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Mathematical Modelling Process
5 Steps of Mathematical Madelling
i B ATE
Understanding a real-world WP 5 H:

problem using mathematics }

P8 T #EIN B 4 BRI RE Real-world problem Fi i ft 57t

l 1. Analyzing the real-world Problem 43 R Bttt LA

Mathematical Modelling is ... &2

/

l 2. Formulating the Mathematical Model 217 BRI

Mathematical model B E2fEir]

)(\le
= Y. 1471
21+21(

3. Solving the Mathematical Model 3K f# B2 ERY

Mathematical solution #ESFEHI ) fig

4. Interpreting the Mathematical Solution fEFE B EFEAIAAE

Y

Real-world Solution FE & {H LAY fE

5. Evaluating the Mathematical Model §F{hB 22 {EAY




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

® 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




e

Al tools for math modelling DL Al T ELi#ph# e

Course Information 1_2.1 ChatGPT

® First-ChatGPT-Then-Solve (FCTS) G \

0.1 Introduction

iy

= Modelling a Best Fitting Line Through Data

strategy for mathematical modelling

0.3 IT Tools = Extracting information from S-shaped curves of life achievement

BHL R R RS

0.5 Examples of Different Types ... = Modelling a Best Fitting Line Through Data

7

) = Predicting Stock Prices Using Linear and Nonlinear Regression
0.6 Teacher Sharing

\ = Extracting information from S-shaped curves of life achievement -/
1 MMC with ICT e CLUBES
Q A " ;
U Se I = based tOO I S tO h eI p u S n 1.1 Building Blocks = Predicting Stock Prices Using Linear and Nonlinear Regression
1.2 IT Tools > Estimate the Percentage of Electric Vehicles amang All Cars in Hong Kong in 2030

*U}Eﬁ AI | % B ’ , IEEE /fFﬁ [ 1.2.1 ChatGPT ] > Modelling the Spread of Information Using Social Networks, Node Centralities, and Data
Fitting Approaches

. Understand problem background

> Predicting Price Indices and Weather Prediction Using Markov Chains

73 E E :[ b E‘ Regression Model
T %ﬁ[ﬁ F[lj 4.2 Derivation of
I g:admt'ic L&%SSCLWES BTEEEEEEE  SfTNEERZRIET shiny EupiE St EEFE=E SR
gression Mo BT 5 D 9 Shiny &e s -
* ldentify relevant factors IS o= e e
urve
A . == - .
‘TFX ":E[ *E %% N\ }éjﬁ‘\ Ge‘rt-:ral?llit;ggE(;;ineﬁal 4 » BT ERER ChatGPT £ 5 T B R R A A = (EAE s TR 7
Curve
* Locate datasets s e
% Tﬁ g & j:}:g, % t}?esr{;];ge?nd Interpret First ChatGPT Then Solve
ﬁ‘ Zﬁ 7[—\‘ 6 Verify the model Answer the following questions: What are the meanings of fundamental analysis and

. o
6.1 Linear Regression technical analysis?

[ A 6.2 Quadratic Answer the following questions: What are nonlinear regression models and their
Regression solvers? How do these solvers predict the price movement of a stock to forecast its
6.3 Cubic Regression future price?
6.4 Fifth Degree
Polynomial Regression

6.5 Twenty Degree

® Fact-checking is important! Fobmomil e

6.6y = az® Power Chat with POE
—F =/ —. Regression
=g ﬁEEP E5 B0 | 2 Make simplifying assumptions
e ﬂ‘ 6.7y = ab™
$§<‘ E\ '_aa‘ E\ (:L‘ Gengagaliz:d Exponetial

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

Reeression



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 )
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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

®* Provide context #f2HENZF
. Give the Al all the background information it needs 45 Al A B EE NS S&3
« Relevant location, constraints, ... fHEEIHIIER ~ FEH]...
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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

o Fact-checking is important! Z=E & /EE

« 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? T[T ] i & F IR 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)
FIAH R Shiny #E1TIESRME R (7 80R)

