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1. DATA SCIENCE AND  M ACHINE 

LEARNING  

 

Figure 1.1 - Data Science, Machine Learning and AI 
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Figure 1.2 - Data ScientistɀÚɯÚÒÐÓÓÚ 
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Figure 1.3 - The process of a data science project 
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Figure 1.4 - The steps of the CRISP-DM model 

 

 

Figure 1.5 - A Business Intelligence system 
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Figure 1.6 ɬ The evolution of Big Data 

 

 

Figure 1.7 ɬ Classic programming vs Machine Learning 
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Figure 1.8 ɬ Artif icial Intelligence, Machine Learning e Deep Learning 

 

 

Figure 1.9 ɬ A Machine Learning project 
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Figure 1.10 ɬ Classifiers with underfitting and with overfitting 

 

 

 

Figure 1.11 - Regressors with underfitting, overfitting and balanced 
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2. R FOR DATA SCIENCE 

 

Figure 2.1 - R Studio 

 

 

Figure 2.2 ɬ Installing the tidyverse package 
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Figure 2.3 - if-else flow diagram 
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Figure 2.4 ɬ for flow diagram 
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Figure 2.5 ɬ The while flow diagram 
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Figure 2.6 - A chart generated with the plot function 

 

 

 

Figure 2.7 - Our new chart 
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Figure 2.8 - The chart with titles and box 

 

 

Figure 2.9 - Our final chart 
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Figure 2.10 - Plot iris data with the qplot() function 

 

 

Figure 2.11 - Data grouped by color 
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Figure 2.12 - qplot with one variable 

 

 

Figure 2.13 - Chart of a variable with geom = density 
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Figure 2.14 - Scatterplot of two variables 

 

 

Figure 2.15 - Adding a regression line 
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Figure 2.16 - Possible shapes of the points in R 

 

 

Figure 2.17 ɬ Point shapes by class 
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Figure 2.18 ɬ Classes by color 

 

 

Figure 2.19 ɬ Chart divided by rows 
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Figure 2.20 ɬ Chart divided by columns 

 

 

Figure 2.21 - The color parameters 
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Figure 2.22 ɬ The fill parameter 

 

 

Figure 2.23 - Boxplot of Petal.Width 
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Figure 2.24 - Boxplot of Petal.Width with inverted axes  

 

 

Figure 2.25 ɬ Polar coordinates 
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Figure 2.26 - A data file with comma separated fields 
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3. M AT HEMATIC S AND ALGEBRA  

 

 

Figure 3.1 - Matrix representation of the image 

 

 

Figure 3.2 - Vector representation 
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Figure 3.3 - SVD 

 

 

Figure 3.4 ɬ A generic function 
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4. DESCRIPTIVE STATISTICS  

 

 

Figure 4.1 ɬ Mean and median 

 

 

Figure 4.2 ɬ Mean example 

Family Revenue

Family 1 32.000

Family 2 43.000

Family 3 28.000

Family 4 29.500

Family 5 34.000

Family 6 42.000

Family 7 47.000

Family 8 -

Mean 36.500



 

27 

 

 

 

Figure 4.3 ɬ Mean Example 

 

 

Figure 4.4 - Chart and median 

Family Revenue

Family 1 32.000

Family 2 43.000

Family 3 28.000

Family 4 29.500

Family 5 34.000

Family 6 42.000

Family 7 47.000

Family 8 1.300.000

Mean 194.438
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Figure 4.5 - Three samples with the same mean 

 

 

 

Figure 4.6 - Skewness 

 

 

Figure 4.7 ɬ Kurtosis 

Obs.

Sample A 

children

Sample B 

children

Sample C 

children

1 2 1 1

2 2 2 5

3 2 3 2

4 2 3 2

5 2 2 0

6 2 1 1

7 2 2 3

Mean 2 2 2

Std. Dev. 0 0,76 1,51

Variance 0 0,57 2,29
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Figure 4.8 ɬ Histogram for our variable 

 

 

Figure 4.9 ɬ elecsales dataset 
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Figure 4.10 - Plot of the 5-MA  

 

 

Figure 4.11 ɬ Moving average for different m 

In  
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Figure 4.12 - 2x4MA 

 

 

Figure 4.13 - Boxplot 
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Figure 4.14 - A boxplot 

 

 

Figure 4.15 ɬ Pie chart of a discrete variable 
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Figure 4.16 - Barplot 

 

 

Figure 4.17 ɬ Ozone variable boxplot 
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Figure 4.18 - Boxplot of Temp by month 

 

 

Figure 4.19 ɬ Contingency table 

 

 

 

