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Course Structure

: OCT  OCT NOV NOV NOV NOV  DEC
Introduction to Python 19 26 9 16 23 30 7
. Python Challenge 14
Introduction to Data Science 21 11 18 25
Introduction to Machine Learning 1 22 29
.............................................. -
. Data Science & ML Challenge 7
D = Core Topics = Optional Topics
i
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[AIST
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Jupyter Notebook Setup

In a browser:
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-
Recap: Pandas & other Llbraries

Pandas is a powerful Python data analysis toolkit.

Matplotlib & Seaborn are plotting libraries.

import pandas as pd
15.0| |-
lmport numpy as np

| have added functions (plot_2d & plot_3d, etc) that will help

plottlng charts in future exercises Aist
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-
Recap: DataFrame

A DataFrame is a two-dimensional data structure with labeled

axes (rows and columns).

15.1

df
df

pd.read csv("clean train titanic.csv")
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-
Recap: DataFrame

886

887

888

889

890

Passengerld Survived Pclass

1

2

887

888

889

890

891

891 rows x 12 columns

0

1

3

1

Name

Braund, Mr. Owen Harris

Cumings, Mrs. John Bradley (Florence Briggs Th...
Heikkinen, Miss. Laina

Futrelle, Mrs. Jacques Heath (Lily May Peel)

Allen, Mr. William Henry

Montvila, Rev. Juozas

Graham, Miss. Margaret Edith

Johnston, Miss. Catherine Helen "Carrie"
Behr, Mr. Karl Howell

Dooley, Mr. Patrick

Sex

male

female

female

female

male

male

female

female

male

male

Age SibSp Parch

22.0

38.0

26.0

35.0

35.0

27.0

19.0

NaN

26.0

32.0

1

1

0

0

Ticket Fare Cabin Embarked

A/521171  7.2500  NaN

PE 17599 71.2833 85

STON/O2.3101282 7.9250 NaN

113803 53.1000 C123

373450 8.0500 NaN

211536 13.0000 NaN

112053 30.0000 B42

W./C. 6607 23.4500 NaN

111369 30.0000 (C148

370376  7.7500  NaN
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-
Recap: Exploratory Data Analysis (EDA)

Before we dive into Machine Learning: EDA!

Exploratory Data Analysis refers to the critical process of
performing initial investigations on data so as to discover

patterns,to spot anomalies,to test hypothesis and to check

assumptions.

. | . | A
Pratil, Prasad. (2018). "What is Exploratory Data Analysis?" Towards Data Science. AN
Available at: https://towardsdatascience.com/exploratory-data-analysis-8fc1cb20fd15. //\-!g.r
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-
Recap: Feature Engineering

Feature engineering or feature extraction or feature
discovery is the process of extracting features
(characteristics, properties, attributes) from raw data to

support training a downstream statistical model.

Hastie, Trevor; Tibshirani, Robert; Friedman, Jerome H. (2009).
The Elements of Statistical Learning: Data Mining, Inference, and Prediction. Springer. ISBN 978-0-387-84884-6.
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Recap: Analysing the “Embarked” Column

We can see that not all passengers have data regarding their

embarkation point:

df [pd.isna(df["Embarked"]) ®
Passengerld Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin | Embarked
61 62 1 1 Icard, Miss. Amelie female 38.0 0 0 113572 80.0 B28 NaN
829 830 1 1 Stone, Mrs. George Nelson (Martha Evelyn) female 62.0 0 0 113572 80.0 B28 NaN
*
A
JAN
[AIST
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.
Recap: Analysing the “Embarked” Column

To visualise the current value distribution:

Alberto Spina
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-
Recap: Analysing the “Age” Column

We can see that not all passengers have data on their age:

5 6
17 18
19 20
26 27
28 29

859 860
863 864
868 869
878 879
888 889
177 rows x 12 columns

0

1

Passengerld Survived Pclass

3

2

Name Sex@l Age I

Moran, Mr. James male]

Williams, Mr. Charles Eugene  mal¢]
Masselmani, Mrs. Fatima femalg)
Emir, Mr. Farred Chehab male]

O'Dwyer, Miss. Ellen "Nellie" femalg

Razi, Mr. Raihed malég]

Sage, Miss. Dorothy Edith "Dolly" femal¢]
van Melkebeke, Mr. Philemon malég]
Laleff, Mr. Kristo malég]

Johnston, Miss. Catherine Helen "Carrie" femalg

NaN

NaN

NaN

NaN

NaN

NaN

NaN

NaN

NaN

NaN

ibSp Parch
0 0
0 0
0 0
0 0
0 0
0 0
8 2
0 0
0 0
1 2

Ticket

330877

244373

2649

2631

330959

2629

CA. 2343

345777

349217

W./C. 6607

Fare

8.4583

13.0000

7.2250

7.2250

7.8792

7.2292

69.5500

9.5000

7.8958

23.4500

Cabin

NaN

NaN

NaN

NaN

Embarked
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e ————
Recap: Analysing the “Age” Column

