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Scenarto 2: Measuring the Thickness of Toilet Paper
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Introduction

Imagine the bell just rang. What 1s the first thing you do after you leave the school?
Studying? Tutoring? Get some sleep first? Why do you choose that when yvou finish
your school time? Whole person development is one of the focuses in secondary studies.
Do vou think the activities you choose everyday can achieve whole person development?

Today we will try to use linear programming with the aid of GeoGebra to find out.

*  What activities do you usually do atter school everyday?
*  Why do you pick the activities? What are the criteria?

*  What 1s the possible way to achieve whole person development?
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[.  What are the assumptions when we use linear programming in this scenario?

1. Oy AAI W LA B sl ded
v
1. S ¥2b ERSEN:

-

What are the assumptions when we use linear programming in this scenario?
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1x1x12
Each candy has
1)(2)(6 24 .2 i . L faces of {_'?7 cm’ area,

> - 19 facesof *’2 cm? area and

1X3X4 L__,2>__GIH ; lfacesnf_&ﬁ_ cm’ area

2 X 2 X 3 Part II: List out the arrangement of 12 candies

casel: | x L x 19

Case2: 2 x 2 x Z {rufos of 19
Case 3: i‘ X b3 X b

Cased: _{
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24 168.2
4 82.8
12 a0
4 103.2
24 121.2
12 124
24 134.8
G 78.6
80.4
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Part II: Think of a possible solution

Step 1: :
P Filled A
Step 2:

. Pur A=2B

| Step 3: EM‘p"*'Y g

Step 4.

P A= R
Step > F’;Hﬂﬂk A
PO pwr AR
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Name;

Targets: (1) I can model the real-v

i

(2) | can model the real-w

(3) | can model the real-w

Mathematical Modelling

Hong Kong's four key industries are: (
(4) Professional Services and Other Su

economic growth, employment and Suj
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hi Step4:  Interpret the mathema
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Mathematical Modelling

Revenue - Cost

Proceed 1e | : Total Profit= |

--._--...._..ﬂ-_q---_- -.." tland

ITERATE
(Model Revision)

|‘_.,,. graph solution in n
plaln lanouage e.g. '

o ---------m-g -

= #‘r\- r*f“
Proceed
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Step 3:  Solve the mathematical model.

The parameters in the linear function y = mx + ¢ are (

Therefore, (

The selected coordinates:

) and ( )-

) pairs of coordinates are needed to estimate the parameters.

—

e | ~ I ZL 1 J
— 5172 245. 45

—_—

The linear functionis: ;, —

06454 ,5x

Reason:

Show your calculation:

) ( L )and(

The parameters in the _quédratic function y = ax? + bx + ¢ are ( ¢
= ) pairs of coordinates are needed to estimate the parameters.

Therefore, ( i
The selected coordinates: ( 200 ) ’ 64200 ) P ( 20 /.7) ﬁ/é;ro) : (

Reason: 'f,;u_'é 4 ﬂg }‘Fw/\/r)/)/p 7 ‘f/'.// f/f -?nn/.

rom
Show your calculation:

1 642°0 = a ( 2000) > ¥ >o00b t @

-
-

314300 = a (ifoll) Tl e =60

& 162 = & T "-.,_14‘7-:4/' ;l24'£>'1’ C "@
— Q1A D) - VL
25— = 311300 = 164200 = (50, 2)% +2012 —(
@ -0 = 916200 144300 = (son4r’% + It - (

= | |86 205556
89

T

Lz -—4T748532.2

¢ = 47500197 3%

-
-

- j = 144, 40555 — 474 8353¢.227 .

€

- 4
202 %, 8/ @20ee)

Step 5:  Evaluate the mathematical model.