Figure 4.20 ɬ Scatter plot examples 
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Figure 4.21 - Scatterplot of mpg e wt 

 

 

Figure 4.22 - Q-Q chart of wt 
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Figure 4.23 - Q-Q chart of mpg 
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Figure 4.24 ɬ Correlation Chart 
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Figure 4.25 ɬ Correlation values 
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Figure 4.26 ɬ Data generated by simulation 

 

 

Figure 4.27 ɬ Regression line 
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Figure 4.28 ɬ Divide by Group 

 

 

Figure 4.29 ɬ Regression Line 
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Figure 4.30 ɬ Correlations between groups 
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5.  PROBABILITY  

 

 

Figure 5.1 ɬ Union and intersection 

 

 

Figure 5.2 ɬ Disjoint events and complementary events 
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Figure 5.3 ɬ The Goals variable 

 

 

Figure 5.4 ɬ Height variable distribution 
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Figure 5.5 ɬ Frequency plot 

 

 

Figure 5.6 - Probability Density Function 
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Figure 5.7 ɬ CDF 

 

 

Figure 5.8 ɬ CDF chart 

 

 

  

X P(X) F(X) 

1 1/6 1/6 

2 1/6 2/6 

3 1/6 3/6 

4 1/6 4/6 

5 1/6 5/6 

6 1/6 6/6 
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6. D ISTRIBU TIONS  

 

 

Figure 6.1 ɬ Samples from a uniform distribution 

 

 

Figure 6.2 ɬ Uniform distribution 
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Figure 6.3- Binomial Distribution B(10,0.5) 

 

 

Figure 6.4 ɬ Binomial Distributions B(10,0.25) e B(10,0.75) 
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Figure 6.5 ɬ Poisson distribution for some lambda 
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Figure 6.6 - H(20,10,5) 

 

 

Figure 6.7 ɬ Gaussian distribution with ‘ σ and „ = 1 
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Figure 6.8 ɬ Gaussian distribution with ϟǻƔɯand Ϧɯǻɯƕ 

 

 

Figure 6.9 ɬ Gaussian distribution with ϟǻƔɯand ϦɯǻɯƔȮƙ 
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Figure 6.10 ɬ Gaussian distribution with ϟǻƔɯand ϦɯǻɯƕȮƙ 

 

 

Figure 6.11 - Rule 68-95-99 
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Figure 6.12 ɬ Standard normal curve per negative values of z 

 

 

Figure 6.13 - Standard normal curve for positive values of z 

 

 

Figure 6.14 ɬ Binomial to normal approximation 
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Figure 6.15 ɬ Poisson to normal approximation 

 

 

 

Figure 6.16 - Chi square distribution with 5 degrees of freedom 
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Figure 6.17 ɬ Student t distribution 

 

 

 

Figure 6.18 ɬ F distribution with many degrees of freedom 
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7. INFERENTIAL STATISTICS  

 

Figure 7.1 - By increasing the number of samples, the average approaches the expected value. 
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Figure 7.2 ɬ Central Limit Theorem 

 

 

Figure 7.3 - Distribution of the 500 extracted elements 
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Figure 7.4 ɬ Other 500 items 

 

 

Figure 7.5 ɬ Means distribution for n = 5 
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Figure 7.6 ɬ Means distribution with n = 10 

 

Figure 7.7 ɬ Means distribution with n = 50 
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Figure 7.8 - Using the Alternative Hypothesis to Determine Test Tails 

 

 

Figure 7.9 - Accept and reject region for the two-tailed test 

 

 

Figure 7.10 - Acceptance and rejection region for one-tailed tests 



 

60 

 

 

Figure 7.11 ɬ F Distribution 

 

 

Figure 7.12 - Boxplot of weight variable 

 

 

 

Figure 7.13 ɬ Two discrete variables 

Loyal Woman Man Total

Not Loyal 105 15 120

Loyal 80 300 380

Total 185 315 500

TYPE

SEX
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Figure 7.14 ɬ Creating the expected frequency table 

 

 

 

Figure 7.15 ɬ Expected frequency table 

 

 

Figure 7.16 ɬ Chi Square distribution 

Loyal Woman Man Total

Not Loyal 120*185/500 120*315/500 120

Loyal 380*185/500 380*315/500 380

Total 185 315 500

TYPE

SEX

Loyal Woman Man Total

Not Loyal 44,4 75,6 120

Loyal 140,6 239,4 380

Total 185 315 500

TYPE

SEX
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Figure 7.17 - Table with expected values of chi square distribution 
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8. SAMPLING  

 

 

Figure 8.1 ɬ Good sampling e biased sampling 

 

  

 