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

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

3[3%?@ Bl (FRff-208) R Shiny TH

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 & RHEE & IS L

o Many models available 2 fEfE A o] (L5
Linear model a3/ 457
Quadratic model —Zxf&E Al
Cubic model =iy
Polynomial model 255 =&Y
Power model ZZf&EHY
Exponential model 5&iiE 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)

o Exercise &i&

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 in the tool (also available as
data_NLR.csv on our website)

Fhe LA TR T ER R (R ZE8(Ma8 H _Lrydata_NLR.csv)

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?
FAEIRVEF A B » =5 A EIRVEAEY - (RERZZEI(7EE 2
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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 ?
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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
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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




Modelling Using Multiple Regression 24 1 2H g%
° \What if there are multiple factors to be considered? 41525 24 ([N 22 25 H % = EJFYE ¢

BB 7

PN

°* How to determine whether a factor is important? #1{a] HEr—(& X

!

° Example:
How does advertisement in different media channels (TV, radio, newspaper) affect
the product sales?

AEGEAG (BB ~ BEAE ~ Hslt) YRS B iy & 2

TV radio newspaper sales

o Multiple regression: we can consider 230.1 37.8 6.2 22.1
%R ¢ oL ws  wa s
17.2 45.9 69.3 9.3

— f(Xl, X2, ... ,Xd) — 30 + a1X1 + axxe + -+ + adX4 1515 413 58.5 8.5

. . ;o= 180.8 10.8 58.4 12.9

and minimize igz//ME . 155 o )

RSS =37 1 (¥i—ao — aixi1 — -+ — adXid)?
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Modelling Using Multiple Regression 2% 4H
°* Approaches J5/%:

* Consider each variable separately TV radio newspaper  sales
/\}DJIJ:'/%‘F@-:{. %& 230.1 37.8 69.2 22.1
44.5 39.3 45.1 10.4

sales = By + 81TV 17.2 45.9 60.3 0.3

151.5 41.3 58.5 18.5

 Including the variables &A% s s o o
sales = By + 81 TV + Boradio + B3newpaper 8.7 48.9 75.0 7.2

» Including all variables and their interaction terms 5T S8 & A T A0 py S22

sales = By + 81TV + [Beradio + B3newpaper
+ B4(TV - radio) 4+ B5(TV - newpaper) + Bg(radio - newpaper)

 And many more possibilities B/ 5 %A FEME

o Detailed description 4z EH: http://mathcal.math.cuhk.edu.hk:7541/


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

Modelling Using Multiple Regression 2% 4H

° [nterpretation of importance of dlfferent factors via multiple regression:

BBZ T EER TR EN R E RN

« We first standardize all variables (i.e., transform the data values for each variable
to have a mean of 0 and a standard deviation of 1) and then solve for the best-fit
multiple regression model

B4 > B SO TRt (PR EE ( ETE A S A FoR M i 5 T O -
BRER 4 1 BT+ IR )2 T

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

the variables Ffi{g: £ 30 A/ Na] DIFR R EE S A AH S 58 22

« Can be used for feature selection or model simplification

H R E EdE A R b

o Multi-Regression R Shiny Tool % tiEEF R Shiny T &
https://mathmodelcuhk.shinyapps.io/multi-regression/
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Multi-Regression R Shiny Tool 2% t4® 14 EEE R Shiny T E

5

e e e
“-ID\UI-F-WM—ECII'DD:IHD\'UI#WN_.

