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• This unit introduces trainees to unsupervised learning and
forecasting. Trainees will also understand how to handle clustering
and recommendation problems related to smart cities.
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• Present the basic unsupervised learning techniques.
• Demonstrate a clustering algorithm in a smart city related problem.
• Demonstrate a recommendation algorithm in a smart city related

problem.
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• Unsupervised learning
• Clustering Algorithms
• Application of a clustering algorithm in a smart city related problem
• Recommendations
• Application of a recommendation algorithm in a smart city related

problem
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• Unsupervised machine learning
• Clustering algorithm, clusterer
• Recommendation algorithms, recommendation system
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• Unsupervised learning is a type of machine learning that searches for
previously undetected patterns in a data set.

• This type of learning is used to draw inferences from datasets without
the presence of any labeled data.

• Examples of unsupervised learning include clustering, which groups
data based on similarities, and associative analysis, which finds
relationships among variables in the data.



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.

• A smart city clustering problem could involve the grouping of different
cities according to various criteria such as population density,
infrastructure, economic potential, educational quality, environmental
conditions, public services, etc.

• The goal would likely be to identify cities that share similar
characteristics, which could then be used to improve urban planning.

• The results of the clustering process would provide a better
understanding of the different cities' needs and help to create better
policies, strategies, and resources for each of them.
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• The application of a classification algorithm to a dataset
begins with understanding the data and the type of clustering
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 the dataset.

• After training the model, it is important to analyze the
performance of the clustering model using various evaluation
metrics.
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• K-Means Clustering: A popular clustering algorithm that partitions a given
dataset into k clusters by iteratively assigning data points to the nearest cluster.

• Hierarchical Clustering: A clustering algorithm that builds a hierarchy of clusters
by creating nested clusters that are successively split or merged.

• DBSCAN: A clustering algorithm that uses a density-based approach to detect
different clusters in the dataset.

• Mean-Shift Clustering: A clustering algorithm that clusters the data points by
shifting points towards the highest density region.

• Affinity Propagation Clustering: A clustering algorithm that uses a “message
passing" idea in order to cluster data points into meaningful clusters.
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• Silhouette Score: The silhouette score is calculated based on
the average distance between each data point within a
cluster and the average distance between each data point
and the points in the neighboring clusters.
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• Calinski-Harabasz evaluation metric (also known as Variance
Ratio Criterion) metric measures the ratio between the sum of
squared within-group dispersion and the sum of squares
between-groups dispersion.
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• The Davies-Bouldin homogeneity evaluation metric is
calculated based on the similarity between clusters, and it
measures the compactness of cluster centers within a cluster,
as well as the separation between clusters.
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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/


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.

• Press Shift+Enter to execute the cell in colab cell
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• Smart Mobility refers to the use of technology and data to improve transportation systems within a city.
• Smart Environment focuses on leveraging technology and data to monitor, manage, and improve

environmental sustainability within a city.
• Smart Government involves the application of technology to enhance the efficiency, transparency, and

responsiveness of government services.
• Smart Economy refers to the use of technology and innovation to drive economic development within a city.
• Smart People focus on initiatives that empower and engage citizens through technology.
• Smart Living involves using technology to enhance the overall quality of life for residents.
• A Smart City Index is a comprehensive assessment tool that evaluates and ranks cities based on various

criteria related to their smart city initiatives. These indices typically cover multiple aspects, including
technology, sustainability, governance, innovation, and quality of life.

• Smart City Index relative to Edmonton involve evaluating how well Edmonton performs compared to other
cities in terms of its smart city initiatives across different categories.
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https://colab.research.google.com/drive/1W81wKG8ltxiT8CVNIjpnhn3Mw6O
Pgrq8?usp=sharing

https://colab.research.google.com/drive/1W81wKG8ltxiT8CVNIjpnhn3Mw6OPgrq8?usp=sharing
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• Smart Mobility: Clustering algorithms can be used to analyze and
segment transport data. This can be used to better understand urban
mobility patterns and better manage urban traffic.

• Smart Waste Management: Clustering algorithms can be used to analyze
patterns in garbage collection and recycling in order to optimize service
delivery.

• Citizen Segmentation: Clustering algorithms can be used to create citizen
profiles and segment citizens to understand their needs better and
customize services accordingly.

• Crime Monitoring and Prevention: Clustering algorithms can be used to
identify crime hot spots and predict criminal activities, enabling
authorities to take preventive measures promptly.
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• Trying to predict the opinion the user will have on the different items
and be able to recommend the “best” items to each user based on:
the user’s previous likings and the opinions of other like minded
(“Similar”) users



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.

• The ratings of users and items are represented in a matrix



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.

• The Dataset includes:
• userID: A unique identifier for each user.
• museumID: A unique identifier for each museum.
• rating: A rating (e.g., from 1 to 5) given by the user to the museum.

• This setup is ideal for collaborative filtering since we can recommend
museums to users based on the ratings given by similar users.
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• Given a set of users U that have rated some set of museums M, for
each rating not yet present, predict the rating rij that user ui will give to
museum mj
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1. User-Based kNN: “Users who are similar to you liked these museums — you might like them
too.”
• Steps:

• Compute similarity between users (e.g., cosine similarity).
• Find the k nearest users (most similar users).
• Look at what those users liked that you haven’t rated yet.
• Recommend the top museums from that list.

2. Item-BasedkNN: “You’ll like items similar to the ones you already liked.”
• Steps:

• Compute similarity between museums (based on users’ ratings).
• For a target item, find k most similar museums.
• Predict rating for an unseen item by looking at how you rated its similar museums.
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• Each user has rated some museums
The surprise library is a Python library
designed for building and analyzing
recommender systems. It provides a
convenient interface for various
collaborative filtering algorithms and is
widely used in tasks related to
recommendation systems.
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https://colab.research.google.com/drive/1mACBx1gA4Cw_FR4sghGZkiyLf3u
jLCOp

You can save a copy in your drive to execute the code from your PC via
colab.

https://colab.research.google.com/drive/1mACBx1gA4Cw_FR4sghGZkiyLf3ujLCOp
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• Local Restaurant and Shopping Recommendations: a system
that recommends local restaurants and shopping
establishments that users may be interested in.

• Community Engagement: a system that allows users to
participate in local events, crowdsourcing initiatives, and more.

• Connecting citizens to job opportunities
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• Cantuarias-Villessuzanne, C., Weigel, R., & Blain, J. (2021). Clustering of
European Smart Cities to Understand the Cities' Sustainability Strategies.
Sustainability, 13(2), 513. https://doi.org/10.3390/su13020513

• Yousif, Z., Hussain, I., Djahel, S., & Hadjadj-Aoul, Y. (2021). A Novel Energy-
Efficient Clustering Algorithm for More Sustainable Wireless Sensor
Networks Enabled Smart Cities Applications. Journal of Sensor and
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Representation-Learning-Enhanced Clustering for Bike-Sharing System in Smart 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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