
Project 101186291—SMARCO

Funded by the European Union. Views and opinions expressed are however those of the

author(s) only and do not necessarily reflect those of the European Union or the European

Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA

can be held responsible for them.

SMARt COmmunities Skills 
Development in Europe

Dr. Assoc. Prof. Sotiris Kotsiantis



Project 101186291—SMARCO

Funded by the European Union. Views and opinions expressed are however those of the

author(s) only and do not necessarily reflect those of the European Union or the European

Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA

can be held responsible for them.

SMARt COmmunities Skills 
Development in Europe

Unit 1 – Machine 
Learning Classification 

Methods



Project 101186291—SMARCO

Funded by the European Union. Views and opinions expressed are however those of the

author(s) only and do not necessarily reflect those of the European Union or the European

Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA

can be held responsible for them.

• This module targets the ability to identify, select and apply AI solutions
in a smart city context. It includes being able to (i) understand
fundamental concepts, practical applications, and ethical
considerations of AI in smart cities, (ii) distinguish different types of
Machine Learning (ML), (iii) describe basic ML approaches, techniques
and algorithms, and (iv) provide real-world examples of the use of AI
in smart cities
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• Unit 1 – Machine Learning Classification Methods
• Unit 2 – Regression and Forecasting Methods
• Unit 3 – Unsupervised Learning and Recommendation methods
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• This unit introduces trainees to artificial intelligence and machine
learning classification methods. Trainees will also become familiar to
handle classification problems related to smart cities.
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• Explain the concepts of artificial intelligence and machine learning
• List machine learning categories
• Describe the basic machine learning classification techniques.
• Demonstrate a learning algorithm in a smart city related classification

problem
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• Artificial Intelligence
• Machine Learning
• Supervised Machine Learning
• Classification Algorithms
• Evaluation of a Classification Algorithm
• Application of a classification algorithm in a smart city related

classification problem
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• Artificial Intelligence
• Machine Learning – Supervised machine learning
• Classification algorithms, classifiers
• Artificial Neural Network, Decision Tree, Random Forest
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• Governments can use AI to analyze open data, allowing for more
informed public policy decisions. For example, analysis of open data
on traffic, health, or education can reveal trends and inform policy to
address societal needs.

• AI can assist in predicting housing demands, identifying crime
hotspots, and even enhancing public health monitoring through open
epidemiological data.

• Open data allows AI applications to be transparent in terms of the
data sources they rely on. This transparency builds trust in AI system.
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• Artificial intelligence (AI) and machine learning (ML) are related terms
that deal with how computers can be programmed to make
decisions and to think like humans.

• AI is a broader term that refers to systems that can perform tasks and
exhibit behavior that appears to be intelligent. This generally involves
using data and algorithms to enable a computer to think and act in a
way that is akin to a human — this can include using natural
language processing and decision-making.
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• ML is a subset of AI and is concerned with how a computer
system can learn from data. A computer can be trained to
understand data and identify patterns in that data. It can use
this understanding to make decisions and predictions and
take action accordingly.

• Machine learning categories:
• Supervised Machine Learning
• Unsupervised Machine Learning
• Reinforcement Learning
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• Supervised learning is a type of machine learning algorithm
that uses a set of labeled training data to make predictions.

• The algorithm uses a mapping function to make predictions
based on new data that falls within the range of the labeled
data.

• Examples of supervised learning include classification and
regression.
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• In a classification problem, the independent variables are the
features used to make predictions while the dependent
variable is the label of the class or the decision to be made.

• The independent variables are used to calculate the
classification boundary, while the dependent variable
determines the category that the data point belongs to.
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• A smart city classification problem could involve using
available data to classify a city's inhabitants into different
groups according to their income, population size, or access to
resources.

• The goal of this problem would be to gain insights into how to
create more equitable and sustainable cities by
understanding the factors that affect a city's citizens.

• Data used in this classification problem could include census
data, school enrollment records, economic indicators, and
surveys about housing, transportation, health, and safety.
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• The application of a classification algorithm to a dataset
begins with understanding the data and the type of
classification algorithm that is best suitable for the problem.

• After selecting the algorithm and preprocessing the data, the
next step is to train the model using a training dataset.

• After training the model, it is important to analyze the
performance of the classification model using various
evaluation metrics.

• Finally, the trained model can be used on the test dataset to
make predictions.
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• K-Nearest Neighbors
• Logistic Regression
• Support Vector Machines
• Artificial Neural Networks
• Decision Trees
• Naive Bayes
• Random Forests
• Gradient Boosted Trees
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• A confusion matrix is a table used to evaluate the
performance of a classification algorithm. It is a table
of confusion that helps to understand where the
classifier is making the correct predictions and where
it is going wrong. It shows the actual class against the
predicted class.

• Each cell in the table shows the number of instances
that fall into a given combination of actual and
predicted classes. For example, the upper-left cell in
the confusion matrix represents the number of
instances classified as the first class and were actually
in the first class.



Project 101186291—SMARCO

Funded by the European Union. Views and opinions expressed are however those of the

author(s) only and do not necessarily reflect those of the European Union or the European

Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA

can be held responsible for them.

• Accuracy: It is the number of correct
predictions divided by the total
number of predictions. The higher
number indicates better accuracy.

• Precision: It is the fraction of true
positives which were correctly
identified as such.

• Recall: It is the fraction of all the
relevant cases of a class that were
identified correctly.

