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Tutorial

If you struggle with coding, attend a tutorial

Course code walkthroughs and Q&A on existing material

17:00-18:30 - Hosts: Neel & Jack

Date Venue
Friday, 9 October A2051 &2
Tuesday, 13 October A2051 &2

These replace the tutorials on Wednesday, 7 October and Wednesday, 14 October
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Notes Allowed

Calculators

Question Format

Mock Exam Paper

Exam

Saturday, 17 October - 18:30-20:30

Cyberport 4, EFG

Two A4 sheets
Printed or handwritten notes on both sides

Not permitted

Question types include MCQs
Coding: change parameters in existing
code

No writing code from scratch

Released Saturday, 10 October
Similar format and difficulty to the exam
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Assignment 2

Released: Can We Trust This Model?
Due Tuesday, 13 October
Individual Work - 10% of the Course

Submit only a2. ipynb on Moodle
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Group Project

Submit by Wednesday, 14 October
Exhibition on Friday, 16 October

20% of the Course - One Submission per Group on Moodle

Project Docker project + notebook or report
Poster Al-size poster PDF
Each Member Contribution and Al-use statement



Poster Exhibition and Peer Reviews

Friday, 16 October - CP-LT104, Cyberport 4

Session Round I Round II
1 14:00—15:00 15:30—-16:30
2 18:30—19:30 20:00—-21:00

Attend your assigned session
Present 1n one round; review 1n the other

Follow your named allocation in the project brief

Explore both sessions and learn from all projects
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A Problem and Solution Worth Sharing

Choose an interesting problem that matters

New to the Class Familiar Method

Explain how it works Provide new insights

Both are welcome

Teach through an example or demo

What will your classmates learn?
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Your Project in Two Sentences

Summarise your current project in two sentences

Problem Solution
We aim to address [problem] We propose to use
because [why 1t matters [method or approach]
and to whom] to [how it addresses the problem]

Use these as prompts; you can phrase your sentences differently

One submission per group on Ed
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What Will Your Classmates Learn?

What is one specific thing your classmates
should learn from your project?

Which example, result or demo
will help them understand 1t?

One submission per group on Ed
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Why Communication Matters

Patrick Henry Winston - MIT - How to Speak - Opening excerpt

Help others understand and value your ideas.

10


https://www.youtube.com/watch?v=Unzc731iCUY&t=19

Why a Poster?

o< . 3o
() an

Explain the Main Idea Show Respond to Questions

the Evidence

Help Classmates Learn From Your Work
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Make Your Poster Clear

Project Title
Group ID - Names

Main Takeaway

Problem and User

How the Method Works

Key Evidence
[ ]

Business Meaning
and Limitations
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One A1l Page - Portrait
594 mm wide X 841 mm tall

Make One Takeaway Prominent

What should the visitor remember?

Let Figures Explain the Work

A worked example and a clear comparison

Use Short Text and Readable Labels

Guide the reader from problem to conclusion

12
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MIRACINAE

Miicinpe s small subfamily of bracond WP,

charactenised by their 14.segmented antermae,

& datinctive ¥ shapod structuse on  the

absdorman, and redeced wing veraton. They am

parssitoich of the beaf-mining larvee of small

moths, and ace known to infect their host

with symibeodic polydnavinuses when
the female lays har eggs, acting 1o

CONCLUSIONS

* The numnber of distinet specimens i a limiled sample
suggests that Australia may have many endemic

spocies of Meacinae

* Morphological  differences  betweon  delimited
species were difficult o charactorise, and somo

spacies may be marphalogically cryptic

= DiNA petrpcton was unsuccesshul for oldor saemples.
callected in 2005, 5o specimen age may be a

limiting factor for DNA sequencing

WHY STUDY THEM?