We can actually view the
correlations across all

columns in the dataframe;

Alberto Spina Python for Data Science and ML
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Recap: Analysing the “Age” Column

Let's visualise how Pclass and
SibSp changes affect the

average Age value:

You can see the raw numbers:

Alberto Spina Python for Data Science and ML
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-
Recap: Categorization

Ticket Fare Cabin Embarked JCatSex CatEmbarked

Data Scie n Ce d OeS Passengerld Survived Pclass Name Sex Age SibSp Parch
Braund, Mr. Owen

0 1 0 3 baris male 22.000000 1 0 A/521171  7.2500 NaN S 0 0
. 3
Cumings, Mrs. John
no WO r W‘ WI 1 2 1 1 Bradley (Florence Briggs female 38.000000 1 0 PC 17599 71.2833 (5 C 1 1
I Th“‘
M 2 3 1 3 Heikkinen, Miss. Laina female 26.000000 0 0 STON/02, 7.9250 NaN S 1 0
strings
.
3 4 1 g Futrelle Mrs.Jacques o\ 35 000000 1 0 113803 53.1000 C123 s 1 0
Heath (Lily May Peel)
4 5 0 3 Allen, Mr. William Henry male 35.000000 0 0 373450 8.0500 NaN S 0 0

Cat izati is th
a eg o rl za Io n I S e 886 887 0 2 Montvila, Rev. Juozas male 27.000000 0 0 211536 13.0000 NaN S 0 0

887 288 1 1 Graham, Miss. Margaret

act of mapping

Johnston, Miss.
888 889 0 3 <
Catherine Helen "Carrie"

o °
Strl n g S to I nts/ﬂ oats 889 890 1 1 Behr, Mr. Karl Howell ~ male 26.000000 0 0 111369 30.0000 (€148 C 0 1
L]

890 891 0 3 Dooley, Mr. Patrick male 32.000000 0 0 370376  7.7500 NaN Q 0 2

female 19.000000 0 0 112053 30.0000 B42 S 1 0

female 24.912698 1 2 W./C. 6607 23.4500 NaN S 1 0

i\/‘ﬂt#fm

MST

ince 1963
INTERNATIONAL SCHOOL OF TURIN
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-
Recap: Categorization

We have too many different Ages, we map them into buckets.
We wish to have 5-year buckets, how many buckets do we

need?

array{i: ..., 8., 18;, 5, 29., 25., 38..,..35.,.40., :45.,. 5., 552, 68,
655, 70., 75., B80.1)
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-
Recap: Categorization

Let's apply our categorization to the Age column values, by

creating a new column CatAge:

P
Passengerld Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked CatSex CatEmbarked]] CatAge
0 1 0 3 Braund, Mr. 1o 22000000 1 0 A/521171 7.2500 NaN s 0 0 4
Owen Harris
Cumings, Mrs.
John Bradley
3 2 1 ; female 38.000000 1 0 PC 17599 71.2833 c8s5 & 1 1 7
(Florence Briggs
Th...
Heikkinen, Miss. STON/O2.
1 ) fi . 74
2 3 3 Laing emale 26.000000 0 0 3101282 9250 NaN S 1 0 5
Futrelle, Mrs.
3 4 1 1 Jacques Heath female 35.000000 1 0 113803 53.1000 C123 S 1 0 6
(Lily May Peel)
I 2
4 5 0 3 _ Allen, Mr.—le 35000000 0 0 373450 80500 NaN s 0 0 6
William Henry
E—
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-
Recap: Categorization

We have too many different Fares, we map them into buckets.

We wish to have 10-dollar buckets, how many buckets do we

need?

array([ ., 1., 20., 30., 40., 56., 66., 70., 806., 90., 100.,
118..,.:120..,.:130.,.:148., 158., 168., 170., 188., 190., 288., 210.,
226..,.239.,.:249. , 258., 268., 278., 288., 298.; 388., 318., 328.,
330., 3406., 350., 366., 370., 380., 390., 400., 410., 420., 430.,
440., 450., 460., 470., 480., 490., 500., 510., 520.])
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-
Recap: Categorization

Let's apply our categorization to the Fare column values, by

creating a new column CatFare:

Passengerld Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked CatSex CatEmbarked CatAge [ CatFare

Braund, A/5
0 1 0 3 Mr. Owen male 22.000000 1 0 21171 7.2500 NaN S 0 0 4 0.0
Harris

Cumings,
Mrs. john
Bradley
(Florence
Briggs
Th...

female 38.000000 1 0 PC17599 71.2833 c8s C 1 1 7 7.0

Heikkinen,
2 3 1 3 Miss. female 26.000000 0 0 ION02. 7.9250 NaN S 1 0 5 0.0
Ry 3101282

Futrelle,

Mrs.

