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Announcements

• IMPORTANT: All assignments/projects will 
need to be in Python.

• Tutorial on Python, Pandas, Jupyter notebook, 
Plotting tools. Bring your laptops.

• Ask questions.



Lecture Outline

• ML Workflow

• Data Representations

• Basic Data Transformations

• Data Visualization



Algorithmic methods that use data to improve their knowledge of a task

Machine Learning

Task: Detect spam email Data: Labelled emails 
(in inboxes of other 
users as well !)

Knowledge:

Algorithmic method: Decision Tree

Improve → 85% reduction of spam 
emails in Inbox over 3 months



Workflow of a Machine Learning Problem

- Detect spam email
- Predict value of a stock
- Predict effect of advertising on sales
- Drive car ‘safely’ without human intervention
- Translate text from one language to another
- Sentiment Analysis
- …



Workflow of a Machine Learning Problem



No Data, no ML !



Sources of data

- Detect spam email



Sources of data

- Predict value of a stock



Sources of data

- Predict effect of advertising on sales

Raw Data may not 
always be digital in 

nature !



Sources of data
- Drive car safely without human intervention

Data can be multi-modal and may 
need to be ‘synchronized’



Sources of data
- Translate text from one language to another

A human domain expert 
may be required to obtain 

raw data



Two fundamental questions

• What data to collect ?

• How to collect ?



Raw data
• May be too little in quantity



Raw data
• May be too much in quantity

– Limitations on system end (compute, storage)



Raw data
• Not all of it relevant



Raw data

• Often not directly usable
– Filter (needed data)
– Transform (to numerical data)



Two fundamental questions

• What data to collect ?

• How (much) to collect ?



The Research Method

http://labs.geog.uvic.ca/geog226/frLab3.html

http://labs.geog.uvic.ca/geog226/frLab3.html


The Research Method



The Research Method



Are our samples ‘nice’ ?



Sampling Techniques

https://research-methodology.net/sampling-in-primary-data-collection/

https://research-methodology.net/sampling-in-primary-data-collection/


Workflow of a Machine Learning Problem



Taxonomy of data variables

Attributes, LabelsCounts, Measurements

VARIABLEVALUE

Data Information



Taxonomy of data

Attributes, Labels

Preference



Taxonomy of data

Attributes, Labels

Color Make
Pin Code



Attributes, Labels



Taxonomy of data

Attributes, LabelsCounts, Measurements



Taxonomy of data

Counts, Measurements

- # of CPU cores
- # of courses taken in a semester
- # of times word ‘sale’ appears in a doc



Taxonomy of data

Counts, Measurements



Samples and Features

Sample

Feature / Attribute



Ultimately, all data needs to be quantitative



Taxonomy of data: Qualitative → Quantitative

Attributes, Labels

Preference

0/1 ; -1/1

Many mathematical operations 
(/,*,-) are (usually) meaningless



Attributes, Labels

Color Make
Pin Code

0 1 2

0

Taxonomy of data: Qualitative → Quantitative

Many mathematical operations 
(/,*,-) are (usually) meaningless



Numerical encoding of categorical variables



Numerical encoding of categorical variables



Numerical encoding of categorical variables



Attributes, Labels

1 2 3 4 5

-2 +1

Many mathematical operations 
(/,*,-) are (usually) meaningless



Example: Contact Lenses dataset
No patient id

Age is not a 
number !



Example: PlayTennis dataset



Sometimes data can be missing

→ Unknown or unrecorded



… or incorrect



Data imputation
• Approaches that aim to estimate missing data
• Options

– Remove sample
– Fill with 0
– Fill with constant
– Fill with a statistical measure (mean, median, mode)
– Do nothing. Use a learning method which can handle 

missing data. 



Lecture Outline

• ML Workflow

• Data sample Representations 

• Basic Data Transformations

• Data Visualization



Samples, Features, Labels

Sample

Feature / AttributeLabel



Data Sample Representations

2-d image



Data Representations











Feature-based, Hierarchical Data Representations



Data – a probability-based perspective

• The basis for Statistical Learning Theory

– Domain described by random variables (r.v.)
• X = {apple, grape}

• 𝑏𝑖 ∈ 1,5

– Data = Instantiation of some or all r.v.’s in the domain



Data: a probabilistic perspective



Other important aspects of data

• Mode of collection
– Passive (‘sense’)

– Active (‘explore, sense, repeat’)

• Statistical assumptions on data
– i.i.d (independent and identically distributed)

– Online (e.g. time-series data)



Lecture Outline

• ML Workflow

• Data Representations 

• Basic Data Transformations

• Data Visualization



Quantization
1. Continuous → Discrete (‘Rounding off’)

2. Binary Quantization (‘Thresholding’)



Data Normalization

https://sebastianraschka.com/Articles/2014_about_feature_scaling.html

https://sebastianraschka.com/Articles/2014_about_feature_scaling.html


Popular normalization approaches

MinMax Scaling

Standardization
(Unit Normal Scaling)



Data Normalization (applied to each feature)

https://sebastianraschka.com/Articles/2014_about_feature_scaling.html

https://sebastianraschka.com/Articles/2014_about_feature_scaling.html
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Before standardization After standardization

https://sebastianraschka.com/Articles/2014_about_feature_scaling.html

https://sebastianraschka.com/Articles/2014_about_feature_scaling.html


Workflow of a Machine Learning Problem

Later lectures …



Lecture Outline

• ML Workflow

• Data Representations 

• Basic Data Transformations

• Data Visualization



Gazing at Data: Data visualization







Data visualization







Resources

• https://towardsdatascience.com/5-quick-and-easy-data-
visualizations-in-python-with-code-a2284bae952f

https://twitter.com/storyby
data/status/116633764834
1991424

https://towardsdatascience.com/5-quick-and-easy-data-visualizations-in-python-with-code-a2284bae952f
https://twitter.com/storybydata/status/1166337648341991424