18

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

230.1
44.5
17.2

151.5

180.8

8.7
97.5
120.2
8.8

199.8
66.1

214.7
23.8
97.5

204.1

195.4
67.8

: : : : e o N
Performing multiple linear regression #1724 70 45 14 20 f
Input data format: CSV, XLSX, or TXT file containing the data points (at least 2 columns
A N . G ~ N =t N ZIRZNIS
of data) B A BrEHs S ¢ f1 S BIEBEE) CSV. XLSX 2 TXT #5ZE (/b 2 51
Sample data file £FZ#E 22 [data. MLR.csv]
B C D Upload your file: + 7
radio newspape sales Brorec il
37.8 69.2 22.1
393 451 10.4
45.9 9.3 9.3 Choose prediction parameter
413 585 18.5 sales -
0.8 584 12.9 . t
48.9 75 7.2 g
328 235 11.8 e
19.6 11.6 13.2 e
2.1 1 4.8 O TV~ radio
26 212 10.6 0 TV newspaper
5.8 24.2 8.6 B D T
24 4 17.4 L TV radioTnevspaper
35.1 65.9 9.9 sales = 0.045764 - TV + 0.18853 - radio — 0.00103749 - newspaper
7.6 7.9 9.7 _ 1 2.9388
32.9 a6 19 t:::e plotting parameter
477 528 224 o
36.6 114 12.5 S
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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
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+
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

63



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
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Desmos for math modelling

Adding restrictions on functions ¥f R IR
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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

68


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

Python notebook examples (solutions) #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



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

How to Write a Mathematical
Modelling Report?
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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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Sample report (1) — 1-page summary

25 Fin (1) - 1HiEZE

ES

7750 B W T P P SR BB B R BT AR AE R A A E BB T
R BRI AR LT £ 67 28 TR T A A AT 2E I L
fhe HROTIEE L WU FP 5P b B T T A T BRI BRTEL AL R AL
E 2026 4ER1 2036 SEITE PN - BT TH A AT SRS TR S
4 » HAH T IO TR (S BB R A ARSI » B BT E
TR SRR S HOTE TN B P SR M B e
ARG & » SEELEUBMAME R EL TGS TR A TR P A B R
AT SR ISETE 2026 4E0 RIS B T35 FRMELIRIATEE B 1478 -
TREEEITALIS 543 4E 2036 FFRF —RUBSILAURIE 1y 1170 EREEHILATRIE fy 1661 -
RSB 1y 725 -



Sample report (1) — Problem introduction and analysis

25 Em (1) -

1.1 BEPHER

el EH BT R ot

PRl RV -HAREH R ERA R AR EERER

BAR G RGHAE K IhRERTE » BRI G5 (EBET - PR AR AR U H EEARA ¢
PIRAG ~ AR~ ERRRE REE - B R o 5 [ BUEEAm RS — AR

A » WdlE ~ WisE ~ BB (BE) Alards o (EERETL Y

5 | E R R G E — SRR N AR - R e ~ L (B I3y -

(RreERGEEFL Y

ELR

LIRS 7] LA ~ BRI EIEAER 02 A (B0 ~ &

MEMERREE) &5 ~ RafiUEt - NEEBFERELREEREER - EEDE

)

12 EHD

Ry T SRR BRI PO BB EENET OEE T 2007 2 2024 FHIEHZRE
Fe N 5838 S| YRS T B R R ZE N HTA R KR - rhER R S e

i ATERE RS ~ 2019 TWiRm a0 ~ &Yt ~ JRELEN - G500 - (EAERTRETL )

BROTERE S /KE - 2019 TR TR SRR TR BRI By
95% LA L (HEZERTE T *) > 93.8% (rA:RAaE °) - 95% LAE (FAElGagrha*) - sk
R & AN R AP S S A A BRI R - &Y AL AEIH AR LR
AT - A EERY) D UBAR S RELE - BRI E MRS R R

AT > RIS 4% - M tEE AL H S PO E = a A ERE e ~ R4 A e E
WA AJRERBLEHIE - RS AR » PTLABOT 8 A AR AR E R B E A

93 7 1 o 16 BTN FR S8 PO MR < s A e BR B R, ~ 4N -
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Sample report (1) — Model assumption and data collection