• F Score: It is the harmonic mean of
precision and recall.
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MCC is often preferred
when dealing with
imbalanced datasets due
to its focus on all four
confusion matrix elements.

Cohen’s kappa has similar 
interpretation as MCC, with 
+1 indicating perfect 
agreement and 0 indicating 
agreement due to chance.
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AUC ROC Curve: Area Under
Curve (AUC) Receiver
Operating Characteristic
(ROC) Curve is a measure
of the accuracy of a
predictive model. It
measures the probability
that a model will correctly
identify an instance from
two classes.
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Cross-validation is a technique
used to train and machine learning
models on different subsets of data.
It involves splitting the dataset into a
number of folds and using each fold
to train and test the model.
The number of folds is typically set to
five, although this can vary
depending on the size of the dataset.
Each fold is used to test the model’s
performance a single time, and the
overall results are averaged out in
order to obtain an overall
assessment of the model’s
generalization ability.
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• A classifier can be used to determine the potability of water in a smart
city.

• The classifier would take in information about the source of the water,
such as if it is from a tap, a stream, or a well, and use this information to
classify the water as potable or non-potable.

• Additionally, the classifier can consider other factors, such as the source
of the water, chemical composition of the water, presence of any
contaminants, and the temperature of the water, to determine its
potability.

• The classifier can then be used to alert authorities and citizens of
potential water contamination problems so that action can be taken to
address them.
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• Google Colab is a cloud-based notebook environment that excels in
collaborative work, data analysis, and machine learning tasks.

• Colab comes with many pre-installed Python libraries commonly used in data
science and machine learning, such as NumPy, pandas, matplotlib. This saves
time and effort in setting up the environment.

• Google Colab provides free access to Graphics Processing Units (GPUs) and
Tensor Processing Units (TPUs). This is particularly advantageous for training
machine learning models that require significant computational power.

• You can write and execute python code, save and share your analyses, and
access powerful computing resources, all for free from your browser.

• To start working with Colab you first need to log in to your google/gmail
account, then go to this link https://colab.research.google.com

https://colab.research.google.com/
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• A basic approach to share data is the comma separated value (CSV)
format
• it is a text format, accessible to all apps
• each line (even if blank) is a row
• in each row, each value is separated from the others by a comma

(even if it is blank)
• cannot capture complex things like formula
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• Training a learning algorithm in Google Colab

• Press Shift+Enter to execute the cell in colab cell
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• pH: The pH level of the water.

• Hardness: Water hardness, a measure of mineral content.

• Solids: Total dissolved solids in the water.

• Chloramines: Chloramines concentration in the water.

• Sulfate: Sulfate concentration in the water.

• Conductivity: Electrical conductivity of the water.

• Organic_carbon: Organic carbon content in the water.

• Trihalomethanes: Trihalomethanes concentration in the water.

• Turbidity: Turbidity level, a measure of water clarity.

• Potability: Target variable; indicates water potability with values 1 (potable) and 0 (not potable).
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• Count: The number of non-null values in each column.

• Mean: The average or arithmetic mean of the values in each column. It is calculated by summing
up all values and dividing by the count.

• Std (Standard Deviation): A measure of the amount of variation or dispersion in a set of values. It
indicates how much the values in a column deviate from the mean.

• Min (Minimum): The smallest value in each column.

• 25% (25th Percentile or Q1): The value below which 25% of the data falls.

• 50% (50th Percentile or Median or Q2): The middle value of the dataset when it is sorted in
ascending order. It represents the point below which 50% of the data falls.

• 75% (75th Percentile or Q3): The value below which 75% of the data falls.

• Max (Maximum): The largest value in each column.



Project 101186291—SMARCO

Funded by the European Union. Views and opinions expressed are however those of the

author(s) only and do not necessarily reflect those of the European Union or the European

Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA

can be held responsible for them.



Project 101186291—SMARCO

Funded by the European Union. Views and opinions expressed are however those of the

author(s) only and do not necessarily reflect those of the European Union or the European

Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA

can be held responsible for them.

• Application of random forest in prediction of water potability
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• Some of the features (the input measurements e.g., pH, turbidity, dissolved solids,
etc.) for prediction of water potability are more important than the others meaning
that they have the biggest influence in a prediction model

One of the advantages of
Random Forest is its ability to
provide feature importance
scores, which help in
understanding the
contribution of each feature
to the model's predictions.
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https://colab.research.google.com/drive/1RepTGNjf2D6tF2TGz2hP0h3QRRV
dQtAL?usp=sharing

https://colab.research.google.com/drive/1RepTGNjf2D6tF2TGz2hP0h3QRRVdQtAL?usp=sharing
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• Classifiers could also be used to detect anomalies in data
collected from connected devices such as sensors and IoT
devices, helping to ensure that all infrastructure and services
remain safe and secure.

• Classification algorithms can also be used to segment different
parts of the city into different regions based on socio-
demographic factors, income level, or crime rate. This can help
city planners and decision makers better understand and plan
for the needs of a given neighborhood or section of the city.
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• To consolidate your learning and reflect on the key
concepts covered, please take a moment to complete this
quiz.

• Your feedback and results will help you track your progress
and support continuous improvement of the training
experience.

• By completing this quiz, you will also become eligible to
receive a certificate of successful training completion.

• Click this link to begin the quiz!

https://ec.europa.eu/eusurvey/runner/SMARCO_Artificial_Intelligence_Quiz
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