Do you linear, quadratic and exponential functions make sense? AJj©

How well are them to solve the real-world problem?

coulCint agree on the Ly thot can naake
on consistof

ue tTo eP\l olemic s
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Sence . [oulrism growth trenc N

extreme clota > €F raterve 128 2019-2021 A
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w U th i
1 r\uesﬁ’lﬂ'@"rt ;

w/hich resul®

RBut yet cowld 7€ provice us
similar trenol for

Suggest some improvements for your functions.
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Evaluate the
mathematical model:

The linear function is more favorable
KSraph s a straight line = Easy to understand and visualise
== = - - Stable trends

pe) x + C (x-intercept) fas!er calculation

SUML Thuaee 23

ghly limited, and they
approach due to special

—
ANALYSIE THE REAL-WORLD PROBLEM
Topic: Hong Kong's Financial Services

 Core status: Fino: cal pilar amaong Hong Kong's

0. ass0t managemant.

ol activitios,

* Stratogic rolo;
centor, driv

We can consider the influence of more
variables and use more different functions

* Future talent demand: 4
odu ttution:

Policy needs enables relevont
tanable growth

FORMULATE
THE MATHEMATICAL
MODLE:

From the graph,

LINEAR FUNGTION

The independent variable x is: T oh of the linoar function Is &
o with alope m and y
8 ropresonted by ym

year
While the dependent variable y is:
employment

What is/are your assumption(s)?
The employment rate will

ENTIAL PUNGTION.
Crease year by year. e Sponen ST
th a y incareent’sis
odbyy

Qe i,
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Solve the mathematical model

The FarameferS ih guadratic function
=ax 24bx4c are and

T herefore , ) pairs of coordinates are

heeded to estimate the rarame{:erS

The selected coordinates:

(2000,1%5800) (2011,235900)

(202.4,5212.00)

2000 2010 2020




Exponential Function
(2000, 115300) and (2010, 215100)

1. 115300=ab*(2000)
2. 215100=ab*(2010)

2/1: 215100/115300=b*(10)
b=1.0643
115300=a(1.0643)*(2000)

a=4.706x10*(-50)
Linear Function Model Quadratic Function Model Exponential Function Model y = 4.706x1 D"(—EU}H'I 0643 x

Equation: y = 9980x - 19844700 Equation: vy = -1329.5x° + 5,341,275x - 5,364,434,700 Equation: y = [4.706 x 10-%%) - 1.0643"
100, 000

Statistical Modeling and Comparison of Year-Value Relationships

Quadratic Equatmn
): (2000, 115300), (2010, 215100), and (2020, 49000)

1. 115300 = a(2000)*2 + b(2000) + ¢
2. 215100 = a(2010)*2 + b(2010) + ¢

600, 000

200,000

100,000 j 3. 49000 = a(2020)*2 + b(2020) + c
' | 3-1: -66300=80400a+20b

2-1: 99800=40100a+10b
100,000 . a=-1329.5

S0, 000

b=5341275

C =-5,364,434,700

y =-1329.5x"2 + 5,341,275x - 5,364,434,700

1995 2000 2005 2010 2005 2020 2025 A030 2020 XN 1 2010 2015 2020 2025 2030
Linear Function
Laraphs based on the specifed modd equations and datn points.

(2000, 115300) and (2010, 215100)
m= (215100-115300) / (2010 -200 0)
m = 9980
y-115300/x-2000=9980
y=9980x-19844700




coo STEP 9 - EVALUATE THE MATHEMATICAL MODEL S4 Mathematics Projet | Ho Lap College

Pros and Cons of Each Model

* Linear Model: Simple and easy to interpret, but ignores curvature and cannot capture economic shocks or cyclical

patterns in the data

* Quadratic Model: Captures curvature in trends effectively, but may overshoot predictions and produce unrealistic

values for distant future years

* Exponential Model: Fits growth patterns well for expanding economies, but may significantly exaggerate future values

beyond reasonable expectations 3 X ' <

suggestions for Improvement § nﬂﬂUD

T

* Least square method can be introduced to minimize

the errors between the actual values and predicted values.
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ZEMS|A
Setting a Marked Price for a Property

Have you ever wondered why two houses that seem similar can have very different
prices? Welcome to the activity of real estate pricing! We will explore how to set a
marked price for a property using mathematical modelling. Real estate pricing 1s not

only based on location but also influenced by many factors, such as the floor area

and age of the building.

Imagine you are a real estate agent trying to determine the best price for a property.
You have lots of data — the marked prices of various properties along with their
corresponding floor areas and ages of buildings. Your task 1s to use this data to build

models that can predict the price of a property.