Ressarch on Miracirae is curnently vary Emised,
and to dawe, no work has bean done on these
wasps in Australia. Descibing ard  shudying
bigdiversity is important for a variety of reasons,
from comseralion to hurman health. Research
o parasitoid wasps may be particularky

imgortant, #s they can be used as
bioconteol agonts AgENET SOMO Pt
caterpallars, reducing cur reliance
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FLEXIBLE FORAGING BEHAVIOUR
IN WILD ZEBRA FINCHES AND
ITS RELATION WITH TEMPERATURE

CATERINA FUNGHI, LUKE MCCOWAN, WIEBKE SCHUETT AND SIMON GRIFFITH
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« Inextremo and unpradictable enviranmeont these

IHTHI.'II]IJ_I:T_I‘Q!J__ _

Nuctuation are mone proncunced

ig IS INDIVIDUAL FORAGING BEHAVIOUR

— ' CONSISTENTIN WILDZEBRA FINCHES ?

o

@3

£l | HOW DO THE ENVIRONMENTAL CONDITIONS

= (TEMPERATURE) INFLUENCE FORAGING BEHAVIOUR ?
- 58 PEECHENS EANCSOMAT LTATED (LE. § TRALLY L ARAL SIS O AR Y LU LY ey
= - PRSI RO [
E o Of FRADuLTL - ol o Bl

. DL e |
= bty
= -
e
=
T : HICH P rnpingy
ﬂ . - vt gt lpeder
=T . . AyiaeCe B b
— el v b
% e
[ L e AR B L )
=t - [EEPTTF WIS W J—
-_

I AT ELME LNVERCMM LN T FORALING CHAMLED ENVIRSHMANT LLO T FULEBLL
BUHAVTOUR WA BHFLUERCLD BT TEMPURATUME PRSI BEHATFOR » GRFGETUmISA T
T ——— s s gy w11

ESUTSAODSCUSSON

Slide 18 - Stage 1/1



Slide 19 - Stage 1/1

Check Your Poster

Format Readability
One Al-size page, portrait Clear main message in 10 seconds
Group ID and all members' names Readable from 1-2 metres away

Ask a classmate to explain your main message

Revise what they cannot understand

19
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Three Ways to Learn

What information guides the learning?

Supervised
Learning

Examples + Target Answers
Predict Target Answers

Slide 21 - Stage 1/1

Unsupervised
Learning

Examples Without Target Answers
Discover Structure

Reinforcement
Learning

Actions + Reward Feedback
Learn a Policy

21



Wholesale Customers

440 Customers - 6 Spending Categories

A Wholesale Distributor
Sells products to hotels, restaurants, cafés and retailers
P What Is Measured?
l Annual spending across six product categories
No Labels

440 Business Customers

One row records one customer's annual purchases

Spending amounts, not quantities * m.u. = monetary units - UCI Wholesale Customers

Slide 22 - Stage 1/1
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Customer

AN W AW N

Rows 1-6 of 440
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Explore the Customer Dataset

Annual Spending (m.u.) - Select a Row - Click a Heading to Sort

Fresh |

12,669
7,057
6,353

13,265

22,615
9,413

Milk ]

9,656
9,810
8,808
1,196
5,410
8,259

Grocery ]

7,561
9,568
7,684
4,221
7,198
5,126

Next» Reset

Frozen ]

214
1,762
2,405
6,404
3,915

666

Paper /
Cleaning

2,674
3,293
3,516

507
1,777
1,795

Delicatessen ]

1,338
1,776
7,844
1,788
5,185
1,451

View Customer Profile

440 wholesale customers - m.u. = monetary units - UCI / Cardoso (2013) - CC BY 4.0
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Clustering Customers

Could we organize 440 customers by what they buy?

Customer 5 Customer 10 Customer 90 Customer 408
Fresh I | I |
Milk ] ] ] ]
Grocery I I I ]
Frozen I [ I ]
Paper/ Cleaning M I— I I
Delicatessen ] [] ] |

Which Customers Would You Put Together?

4 selected real customers - All bars use the same 0-25,000 m.u. scale - Annual spending

Slide 24 - Stage 1/2 24



Clustering Customers

Could we organize 440 customers by what they buy?

Customer 5 Customer 10 Customer 90 Customer 408
Fresh I I |
Milk ] ] ] ]
Grocery I ] I ]
Frozen I [ I L
Paper/ Cleaning M I I I
Delicatessen I ] ] I

Similar Within Each Group - Different Across Groups

4 selected real customers - All bars use the same 0-25,000 m.u. scale - Annual spending
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Visualizing Customer Similarity

Each Dot Represents One Customer

2D: Two Features

Which Customers Look Similar?

Frozen Spending

Milk Spending

First 12 real customers * Annual spending (m.u.)