Figure 8.2 - Inverse Transform Sampling 
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Figure 8.3 ɬ Histogram of uniform distribution 

 

 

Figure 8.4 ɬ The new distribution 
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Figure 8.5 ɬ Exponential trend of the distribution 
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9. DATA PREPARATION  

 

 

Figure 9.1 ɬ Time distribution in a project  

 

 

Figure 9.2 Sample customer dataset 

Customer Sex Marital Status Work Purchase Amount Loyal

1 Woman Married Employee 10 1.000 YES

2 Man Divorced Freelancer 5 500 YES

3 Man Single Employee 2 200 NO

4 Woman Single Employee 1 100 NO

5 Woman Single Manager 1 100 NO

6 Man Divorced Employee 8 800 YES

7 Woman Divorced Employee 0 0 NO

8 Man Married Employee 13 1.300 YES

9 Man Married Manager 2 200 NO

10 Man Married Freelancer 7 700 YES
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Figure 9.3 ɬ Transaction example 

 

 

Figure 9.4 ɬ Data preparation steps 

 

 

Figure 9.5 ɬ Map of missing values 

Customer Data Product Purchase Amount

1 06/01/2021 Product A 1 100

1 08/02/2021 Product B 1 100

1 15/03/2021 Product A 1 100

1 16/03/2021 Product C 1 100

1 03/05/2021 Product C 1 100

1 04/05/2021 Product B 1 100

1 06/06/2021 Product A 1 100

1 31/07/2021 Product A 1 100

1 24/09/2021 Product C 1 100

1 15/12/2021 Product A 1 100
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Figure 9.6 - Clustering for identifying outliers 

 

 

 

Figure 9.7 ɬ The dataset before and after balancing 
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10. FEATURE ENGINEERING  

 

 

Figure 10.1 ɬ Variables before and after scaling 

 

 

Figure 10.2 - Equi-depth binning 

Age Bin

12 15

16 15

18 15

22 26

25 26

30 26

35 41

42 41

45 41

48 51

50 51

55 51
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Figure 10.3 - Equi-width binning 

 

 

Figure 10.4 - Equi-depth binning 

Age Bin

12 [12,22]

16 [12,22]

18 [12,22]

22 [12,22]

25 [23,33]

30 [23,33]

35 [34,44]

42 [34,44]

45 [45,55]

48 [45,55]

50 [45,55]

55 [45,55]
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Figure 10.5 - Equi-width binning 

 

 

Figure 10.6 - Plot of the bins 
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Figure 10.7 - The dataset with the bins column 
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11. M ACHINE LEARNING  

 

 

Figure 11.1 ɬ Some ML algorithms 

 

 

 

Figure 11.2 - Items needed for the training step 
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Figure 11.3 ɬ Gradient Descent 

 

 

Figure 11.4 - Convex function and non-convex function 
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Figure 11.5 ɬ Non-convex function 

 

 

Figure 11.6 ɬ Learning rate effect 
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Figure 11.7 ɬ Hyperparameter tuning 

 

 

Figure 11.8 ɬ Bias and variance effect 
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Figure 11.9 ɬ Learning curve 

 

 

Figure 11.10 - Occam's Razor: solution B is preferred because it is the simplest 
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Figure 11.11 - Bias-Variance Trade-Off 
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12. VALIDATION  

 

 

Figure 12.1 ɬ Error in regression 

 

 

Figure 12.2 - R-squared 
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Figure 12.3 ɬ Confusion Matrix 

 

 

Figure 12.4 ɬ Table for the Gain Chart 

Decile 

(% of elements)

TPR Base 

Model

TPR Our 

Model Lift

0 0 0 0,00

10 10 60 6,00

20 20 75 3,75

30 30 82 2,73

40 40 88 2,20

50 50 92 1,84

60 60 95 1,58

70 70 98 1,40

80 80 100 1,25

90 90 100 1,11

100 100 100 1,00
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Figure 12.5 - Gain Chart 

 

 

Figure 12.6 - Lift Chart 
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Figure 12.7 ɬ ROC chart 

 

 

 

Figure 12.8 ɬ Euclidean Distance 

 

 

 

Figure 12.9 ɬ Manhattan distance 
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Figure 12.10 ɬ Lagrange distance 

 

 

Figure 12.11 ɬ Cosine distance 

 

 

Figure 12.12 ɬ Jaccard distance 

 

 

Figure 12.13 ɬ Hamming distance 
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Figure 12.14 ɬ Chart of the x matrix 

 

 

Figure 12.15 ɬ Chart of the scaled variables 
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Figure 12.16 - Resubstitution Validation 

 

 

Figure 12.17 - Hold-out Validation 

 