3 4 1 1 Jacques female 35.000000 1 0 113803 53.1000 C123 S 1 0 6 5.0
Heath (Lily

May Peel)
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-
Recap: Classifiers

A classifier in machine learning is

@
an algorithm that automatically ® A
@
orders or categorizes data into @
one or more of a set of “classes.” ~ A
| X A A
A
& A
A

https://monkeylearn.com/blog/what-is-a-classifier/ 0

X
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-
Recap: ML Classifiers

We must decide on which features we consider in the

classification problem.

Then we must decide what we classify against.

Features = ['Parch', 'Pclass', 'SibSp', 'CatSex',6 'CatEmbarked', 'CatAge', 'CatFare'] .
Classes = 'Survived!' ﬁ
Ay
[AIST
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-
Recap: ML Classifiers

When we classify we split our data into training and test sets.
Why? | 15.3

Parch Pclass SibSp CatSex CatEmbarked CatAge CatFare
Parch Pclass SibSp CatSex CatEmbarked CatAge CatFare

206 0 3 1 0 0 6 1.0

794 0 3 0 0 0 4 0.0
63 2 3 3 0 0 0 2.0

212 0 3 0 0 0 4 0.0
143 0 3 0 0 2 3 0.0

480 2 3 5 0 0 1 4.0

1 X
4 0 3 0 0 0 6 0.0 e = < < g Y L
890 0 3 0 0 > 6 0.0 299 1 1 0 1 1 9 24.0
128 1 3 1 1 1 4 20 147 2 3 2 1 0 1 3.0
376 0 3 0 1 0 4 0.0 135 0 2 0 0 1 4 1.0
315 0 3 0 1 0 5 0.0 205 1 3 0 1 0 0 1.0
861 0 2 1 0 0 4 1.0 114 0 3 0 1 1 3 1.0
0 0 3 1 0 0 4 0.0 633 0 1 0 0 0 74 2.0
623 rows x 7 columns 268 rows x 7 columns
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-
Recap: Decision Tree Classifiers

It classifies data into finer and finer categories: from “tree

trunk,” to “branches,” to “leaves.”

|

| |
J iy i & d ;
Racquetball PP(':]% Tennis Cricket Baseball B\IST
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-
Recap: Decision Tree Classifiers

Feature Importances
0.40

Create and fit the classifier:
15.4 o
These are the features it
found to be most important: °> I . . B
Model score: |0.7835820895522388 g Aist
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-
Recap: Decision Tree Classifiers

So what is our model e

doing? . Y
A LI

Li IR

\ AN

0 VNVANRY I Ny ¥ |

i i A AN N/ N NANNTS

We can visualize the full A A A R AR
- AL ARARTR
decision tree! ARARN AR A
A A A
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Recap: Random Forest

A Random Forest is like a group decision-making team in
machine learning. It combines the opinions of many “trees”

(individual models) to make better predictions, creating a

more robust and accurate overall model.

Alberto Spina Python for Data Science and ML School Year 2023-2024 25



]
Random Forest

Feature Importances

Create and fit the classifier:

1 5.5 0.25

These are the features it
found to be most important: . I . . .

Model score: |0.8059701492537313 © ; /B\IST
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-
Recap: Support Vector Machines

SVM algorithms classify data fest hyperplans
and train models within super
finite degrees of polarity,

creating a 3-dimensional -
classification model that goes

beyond just X/Y predictive

axes. h
: X
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-
Support Vector Machines

Feature Importance (Permutation)

Create and fit the classifier: < [T
15.6 o -
SibSp -

These are the features it wis [

found to be most important: o |

CatEmbarked |

0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200
Permutation Importance

Model score: | 0.8059701492537313 AlsT

since 1963
INTERIIATIONAL SCHOOL
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-
Recap: K-Nearest Neighbors

K-nearest neighbors (k-NN) is a pattern recognition algorithm
that stores and learns from training data points by

calculating how they correspond to other data in

n-dimensional space. K-NN aims to find the k closest related

data points in future, unseen data.
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Recap: K-Nearest Neighbors

Input data Nearest Neighbors Linear SVM
.o
® o
° ‘“}’.
° :‘.o. 3 o. ' :
) .." ®
o_®0g o %%
°® 0'\0‘ e®
°
® .: ; )
o

Nearest Neighbors

Linear SVM

Alberto Spina
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-
K-Nearest Neighbors

Create and fit the classifier:

15.7

These are the features it Catembarked

found to be most important:

Model score:

Alberto Spina

CatSex
CatAge
SibSp

CatFare

Parch

Pclass .