Slide 25 - Stage 1/4
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Visualizing Customer Similarity

Each Dot Represents One Customer

=1)]
=
._g
3 2D: Two Features
W
5 Nearby points have similar spending on the
N
< features shown
= =

P2

1

O

Milk Spending

Customers 1 & 2 Customers 5 & 10

First 12 real customers * Annual spending (m.u.)
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Frozen

Slide 25 - Stage 3/4

Visualizing Customer Similarity

Each Dot Represents One Customer

slilk

Grocery

Customers 1 & 2

Customers 5 & 10

3D: Three Features
Add Grocery Spending

First 12 real customers * Annual spending (m.u.)

25



Frozen

Slide 25 - Stage 4/4

Visualizing Customer Similarity

Each Dot Represents One Customer

slilk

Grocery

Customers 1 & 2

Customers 5 & 10

6D: Six Features

Compare all six spending categories

First 12 real customers * Annual spending (m.u.)

25



Applications of Clustering

What could we group, and why would it help?

7k
f:? -
g
£ ®
3 o Customer Purchases
5 3.5k
o,
°g » Which customers buy similarly?
N O O
S ® o
2
o0 ®
0 @
0 6k 12k
Milk Spending (m.u.)
Customers  Complaints  Stores Reveal Groups
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First 12 real customers * Milk / Frozen - Grouping uses scaled features




Evaluating Clusters

Which Grouping Makes More Sense?

Tk 4
,;:, ®
= 5.6k
E ol
g 42k o Compare the Four Groupings
L
=
“g 2.8k 3 ° 3 9 Which would you trust, and why?
4 12 ® ® 10
S1ak | e p .
2 79 o 1
0 °e *
0 2.4k 4.8k 7.2k 9.6k 12k

Milk Spending (m.u.)

Grouping A Grouping B Grouping C Grouping D

Same 12 customers - Three groups of the same sizes -+ Only membership changes
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Evaluating Clusters

Which Grouping Makes More Sense?

Similar within groups, different between

Test Business Usefulness

7k 4
,;, ®
£ 5.6k :
e U Check Separation
5 4.2k p
5
2.8k 3 groups
3 12 8 .
S14k | e ° P 10
(A 79 P 1
0 °e o
0 2.4k 4.8k 9.6k 12k
Milk Spending (m.u.)
Grouping A Grouping B Grouping C Grouping D

Same 12 customers - Three groups of the same sizes -+ Only membership changes

Slide 27 - Stage 2/2
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Number of Groups

How Many Groups Would Be Useful?

7k 4
,;, o
£ 5.6k
: 4
g 42k o More Groups Give Finer Detail
5%2 8k 3
o 2 ) ) When would that extra detail be useful?
2 12 o ° 10
o 1.4k » 6 e
(S 7 0 P 1
0 °e o
0 2.4k 4.8k 7.2k 9.6k 12k
Milk Spending (m.u.)

2 Groups 3 Groups 4 Groups

Same 12 customers - Milk / Frozen - More groups are not automatically better
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Similarity and Feature Scaling

Which Customer Is Most Similar to A?

B
4k - °
3k
=
E 2k-
e
S
2 k- c,
XA
0 4
2k 4k 6k 8k 10k
Milk (m.u.)

Slide 29 - Stage 1/3

Scaling: All 440 Customers * Three Shown: A=9,B=5,C=6
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Similarity and Feature Scaling

Which Customer Is Most Similar to A?

4k - PY
3k
=
E k-
= Nearest: B
N
S 1k - C
P O
0 - A
2%k 4k 6k 8k 10k
Milk (m.u.)
Original Units Comparable Scales

Scaling: All 440 Customers * Three Shown: A=9,B=5,C=6

Slide 29 - Stage 2/3



Similarity and Feature Scaling

Which Customer Is Most Similar to A?

Slide 29 - Stage 3/3

B
° Standardize Each Feature
= 01
ks’ Subtract Its Mean
% Divide by Its Standard Deviation
E’ Mean =0
E 05 C o Standard Deviation = 1
XA
| | | Nearest: C
-0.5 0 0.5
Milk (Scaled)
Original Units Comparable Scales

Scaling: All 440 Customers * Three Shown: A=9,B=5,C=6

29



Clustering Methods

Different Ways to Form Groups

K-Means Hierarchical DBSCAN
sy
Groups Around Centres Nested Groups Dense Regions

Illustrative diagrams - Different methods use different ideas of a group

Slide 30 - Stage 1/2 30



Clustering Methods

Different Ways to Form Groups

K-Means Hierarchical DBSCAN
..X.' ox'. ... 0% %e, ..'