 

Figure 12.18 - K-fold Cross Validation 

 

 

Figure 12.19 - Leave One Out Cross Validation 
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Figure 12.20 - Random Subsampling Validation 
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13. REGRESSION ALGORITHMS  

 

 

Figure 13.1 ɬ Linear regression example 

 

 

Figure 13.2 - Chart of a newborn's weight per month 
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Figure 13.3 - Example of non-linear relationship 

 

 

Figure 13.4 - Boxplot of some variables 

 

 

Figure 13.5 ɬ Relationship between lstat and medv 
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Figure 13.6 ɬ Relationship between all variables 

 

 

Figure 13.7 ɬ Correlations chart 
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Figure 13.8 ɬ Residuals distribution 

 

 

Figure 13.9 ɬ Residuals plot 
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Figure 13.10 - Comparison between the predicted and the actual variable 

 

 

Figure 13.11 ɬ Hitters dataset 
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Figure 13.12 - MSE by lambda 

 

 

Figure 13.13 ɬ MSE by lambda for LASSO 
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14. CLASSIFICATION ALGORITHMS  

 

 

Figure 14.1 ɬ Sigmoid function 
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Figure 14.2 ɬ Boxplots of the features 

 

 

Figure 14.3 ɬ Correlations between variables 
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Figure 14.4 - A node of a classification tree 

 

 

Figure 14.5 ɬ Binary nodes 

 

 

Figure 14.6 ɬ Hepatitis dataset 
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Figure 14.7 ɬ The hepatitis dataset tree 

 

 

Figure 14.8 ɬ Features boxplots 
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Figure 14.9 - Features corrplot 

 

 

Figure 14.10 - Support Vectors 
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Figure 14.11 ɬ Maximizing distance between hyperplane and support vectors 

 

 

Figure 14.12 ɬ Nonlinearly separable classes 
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Figure 14.13 ɬ Nonlinearly separable class 

 

 

Figure 14.14 ɬ Separation with a higher dimension model 
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Figure 14.15 - Chart of the first SVM model 

 

 

Figure 14.16 ɬ Second SVM model chart 
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Figure 14.17 ɬ SVM performance 

 

 

Figure 14.18 ɬ Best SVM model 
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15. CLUSTERING  ALGORITHMS  

 

 

Figure 15.1- Clustering example 

 

 

Figure 15.2 ɬ Clustering Algorithms 

 

 

 

Figure 15.3 - Clusters and their centroids 
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Figure 15.4 ɬ The Elbow method 

 

 

Figure 15.5 ɬ Silouhette method 
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Figure 15.6 ɬ Distance matrix 

 

 

Figure 15.7 - Clustering with k = 2 
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Figure 15.8 - K-means for different k 

 

Figure 15.9 ɬ Elbow method 
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Figure 15.10 ɬ Silouhette method 

 

 

Figure 15.11 - Gap statistics method 
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Figure 15.12 - Clustering with k = 4 
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Figure 15.13 ɬ PAM Clustering 

 

 

Figure 15.14 ɬ Initial configuration and first selection 

 

 

Figure 15.15 ɬ First iteration 
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Figure 15.16 - The cluster C is the closest to the cluster (A,B) 

 

 

Figure 15.17 ɬ Next iteration 
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Figure 15.18 ɬ The F cluster is the closest to the cluster (D,E) 

 

 

Figure 15.19 ɬ Next iteration 
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Figure 15.20 ɬ The final cluster 

 

 

Figure 15.21 ɬ Hierarchical Clustering 
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Figure 15.22 - Dendogram of hierarchical clustering 

 

 

Figure 15.23 ɬ Identified clusters 
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Figure 15.24 ɬ Points classification in DBSCAN 

 

 

Figure 15.25 ɬ Multishapes data 
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Figure 15.26 - k-means clustering results 
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Figure 15.27 - Clustering with DBScan 
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Figure 15.28 ɬ Chart of average distance for epsilon 

 

 

Figure 15.29 ɬ Membership chart 
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Figure 15.30 ɬ Clustering result 
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16.  D IMENSIONALITY REDUCTION  

 

 

Figure 16.1 - PCA vs LDA 

 

 

Figure 16.2 - Chart of variance explained by component 
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Figure 16.3 ɬ Correlations chart 
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Figure 16.4 ɬ Classification with LDA  
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17. SEMI -SUPERVISED  ALGORITHMS  

 

 

Figure 17.1 ɬ Example of Semi-Supervised problem 

 

 

Figure 17.2 - Self training method 
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Figure 17.3 ɬ Labeled training data 

 

 