A R S BRI

ﬂ

2ZEm (1) —

21 Bk
RPHESH BRI > b TR -
REESE o ]
TR 2025 4FE] 2036 49 HTHIRISE R B
2. AR PG b S AT R (CA- MRS AYRBE  2

7 R LR R P b S AT BT RR B CA-MRSA) R 1 8 5% - S
ST

EUNRL: SN
ToT7 I3 2025 225 2036 5 A L1488 E R 847531800 X — 2 —JU4EAEth A IR )
4 FERLLBITE R

IR A BT A RN A% H (367000 )(BUMF4EATIE ) SETEH (514000)
(BUNSRETIR ) FRFFR B LU E A O ER OIS HIRRER (1.5:6.5:2)( \O&F

23 WEERRER

PRIE DL DR R T (e AR Y - AP HE BRI AP O U s 1 HR 2007 £

2024 F(EE 12 A VB LR B A PTARE:  A E BRE (CA-MRS A gl A% -

Ay 2007 2008 2009 2010 2011 2012 2013 2014 2015
o
R 173 282 368 495 624 815 990 997 1046
AN
Ay 2016 2017 2018 2019 2020 2021 2022 2023 2024
SR

1164 1258 1218 1236 813 582 416 469 567
N
(FrEPsEC - 2024)

77



Sample report (1) — Formulating and solving models

25 {Ein (1) — 20 RORSE AL

3. ETHEREEAEE
3.1 FENHERIN SIS R R RE EEE B B BRI E

PRIZ LA EFRATEER AN FH A PSR s i PR B B H RS - RIS R
EfEELE - WTRHIITER AR » WROGTE R IEZHY T2 E & -

“

? a = 18.3415892672859 ~ b = —36216.75094599243
~y =183416x — 36216.7509

EAE R? = 0.0765188093604

N ESEGTEREERCEIR - BB SRS
/N BT PR -

IE& TR RS TRy =ax + b

- BRFEEHAERRL - DREAREBOR
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Sample report (1) — Formulating and solving models

25 Ein (1) — 208 RORsE AL

DAPUR IR RIS AT TR  y = ax* + bx® + cx? +dx +e
a = 0.2156309759268 ~ b = —1738.6105813401796

¢ =5256812.684050306 ~ d = —7074117469.820244

e = 3559773246733.694

%~y =0.2156x* — 1738.6106x3 + 5256812.6841x2 — 7074117469.8202x
+ 3559773246733.694

HLE 4% R? = 0.9214340633808

R UR G ig i RS - BFREAE R AR E - 2026 2 1% K Al RE HIFRFr 4 21

BT > RFFEHE - AR - BT ARRITHER: -

PUEZ IS BB R - y = a-sin(bx +¢) +d
a = 468.6964665768187 ~ b = 0.340944285899

¢ = —1.0212951108444 - d = 739.968794179509
“y = 468.6965 - sin (0.3409x — 1.0213) + 739.9688

SREGE R? = 0.9083044004034

N R IESZ T R S BARAY L E (BT 1> B
PRAIESZ TS -

=
-+

B EIAMERIMEE > B AR
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Sample report (1) — Interpreting and validating models

SEZAEm (1) — B R s i Ay
e Ll TR E S Bk e A B - 07 e (E F (E0Z T R A e S B B TR AR

2026 Al 2036 F- A/ AN 1HER R FH AP S = R ERE RS B - IRIBER EZ 51
ERESEZ T2 » TMTATARTE

1600

] A
TF 2026 4N 1F 2036 4EN%:
— R AR H 1238 SR8 — A H 1194 SREL

e R YR H 11205 8 SRR R H 11205 SREL

(RS IL:237 5 g - {ER S TE Y H 237 58 -

UF BRI A R A R (40 CDC) AIRRFE SR v &R 1 & B B S
s tEEERE (CA-MRSA) FLEREESAHEE -

SEE R BT FR 457 P o o A e B T N (7

7y | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013

N 8000 | 12000 | 15000 | 18000 | 20000 | 22000 | 25000 | 23000 | 21000 | 20000

iy | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023

JA
)\;51 19500 | 18000 | 17500 | 17000 | 16500 | 16000 | 12000 | 13500 | 15000 | 16000

(U.S.CENTERS FOR DISEASECONTROL AND PREVENTION)