By analysing how different factors impacts the price, you can create mathematical
models. This activity will equip you with the skills to make informed and strategic

pricing decisions. Get ready to become a savvy real estate expert!
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v.  Refine the design of the graph. For example:
* Adjust the size of the graph '
* Modify the font and font size
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To use data of marked prices of properties alongside their corresponding
I floor areas to formulate a model

2 The following figure shows some real data of the marked prices
of some properties and their corresponding floor areas.

| A B
1 Floor Area Marked Price
1,608 1@—_—? “H means 10,000 1080
Floor area in sq. fi. 035 1780
4 827 1600




Generally speaking, what is the relationship between the ages of buildings and the
marked prices of properties?

D S —— _
E 1 1§IJ The greater the age of the building, the x-*ﬁf_gﬁg{*ﬁ'!pwer the marked price of
the property. {‘ P

I'I

S

2. Input the data to MS Excel. To calculate the ages of buildings, you may use the
formula as shown on the right-hand side of the above figure.

—r — — —

Building Age Marked Price

12 gzg 3. Plot a graph and formulate a model (Model B) that describes the relationship
16 1600 between the ages of buildings (x) and the marked prices of properties ().

2 599 _

16 2978 A _

16 950 —

9 1598 J

2 1280

16 5678

6000
®
5000
o 4000
=
-
o
S 3000 |
E e N N e
--------- .1------ :
. iiiiiiiiiiiiiii
1mﬂ IIIIIIIII '




@%,/—— */\Et EX3 75
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@ Assumptions and Limitations

6. What are the assumptions and limitations of Model B in
Question 37?7

Assumptions:
1 Linear relationship
' No other factors
Limitations:
‘ Oversimplification
,\g . Dependence on a small amount of data

_l ' l

[E‘& N

‘@ Conclusion

In Activities 2 and 3, we used MS Excel to formulate
the lines of best fit based on some real data.

These lines are useful to express the relationship of
different data points.

However, both Activities 2 and 3 only consider one
factor (the floor area; the age of a building) when
formulating the model.
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0 - (Google Sheet - Fomula

QA 6 e & F 100% ~ £ % O 99 123 FEB(. v - + M =]1=] E§ \ _
o . = E B\
1 A #H A | A = |
‘ =T = NV E = Ed
: DR e o<
o
3 Eﬁﬁ%m o 4C BEA BiER v < >
4 BfIE1 4 BFE7
5 Bit[E2 5 BF[ES Q 6 ¢ & F 100% ~ £ % 0 00 123 FEE(. v - + B I = A S M@ = .
o g B9 B T A R T T e
T gtEs | 4 Bt 10 1 A #H B #H C 48
8 BIEES EE11 , Ry SRR Ry SRR Ry SRR
; - R R R R R R
B/ 6 512 3 FE5#|0 81 p_61§ 3.14/0.796 rE# 2 71/0.839
4 BfIE1 4 857 7.28 8513 7 8.15
’ 3 Bf)52 2 B/ 58 8.07 fif 514 7.1 8.23
+ = Task1 + Task2a ~ Task2b ~ ] %FHEEE’) gﬁ)gg %‘;HE—IS 6.9 806
2 R 1\ Bf/510 8t/E16
VREN 77 LT "73 (u) g g 7,89
Z 0| | &2 fiE1s | 7 8.15

JE? FEﬁ 1;@ y o . 195 8.40 395 8.31
73 7N B/ 1.99 BAEE/N: 1.51

= Task1 + Task2a ~ Task2b ~




Interactive Data Distribution & &

BEYEES
TSHBRETADBYERMRESTEAMEE | THEEEHE —

RE_RESEZ=TE - 2R

SRR BRRTE - DRI MIEEEE

4 @A 4R (DATA INPUT)

GROUP 1 Class A GROUP 2 Class B GROUP 3 Class C

4,5, 7, 4; 8;2 5. 6.5; 7.5,'8; 7.5, 8.5 7.0, 7.1, 6.9, 8.5, 6.7, 7.0

O . T I PN

e 73 i LEEE (DISTRIBUTION)

/{ --- Stats Logic ---

function parseData(str) §
if (!str.trim{)) return [];
const raw = str.split(/[\n, “t]+/).filter(s =>
return raw.map(Mumber).filter(n => !isNaN(n});

¥

function calculateMean(arr) §
if (arr.length === 8) return 8; 0 1
const sum = arr.reduce((a, b) => a + b, 8);

return sum / arr.length;
:

[

p: 4.97 g: 1.82 (n=28
function calculateSD(arr, mean) 4 [
if (arr.length === @) return 8;
// Using population SD (dividing by M) to desc:

const wvariance = arr.reduce((acc, val) => acc +
return Math.sgrt(variance);