Figure 17.4 ɬ Unlabeled data 
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Figure 17.5 ɬ Test data 
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Figure 17.6 ɬ Supervised classifier results 

 

 

Figure 17.7 ɬ Self-learning classifier 
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Figure 17.8 - Co-training 

 

 

Figure 17.9 ɬ Generated dataset 
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Figure 17.10 ɬ Dataset with missing labels 
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Figure 17.11 ɬ Considered Labels 
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Figure 17.12 ɬ Final labeling 
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Figure 17.13 ɬ Iterative process in Active Learning 
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Figure 17.14 ɬ Labeled data 
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18. LAZY LEARNING  

 

 

Figure 18.1 ɬ KNN example 

 

 

Figure 18.2 ɬ Choosing k in KNN 
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Figure 18.3 - Model performance for different K values 

 

 

Figure 18.4 ɬ RMS chart for different k values 
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Figure 18.5 - Expected vs actual value 
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19. ENSEMBLE  M ETHODS  

 

 

Figure 19.1 - Bagging 

 

 

Figure 19.2 ɬ Boosting 
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20. ASSOCIATION RULES 

 

 

Figure 20.1 - Itemset with support greater than 0.1 

 

 

Figure 20.2 - Itemset with support greater than 0.05 
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Figure 20.3 ɬ Top 20 frequency itemset 

 

 

Figure 20.4 ɬ Support and confidence chart 
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Figure 20.5 - Rules for milk-related products 

 

 

Figure 20.6 ɬ Rules chart 
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21. TIME SERIES  

 

 

Figure 21.1 ɬ Time series example 

 

 

Figure 21.2 - Time series decomposition 
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Figure 21.3 - Our simple time series 

 

 

Figure 21.4 ɬ AirPassengers time series 
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Figure 21.5 - Boxplot by month 

 

 

Figure 21.6 ɬ The components of the time series 
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Figure 21.7 ɬ Residuals analysis 
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Figure 21.8 - Forecast 
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22. NEURAL NETWORK  

 

 

Figure 22.1 ɬ Neural Network representation 

 

 

Figure 22.2 -Neuron structure 
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Figure 22.3 ɬ Threshold function 

 

 

 

Figure 22.4 ɬ Linear function 

 

 

Figure 22.5 ɬ ReLu Function 
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Figure 22.6 ɬ Logistic function 

 

 

Figure 22.7 ɬ Hyperbolic tangent function 

 

 

Figure 22.8 - Perceptron 
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Figure 22.9 ɬ Perceptron algorithm 

 

 

Figure 22.10 - Functions AND, OR e XOR 
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Figure 22.11 - Linearly separable classes 

 

 

Figure 22.12 ɬ Errors chart 
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Figure 22.13 ɬ The final perceptron 

 

 

 

Figure 22.14 ɬ Adaline algorithm 
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Figure 22.15 ɬ SLP Neural Network 

 

 

Figure 22.16 ɬ Linear separable classes 
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Figure 22.17 ɬ The SLP of our example 

 

Figure 22.18 - Correctly identified classes 
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Figure 22.19 - MLP 

 

 

Figure 22.20 - Solving nonlinear problems with MLP 

 

 

 

Figure 22.21 ɬ The network of our example 
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Figure 22.22 ɬ The neural network model 
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Figure 22.23 ɬ Neural network for the boston datase3t 
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Figure 22.24 ɬ Prediction vs Actual 

 

 

Figure 22.25 ɬ ELM structure 
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Figure 22.26 ɬ RBF Network 
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23. DEEP LEARNING  

 

 

Figure 23.1 - Some Deep Learning models 

Deep Learning

Supervised Learnign

Fully Connected 
Deep Neural 

Network (FC DNN)

Convolutional 
Neural Network 

(CNN)

Recurrent Neural 
Network (RNN)

Long Short-Term 
Memory (LSTM)

Gathed Recurrent 
Unit (GRU)

Unsupervised 
Learning

Self Organizing 
Maps (SOM)

Autoencoders

Hopfield Networks

Restricetd Boltzman 
Machine (RBM)

Deep Belief 
Network (DBN)

Deep Boltzman 
Machine (DBM)
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Figure 23.2 ɬ Fully connected neural network 

 

 

 

Figure 23.3 ɬ Some examples from the MNIST dataset 
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Figure 23.4 - loss and accuracy 

 

 

Figure 23.5 ɬ Shared weights example 
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Figure 23.6 ɬ CNN architecture 

 

 

Figure 23.7 ɬ Applying filter 

 

 

Figure 23.8 - Max pool 
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Figure 23.9 - The dataset classes, with some example images 

 

 

Figure 23.10 - Some dataset images 












