2000 002 2004 2006 2008,

7 IRERAT I T R A P AR o A R R I £ B R P E SRR S
il - GIANALEY ~ SRR ~ ZIEFSEk o LA EAVEREEA L - AT EN A o HA

FRIE BT -SSR AR E 34 [E B LR A PR R B BT A R i R S ARG 5 - 80



Sample report (1) — Model refinement
25 Fmn (1) — SUESAY

5. FAdEAL--BRAIRTHEY

6.1.2 FreyfRER

7. F1E AR SR PO S B ) A PR B e B T MR SR 35

8. L1 AU FH 4 P A < B Ao R R R _E B S8 Mg 55

FELA_EHBERARRL b BAMTEE3R 2026 s s EARS E I TRV ABEE 2036 52
eAE - AEER (B AFEEE - HEP e gREERNEMEESE g
3R BT T REAYREES (Sl s RiEf) - o7 A BERRE R iR Rt TR - HEY
BT R 230 — (A BT E ISR A IS RIEE DL RIEAY NG A fE 56 = A e
TR & A i R 48 Pa M s A A BRI R AR R TAE 2026 £RA1 2036 FHYE A

ABIRERL - AR IESZITARERIMEE - BT T EZ MR S BB S A e 2 — B H

B ERE P A g4 EEEN - NI R AR A TR A B -
LAIESZ A2 B E & ARG BB R @3 s - y = a-sin(bx + ¢) +ex +d

6.1 EETRUIRIHER
a = 468.6964665768187 - b = 0.3818

B LU EMRCE T E BT A ERVBEREAY -’ B A IR R R B Bl E RS = 13212 - d = —37629.968

FEERRERESI A & o (EE BN BT VTSR ETT RS, - SRR AR o e et o — 18.3415892672859

TEAIE B Y[ BF S P S A BRI B 7 A [EE A 2026 £EAT 2036 F0YFH .y = 468.6965 - sin(0.3818x — 1.3212) + 18.3416x — 37629.968
TR AR - SREI4EL R? = 0.980248034
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Sample report (1) — Model refinement

25 Fan (1) -

6.2 EETEEIRITEMN

200(?.\

DAY

000 2002

2004 2006 2008 2010 2012 2014 2016

1F 2026 FhF ¢

— B H 735 SREL

R IR LAV H 1478 SREL

(IR 17 00:543 S8 -

2018

2020

2022 2024 2026 2028 2030 2032 2034

1F 2036 FFHE:

— R HIE H 1170 SR8

iR IR H 11661 ZREL

R IO 725 SR8 -

2

36

2038

6.3 fEETHEEINYE S

RIS 2 T AR L EL AR T R4S S AR BEBR B A 8 5 - BRI KAy Tieg - B

B SRAHBEUBILE
47 S TR | M GRED | BEEst
2009 368 352 16 431%
2010 495 512 18 3.64%
2017 1258 1217 40 3.18%
2020 813 796 17 2.09%
2023 469 496 27 5.76%

HITTAMAE 2026 5y - —fCFIEVEE Ky 735 ~ SRS FIIVEE K 1478 - {Ki#
IR 543 1 4E 2036 I - —fBERAVEE £ 1170 ~ SRt a B e & 1661 ~ (K
WREFIEIIHVELE Ry 725 S EEIS S TARERRERE /D - B o] - B ER
AR AL E T TR+ R R B S5 P R <22 o e ) BR B R A B0 T
2026 A1 2036 LAY R BIAEEURE 7 & 1R R TEI -
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Sample report (2) — 1-page summary

25 Fin (2) - 1HEE

sSummary

The outbreak of infectious diseases has been serious for decades. In this paper, we
will introduce 3 models. The first one is designed to calculate the risk levels of
different diseases. The second one uses multiple regressions to predict the number
of infected cases in different scenarios. The third model is used to predict the future
level of outbreaks under different scenarios.