-x' H_l f _l F —l et

Groups Around Centres Nested Groups Dense Regions

We’ll Explore K-Means

[llustrative diagrams - Different methods use different ideas of a group

Slide 30 - Stage 2/2 30
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Feature 2

K-Means Clustering

How Would You Group These Points?

0
0

Slide 31 - Stage 1/1

200 400 600 800 1000

Feature 1

1. Scale the Features

2. Choose k

3. Pick Random Starting Centres
4. Assign to the Nearest Centre

5. Calculate Each Group’s Mean

Repeat Steps 4 and 5 Until Nothing Changes

Set 1

Set 2

Set 3 Set 4 Reset Example

Scale Features

31
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Feature 2

Slide 32 - Stage 1/1

0
0

Choosing Starting Centres

How Would You Group These Points?

1. Scale the Features

2. Choose k

3. Click to Place 2 Centres

4. Assign to the Nearest Centre

5. Calculate Each Group’s Mean

Repeat Steps 4 and 5 Until Nothing Changes

B
¢ C
A o
o
200 400 600 800 1000
Feature 1
Set 1

Set 2

Set 3 Set 4 Reset Example

Scale Features

32



Calculating New Centres

What Is the Mean of the Three Blue Points?

F
10 ®
; OD OE
™ X
E 6
S
Ly 4 B
® C
2 XA ®
o
0

0 2 4 6 8 10
Feature 1

Show New Centres

Slide 33 - Stage 1/1

Look at A, B and C

A: (1, 1)
B: (1, 3)
C: (4,2)

What Are the Mean x and y?



Task: Starting Centres

Can Different Starting Centres Lead to Different Final Groups?

Same Data - Same k=2

N L]
2 ¢ ¢ Submit
3 Yes or No
® ®
@ @
Feature 1
Explore After Voting

Slide 34 - Stage 1/1 34



Customer Groups 1n 3D

12 Selected Customers - Three Spending Features - k =3

Frozen
o .
¢ Same Algorithm - Three Features
Find Each Customer’s Nearest Centre Assign Points
® Distances Use All Three Features
© / X Rotate the View to Inspect the Groups
r O Grocery
@
Paper / Cleaning
Rotate View =@ Restart

35
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K-Means Notebook Task

Which Measurements Help Us Find Groups?

Predict, Then Try Explain Your Result

Petals or Sepals? Which Groups Look More Separated?
Keep k =3 - Change the Feature Pair

maib7002.dirk.hk/L6.zip

Slide 36 - Stage 1/1
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S1x Measurements, One View

12 Customers - Each Dot Is One Customer

Six Features per Customer

6k o
~ Fresh Milk
=
E 45k o Grocery Frozen
=10
= : :
-E " ° Paper / Cleaning Delicatessen
P
O o Can We Summarize 6D in 2D?
Eg- L5k Di ionality Reducti
8 ® 1mensionality Reduction
6D — 2D
0 leo Qe o ~
0 4k 8k 12k 16k
Grocery Spending (m.u.)
Grocery + Paper / Cleaning Grocery + Frozen Milk + Grocery
Fresh + Frozen Milk + Delicatessen Fresh + Grocery

Slide 37 - Stage 1/1
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Related Measurements

A Simpler Example: 2D — 1D

Paper / Cleaning (Scaled)

Grey: Original Customers

Pz Can One Number Summarize
o5 ® Grocery (Scaled)

/ These Two Measurements?

Rotate Line

o: Show Projections Show 1D Reset

Slide 38 - Stage 1/1
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Principal Component Analysis

How Do We Choose the Best Direction?

Paper / Cleaning (Scaled)

o Which Direction Keeps
o the Most Spread?
o . . Spread Preserved: 50.0%
(.g’ ‘: Grocery (Scaled) 1

Retained Discarded

Variance Measures How
Spread Out the Points Are

Rotate Line @

Find Best Direction Reset

39



From Three Measurements to Two

3D — 2D - 12 Customers - Scaled Features

Customers and Plane in 3D
Frozen

——r

o |
|
o  Grocery

I’ o & o |
oo
Paper / Cleaning

Drag to Rotate the View  Scroll to Zoom

Tilt Plane =9

View on the Plane

Coordinate 2

Coordinate 1

Spread Preserved: 82.4%

Two Coordinates per Customer

Turn Plane ————9-

Hide Projections

Find Best Plane Reset

Slide 40 - Stage 1/1
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Which Dimensions Do We Keep?

