
technical analysis?

Answer the following questions: What are nonlinear regression models and their
solvers? How do these solvers predict the price movement of a stock to forecast its
future price?

Chat with POE

2 Make simplitying assumptions
The daily stock prices of SENSEX India from January 1, 1980, to December 31, 2023,
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Summary: IT Tools for Math Modelling 3¢&28&# 1 IT T B

e Computing and visualization tools sTEEHEZ(E T H (R Shiny, GeoGebra, Desmos,
Python, R, ...)

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

(B R IR E B s AT,

e We have developed several R Shiny tools for math modellingFxfI5H2% | 2 {EEE2ZEFEAYR Shiny T A :
https://www.math.cuhk.edu.hk/app/mathmodel/tool.html
* Find What Fits with R Shiny (Z/ R Shiny Z#{ 57 (F#E SR
* Linear Regression with R Shiny (Z/H R Shiny #7748+ 19E7
* Nonlinear Regression with R Shiny (Z/H R Shiny #777F4R /41157
for XY data 7 FHY XY S
for time series data ## FH i IF L 75| B8
* General Fitting with R Shiny (Z/H R Shiny 7 —#¢EE=
« ...and more DI E % |

® \We have also provided some introductions to the functionalities of GeoGebra, Desmos,
Python, and R on our website
WA BAENE L 42T GeoGebra ~ Desmos ~ Python #1 R FYIEE -
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https://www.math.cuhk.edu.hk/app/mathmodel/tool.html

Please complete the Course Evaluation:
e TG CL T ERIERP R
https://forms.gle/kvEoHvziL 7VoKYA38

Mathematical Modelling @ CUHK Mathematics:

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

Contact:
mathmodel@math.cuhk.edu.hk

Thank you!

123


https://forms.gle/kvEoHvziL7VoKYA38
https://www.math.cuhk.edu.hk/app/mathmodel
mailto:mathmodel@math.cuhk.edu.hk

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49: Example
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92: Discussion: CUMCM 2009 Problem B
	Slide 93: Discussion: CUMCM 2009 Problem B
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100: Prof. James Murray,  University of Washington (華盛頓大學)  10年對700對夫婦進行研究,  準確率94% 
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123