Our first model, the Level of Infection Model is used to predict the level of
infection of different infectious diseases. We first deduce the future number of
infections of each disease using multiple regressions and select the 5 highest
infection as our target. We then search for different factors that affect the intensity
of a disease and apply the data to our model, coming to the conclusion that Scarlet
Fever and Food Poisoning has the highest level of infection, and will thus require
the most attention.

For our second model, we made a model which is a formula that takes variables like:
death rates, reproduction number, reinfection numbers, incubation period and
different transmission ways of each respective disease into account. The formula
will show that the larger the number we obtained through replacing the variables
mentioned, the higher the level of infection, and thus requires a higher attention.
Assisting in the accumulation of the found 5 notifiable diseases to find out the one
disease to be researched into for the second task.

For our third model, three sets of Gaussian Process Model are used to predict the
future trends (2026-2036) of Scarlet Fever to find out about the total number of its
cases in Hong Kong in 2026 and 2036 under different scenarios: normal scenario,
high-outbreak scenario and low outbreak scenario.

As the second and third model are both proposing solutions to the second question,
we compare the result at the end to analyse the difference.

At the end of each model, we have listed out the strengths and weaknesses of the

models we created and used to further reflect on our work for this topic.
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Sample report (2) — Problem introduction and analysis

25 (Eon (2) — A H B Ko

1.1. Background

Infectious disease outbreaks have been a major problem in Hong Kong. From
Tuberculosis to Dengue Fever, these infectious diseases have affected many people
in Hong Kong since 1997.

To define infectious diseases, it refers to a disorder that is primarily caused by
microscopic organisms like bacteria, viruses, fungi, or parasites. They are known to
be fast-spreading and high-risk, causing outbreaks of infectious diseases to become
a common phenomenon. Thus, focusing on the prediction of those outbreaks can
greatly reduce the threat and danger of infectious diseases.

1.2. Problem Restatement

In this paper, we will solve 2 problems.

For the first problem, we are tasked to suggest and identify two diseases that
deserve special attention in Hong Kong for the coming future. Thus, we will start off
by collecting data of the number of notifiable infectious diseases each year
(1997-2024), which is data provided by the CHP’s website!"l, To tackle this problem,
we have created a level of infection model which addresses which notifiable diseases
have always had an ongoing and significant presence over the years. After
identifying a few of those diseases, we will put them through a series of
multi-regressions to predict their impact on Hong Kong in 2025. The two diseases
with the largest number of predicted infectants will be chosen for this problem.

For the second problem, we are tasked to select one of the two found diseases to
develop a mathematical model to predict the total number of cases in Hong Kong
2026 and 2036 under 3 different scenarios: a normal scenario, high-outbreak
scenario and low-outbreak scenario. Thus, to tackle this problem, we have selected
scarlet fever as our target and will put the data we got beforehand into a Gaussian
Process Regression which will predict ranges of the number of infectants from
2026-2036.
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Sample report (2) — Model assumption
25 Fan (2) — 158G

2.1. Assumption and justification

Assumption

1.

4.

The R, (basic reproduction number) and the death rate of the diseases will

not change.

. The recurrent infections and the incubation period that happen on each

person are the same.

. There will not be new vaccines or new medicines in the future that will

decrease the number of infections.

The diseases will not undergo genetic mutation in the future.

Justification

1.
2.

This is for the simplicity of our model as R o and death rate ranges widely.

Some people may encounter recurrent infections and a longer incubation
period depending on their health. This is for easier calculation.

. We are unable to predict when new inventions aimed at combating diseases

will be released. This assumption simplifies our model.

There is no observable trend of the genetic mutation of infectious diseases.
Also, genetic mutation of diseases may weaken or strengthen the infectious
rate which is unpredictable.