(=

3 ;
// --- Drawing Logic ---
function drawGroup{index) 9§

const canvas = document.getElementById('canvas-
if (!canvas) return;

const ctx = canvas.getContext('2d");
const currentState = state[index];

[

// Handle DPI 1] 1
const dpr = window.devicePixelRatio || 1;
const rect = canvas.getBoundingClientRect();
canvas.width = rect.width * dpr;
canvas.height = rect.height # dpr; - 4.95 o: 1.05 (n=20)
ctx.scale(dpr, dpr); '

const width = rect.width:
const height = rect.height; °

[

ff Clear 1] 1
ctx.clearRect(®, @, width, height);

Limll
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— |
2/
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emini - canvas
tml/css/is

Range:0-10

10



[ &)\ ®i (DATA INPUT)

GROUP 1

4,3, 6.4, 6.1

o) eNES (PARAMETERS)

Class A
Shife
@
Scale
&
FEHRE (DISTRIBUTION)

L 115 (ne)

Gvs, 4-‘) 5'4, 6-6’ 305, 405’
3.1, 5.9, 6.5, 6.2, 5.2, 6.1,

Class A

GROUP 2

3.4, 4.7, 5.0, 4.5, 4.6, 4.3,
4.3, 3.9, 3.3, 5.8, 4.8, 4.1,
6.6, 6.7, 3.1, 4.8, 4.2, 3.2,
4.2, 8.0

Class B

GROUP 3

Class C

GROUP 4 Class ©

7.9, 8.1, 8.8, 7.8, 8.2, 8.9,
7.9, 8.1, 4.2, 6.8, 6.9, 8.1,
8.9, 8.2, 7.8, 9.8, 8.0, 7.9,
2.1, 8.0

Class B © Class C ) Class D °
Shift . 8.5 Shift 8.3 Shift ‘ 8.0
Scale . 1.9 Scale & 1.9 Scale 1.0
ronge. O
L 4 1.' -
'
L]
' ©
o - o o o0 o ! < e o0 o
oo ‘e
TIL o o0e oepe o e oe .
A )
B ’
© 2 : a o oS00
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, TWGHFWFTS

G QTE.I\.INGHFWFI'S

X Waiting in Lobby. Prepare your strateqgy.

Friendhy: Earn +101f both coop. Risk -5 if betrayed.
BETRAY: Selfish. Earm +15 if other coops. Both get 0 if both betray:

TFT: Cooperates round 1, then copies opponent's previous mowve:

Set Your Strategy
L LN
COOP
L LN

COOP BETRA

P
Pﬁsonefs
Dilemma

' Host Game (Teacher)

¥ Join Game (Student)

Coop

COOoP

https://ffiyhung.github.io/

fwf-quickim2/QTN2 htrm

- ¥ £E—ROUNDBEYMOVE

P: Friendly. Earn +10 if both coop. Risk -5 if betrayed
Y: Selfish. Earn +15 if other coops. Both get 0 if both betray.

TFT: Cooperates round 1, then copies opponent’s previous move.

Set Your Strategy
E \ (=]
- i o
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v @ 'Prisoner's Dilemma Multipla. X  + Stop recording

¢ C 2 fyhung.github.io/fwft-quick/m2/QTN2.html W 5}

oom T Leaderboard 4 gemlnl

J6A29 Student E}

s
Stuger =
m«‘j-xu - 4 Devil .. 315, 1578 Canvas
= 5? - 908ee¢ AVG/BO] b/
oa Hung Stud... 252 «> | 1515 JS

g Y X I 1 AVG/BOT
Student

‘_\'tudg— it

o
react
Hung | ﬁ Hung 116.6 696
| ) | 0000O | AVG/EOT
=R firebase
B g AngelT.. 55.4 277 _
github

Student
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gy Hung ca?

-
&
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® Leaderboard

DevilT... 174.0
00000  AVG/BOT

HUNG  156.0
00000  AVG/EOT

AngelTe... 98.0
00000  AVG/EOT




£+ Simulation Settings

Avatars per Student >
® Angels (Always COOP) 30

@ Devils (Always BETRAY) 5

' 20TUIduon seLuunygs 30

Avatars per Student >
® Angels (Always COOP) 30

@ Devils (Always BETRAY) 0

30
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