Keep the Directions with the Most Variation

New Coordinate Directions

Drag to Rotate the View  Scroll to Zoom

Reveal PC3

Variation in Each Component

PC1 66.2%
—

PC2 32.9%
I —

Components Are New Coordinates

Reset

41



50%
40%
30%
20%
10%

0%

How Many Components Should We Keep?

44.1%

PCl1

Slide 42 - Stage 1/1

28.4%

440 Customers - Six Scaled Spending Features

0
12.3% 9.4%

4.8%

1.0%

PC2

PC3 PC4 PC5

PC6

Variation Preserved

72.5%

2 of 6 Components Kept

Is Two Enough?

Two Coordinates Make a 2D Plot
More Components Preserve More Detail

Components to Keep | 1

42
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What Does Another Component Add?

440 Customers - The Same PCA, More Coordinates

Variation Preserved

44.1%

PN PC1 PCI1

38 These Customers
Overlap 1in 1D

e Customer 82
® Customer 88

1D: PC1 2D: Add PC2 3D: Add PC3 Reset
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Seeing the Customer Groups

Six Scaled Features - PCA Positions - K-Means Groups

440 of 440 Customers Visible

5 Position: PCA

10
O
g Can We See the

0 Customer Groups?
Click a Customer to Explore
-5 Their Spending
-3 1.3 5.5 9.8 14

PCl1

Show K-Means Groups Zoom to Centre Reset
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Try One Coordinate
Grocery + Paper/Cleaning

PCA Notebook Task

When Is One Coordinate Enough?

Explain Your Result

Which Pair Loses Less Detail?

Replace Paper/Cleaning with Frozen

Slide 45 - Stage 1/1

maib7002.dirk.hk/L6.zip
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Clustering and PCA

Group Customers with
Similar Buying Patterns

K-Means PCA

Choose a Method
| 2 3 4
5 6 10 11
24 48 57 62

Customer IDs - k=3
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Reset

Summarize Six Spending Features
in Two Coordinates

K-Means PCA

Choose a Method
6D — 2D
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L-6

Unsupervised Learning
and Reinforcement Learning I

MAIB7002
Fundamentals of AI Models and Technologies

e
‘% HKU BUSINESS SCHOOL
: , BARTRER
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https://www.hkubs.hku.hk/

Three Ways to Learn

Now: Learning from Actions and Rewards

Supervised
Learning

Examples + Target Answers
Predict Target Answers

Slide 48 - Stage 1/1

Unsupervised
Learning

Examples Without Target Answers
Discover Structure

Reinforcement
Learning

Actions + Reward Feedback
Learn Which Actions to Take
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Learning Through Rewards

W

S
Crawler > | \ WASD - Move

=100 0 100 200

(o]

Ready: 0 training actions
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The Two-Armed Bandit

Which Machine Would You Choose?

Play Blue

Plays: 0 - Total: $0
Average per Play: —
What Can We Learn by Playing?

Choose a Machine

Slide 50 - Stage 1/1

Play Red

Plays: 0 - Total: $0
Average per Play: —
What Can We Learn by Playing?

Reveal Chances

New Round
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Exploration and Exploitation
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Exploration and Exploitation in Practice

What Would You Explore, and What Would You Exploit?

Explore Exploit
Restaurants ? ?
Online Advertising ? ?
Qil Drilling ? ?

Learn About Alternatives or Use What Works Best So Far?

Reveal All
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Learning Which Advert to Show

The Learner Chooses Which Advert to Show

Customer Visits: 0

Grocery Advert Frozen-Food Advert
0 Purchases / 0 Times Shown 0 Purchases / 0 Times Shown
Observed Purchase Rate: — Observed Purchase Rate: —

Next Customer — Learner Chooses an Advert

Purchase = Reward 1 - No Purchase = Reward 0

Learn Which Advert Earns More Reward
Keep Exploring While Using What We Have Learned

Next Customer Reset | Simulated Responses
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Exit Ticket
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Exit Ticket

No Exit Ticket (&
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