0.7350746268656716

Python for Data Science and ML

Feature Importance (Permutation)

0.02

0.04 0.06 0.08 0.10
Permutation Importance
’B\IST
/ since%SG‘; )
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]
Boosted Trees

Random forests also have drawbacks. They can't deal with
mistakes (if any) created by their individual decision trees.
Boosting is a method of combining many weak learners (trees)

into a strong classifier.
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Boosted Trees

Create and fit the classifier:

15.8

Let's visualise the learnt tree;

Try plotting different trees!

15.8.1

¥

plot tree(xgb clf, num trees=0, rankdir='LR'")

Model score: | 0.8059701492537313

Alberto Spina Python for Data Science and ML
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]
Boosted Trees
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-
Deep Learning

Deep Learning is a type of machine learning based on
artificial neural networks in which multiple layers of

processing are used to extract progressively higher level

features from data.

Alberto Spina Python for Data Science and ML School Year 2023-2024 35



]
Dense Neural Networks

A neural network consists of
layers of nodes, or artificial R L
neurons—an input layer, one
or more hidden layers, and an
output layer. Each node

connects to others, and has

weights and a threshold.

A Simple Neural Network

Hidden Layer Output Layer

Alberto Spina Python for Data Science and ML
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]
Dense Neural Networks

Let's create categorical outputs for our neural network:

15.9
array(l[1l:., 8.1,
1. 8L1,
[ L. ;: 8.7,
[8: ; 1:1;
- ) .
[1., 0.]], dtype=float32) ﬁ
[AIST
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]
Dense Neural Networks

Let's create a simple network:

We can visualise it:

15.10.1

Alberto Spina

1)

mode 1l
15.10 Dense (2, activation='softmax"')

= Sequential ([

dense 18 input

input:

[(None

, 1]

InputLayer

output:

[(None, 7)]

'

dense 18

input:

(None, 7)

Dense output:

(None, 2)

Python for Data Science and ML
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]
Dense Neural Networks

Weights Visualization

What is the neural network

-1.0

Pclass

doing?

SibSp

Input Features

CatAge CatEmbarked CatSex

We can plot the weights of

the network:

15.10.2

CatFare

0 1
Output Neurons
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]
Dense Neural Networks

Let's add a hidden layer by modifying 15.10:

model = Sequential ([

» Dense (8, activation='softmax'),

Dense (2, activation='softmax"')

1)

We can visualise it; | 15.10.1

Explore changing the hidden layer size. What works best? LAIST
Python for Data Science and ML School Year 2023-2024 46J



]
Convolutional Neural Networks

A Convolutional Neural Network, also known as CNN or

ConvNet, is a class of neural networks that specializes in

processing data that has
a grid-like topology,

such as an image.

Alberto Spina Python for Data Science and ML

Input Size:

f:——]

Padding:

Kernel Size:

]

Stride:

Input (3, 3) Output (2, 2)

& Hover over the matrices to change kernel position.
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]
Convolutional Neural Networks

Let's create a simple network: 15.11

model = Sequential ([
Conv2D (32, kernel size=(2, 2)),
Flatten (),
Dense (2, activation='softmax')

1)

We can visualise it: 15.11.1
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]
Convolutional Neural Networks

conv2d 1 input

input: | [(None, 3, 3, 1)]

InputLayer

output: | [(None, 3, 3, 1)]

'

convZd 1

input: (None, 3, 3, 1)

Conv2D | output: | (None, 2, 2, 32)

'

flatten 1 | input: | (None, 2, 2, 32)

Flatten | output: (None, 128)

l

dense 28

input: | (None, 128)

Dense

output: | (None, 2)

Alberto Spina Python for Data Science and ML
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]
Convolutional Neural Networks

Let's additional layers by modifying 15.11:

—P

1)

model = Sequential ([

Conv2D (32, kernel size=(2, 2)),
Flatten (),
Dense (8, activation='softmax')

14
Dense (2, activation='softmax'),

We can visualise it; | 15.11.1

Explore changing the hidden layers. What works best?
Python for Data Science and ML
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More Features

| curated an additional dataset with

more features: | 15.12

| added features such as:

e Family
e Deck
o Title

Alberto Spina
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]
More Features

Change the Features list in this cell:

15.12.1

Features = ['Parch', 'Pclass', 'SibSp', 'CatSex', 'CatEmbarked', 'CatAge', 'CatFare']

And rerun the models we have seen in this course.

1) Which features perform best?

2) Do you need all features?
Python for Data Science and ML
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End of Class

See you all next week!
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