2.2. Definition of Variables

Pn Predicted Number of Infections in 2025
R, | Basic reproduction number

Dr Death Rate

Ri Recurrent Infections

Ip Incubation Period

Tw Transmission ways
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Sample report (2) — Formulating and solving models

25 {Ein (2) — 20 ROR AL

2.3. Model Description

Our model is designed to calculate the level of risks of different infectious diseases.
The larger the number obtained through using this model, the higher the risk of the
disease.

2.3.1. Model Overview

The following is the model we constructed:

Pn-R - (1-Dr) - (1+Ri)

f(Pn, Ro‘ Dr, Ri, Ip,Tw) = i - Tw

The larger the number we obtained through replacing the variables in the above
model, the higher the level of infection, and thus requires a higher attention.

In this model, Pn is the predicted number of infections. We use data from the
recorded year to predict the infection number in 2025-01-01 using multiple

regression.

RO is the basic reproduction number, which influences the spread of the infection

directly. The higher this value, the more infections occur.

Dr is the death rate. (1 — Dr) shows the proportion of individuals who survive in
the infection. A higher death rate reduces the level of infection.

Ri represents the proportion of reinfections. (1 + Ri) shows the increased level of

infection due to reinfections.

Ip refers to the incubation period. It acts as a divisor as a longer incubation period
may delay the symptoms onset and reduce the immediate impact of the infection.

Tw is the ways of transmission of diseases. We weight the different transmission
ways according to their prominence . If the disease has more than one way of
transmission, the weight will be added up before the multiplication.

The following is the weighting we calculated:

Respiratory droplet transmission 5
Transmission through physical contact 4
Aerosol 3
Fecal-oral route 1
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Sample report (2) — Formulating and solving models

25 {Ein (2) — 20 ROR AL

2.3.2. Model Application

After calculating the predicted infections in 2025-01-01, we select the top 5 diseases

that will have the most infections'. They are:
Community-associated methicillin-resistant Staphylococcus aureus infection

Tuberculosis (CAMRSAT) [ R i S8 4 o 4 4 BR B

201
Date

Fig. 3 Linear Graph of no. of Tuberculosis cases N ) .

2010 2015 2020 2025
Date

Fig. 5 Quadratic Graph of no. of CAMRSAI cases

y =— 4.08401169084952¢ — 05x2 + 0.372820681972283x + 208.482531481418
Predicted number: 894.2347
Result after applying the model: 703.89'*

y =— 0.446735081139859x + 7447.77017470293
Predicted number: 2879.01
Result after applying the model: 174.78"
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Sample report (2) — Formulating and solving models

25 {Ein (2) — 20 ROR AL

Scarlet fever

2000

1500

1000

500

2000 2010 2020
Date

Fig. 4 Exponential Graph of no. of Scarlet Fever cases

y = 94.9542577594466 - 1. 00023619423202"
Predicted number: 1062.807
Result after applying the model: 16926.93"

2.5 Strengths and Weaknesses

Strength

Comprehensive
In this model, most of the important factors of the spreading of infectious
disease are considered. They include the predicted number of infections,
basic reproduction number (R o)’ death rate, recurrent infections, incubation

period, and common transmission ways. Our model is comprehensive which
makes the results more reliable and valid.

Viral hepatitis - E

T - T - v
2000 2010 2020
Date

Fig. 7 Exponential Graph of no. of Viral Hepatitis-E cases

y = 12.6185011506163 - 1. 00025744483431"
Predicted number: 175.5131
Result after applying the model: 11.16""

Weakness
Unpredictable change
As we use data from previous years to predict future infection numbers, we
cannot ensure that the number of infections in the future will change
according to the trend we observe. There may be a sudden outbreak of a
certain infectious disease due to factors such as genetic mutation. 88



Sample report (2) — Formulating and solving models

25 {Ein (2) — 20 ROR AL

3.2. Outbreak Scenario Model 1
3.2.1. Model Overview!

Quadratic regression, exponential regression and logarithmic regression are
used to predict the number of cases in 2026 and 2036 in high-outbreak scenario,

Total Cases

low-outbreak and normal scenarios respectively.

10000 4

8000 -

6000 4

4000 -

2000 -

Infection Trend Analysis with Different Regression Models

High-outbreak scenario: y = 16. 21x° — 81.57x + 1460.4
In a high-outbreak scenario, the predicted number in 2026 will be 4305 and in 2036
will be 10298.

Low-outbreak scenario: y = 1185.26¢ " "

@ Actual Data

==+ Quadratic Regression (y=16 21x* + -81.57x + 1460.40)
—-- Exponential Regression (y=1185.26e” {(0.0537x)})
----- Logarithmic Regression (y=1238.12 + 230.43In(x))

® 2008 e

=

1526 1500 L LAB6. pa s TTTE
L e [
- Y o o

2353 -

T T R — —

10298

4790

T T T
2010 2015 2020

T T
2030 2035

In a low-outbreak scenario, the predicted number in 2026 will be 2799 and in 2036

will be 4790.

Normal scenario: y = 1238.12 + 230. 43In(x)

In a normal scenario, the predicted number in 2026 will be 1877 and in 2036 will be

Scenario 2026 Predictions 2036 Predictions
High-outbreak scenario |4305 10298
Low-outbreak scenario | 2799 4790

Normal scenario 1877 1989
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Sample report (2) — Model refinement
25 Fim (2) — BB

3.3. Outbreak Scenario Model 2!

2. Core Modeling Technique: Gaussian Process (GP)
e What is a GP?

o A flexible, probabilistic machine learning method that predicts future
trends while quantifying uncertainty. It is like a "smart curve-fitting”
tool that accounts for noise and patterns in data.

o Key Idea:

o The GP assumes infections follow a pattern defined by:

Infections = Long Term trend + Seasonality + Noise

4. Scenario Configuration
Each scenario defines how these kernels are combined:

Scenario RBF Weight  Seasonality Weight Trend Weight Noise Level Interpretation
Normal Moderate Disabled Disabled Low Stable baseline

transmission
High-outbreak Strong Strong Strong High Rapid spread
scenario seasonal spikes
Low-outbreak  Weak Weak Minimal Very Low Contained
scenario transmission

Key Metrics:

o Median: Most likely outcome.
o 95% Confidence Interval: Range covering 95% of predictions.
o Peak Infections: Worst-case estimates (e.g., 99th percentile).

Normal Scenario! "’

— Historical Data

400

Al
ARNE R TPV W
U f&,‘ a"‘#‘f.h

A
ny tl-,"*r.s
b

3 © o » ® 2 o
& 4 X Ry Y & &

Normal scenario: the trend is gradually decreasing. In 2026, the range of Scarlet Fever
infection is 432 to 2696 people, with a median of 1945 people. In 2036, it is projected to
have a range of -1813 to 2659 people, and the median is 840 people.

High-outbreak Scenario' ™"’

High-outbreak scenario: the trend is generally increasing. In 2026, the predicted range
of infection is 3510 to 4407 people, while the median is 3913 people. In 2036, the range
will be 5507 to 7361 people, with a median of 6314 people.
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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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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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More advanced-level mathematical modelling competition examples
26 A SR B R LR 1

° The International Mathematical Modeling Challenge EjfZEE22EPkERE (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
EEARBEBEENEEE (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
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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/



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

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 99



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 BAENENE 42T GeoGebra ~ Desmos ~ Python #1 R BYIEE -
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Please complete the Course Evaluation:
e TG CL T ERIERP R
https://forms.gle/ZPTbiEK5JP5REwvQg5

Mathematical Modelling @ CUHK Mathematics:

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

Contact:
mathmodel@math.cuhk.edu.hk

Thank you!
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