
 MACHINE LEARNING 

Mohammed Alhanjouri 
Associate Professor of AI at IUG 

Introduction to 

 
DISCLAIMER 
This handout is made possible by the support of the American people through the United States Agency for International 
Development (USAID). The contents are the sole responsibility of Mercy Corps and do not necessarily reflect the views of 
USAID or the United States Government. 

 



► What is Machine learning 

► Examples of Learning Tasks 

► Some Broad Areas of ML 

► Definitions and Terminology 

► Some standard learning scenarios 

► Example: SPAM Detection 

► Importance of Features 

► Generalization 

► Supervised learning “classification“ 

► Artificial Neural Network (ANN)  

► What is Cluster Analysis “Unsupervised learning” 

Outlines 



What is Machine learning 

Machine learning, a branch of artificial intelligence, 

concerns the construction and study of systems that 

can learn from data.  
 

“It is the ability of a machine to improve its 

performance based on previous results” 
 

For example, a machine learning system could be 

trained on email messages to learn to distinguish 

between spam and non-spam messages. After 

learning, it can then be used to classify new email 

messages into spam and non-spam folders. 



 Definition: computational methods using 

experience to improve performance, e.g., to 

make accurate predictions. 

 Experience: data-driven task, thus statistics, 

probability. 

 Example: use height and weight to predict 

gender. 

 Computer science: need to design efficient 

and accurate algorithms, analysis of 

complexity, theoretical guarantees. 

What is Machine learning (cont.) 



Examples of Learning Tasks 
 Optical character recognition. 

 Text or document classification, spam detection. 

 Morphological analysis, part-of-speech tagging, 

statistical parsing. 

 Speech recognition, speech synthesis, speaker 

verification. 

 Image recognition, face recognition. 

 Fraud detection (credit card, telephone), network 

intrusion. 

 Games (chess, backgammon). 

 Unassisted control of a vehicle (robots, navigation). 

Medical diagnosis. 

 Recommendation systems, search engines, 

information extraction systems. 



Some Broad Areas of ML 
 

 Classification: assign a category to each object 

(OCR, text classification, speech recognition). 

 Regression: predict a real value for each object 

(prices, stock values, economic variables, ratings). 

 measure of success: closeness of predictions. 

 Ranking: order objects according to some criterion 

(relevant web pages returned by a search engine). 



Some Broad Areas of ML (Cont.) 
 

 Clustering: partition data into homogenous groups 

(analysis of very large data sets). 

 Dimensionality reduction: find lower-dimensional 

manifold preserving some properties of the data 

(computer vision). 

 Density estimation: learning probability distribution 

according to which data has been sampled 

(distribution typically selected out of pre-selected 

family). 



Definitions and Terminology 
 

 Example: an object or instance in data used. 

 Features: the set of attributes, often represented as 

a vector, associated to an example, e.g., height and 

weight for gender prediction. 

 Labels: 

     in classification, category associated to an object, 

e.g., positive or negative in binary classification. 

     in regression, real-valued numbers. 



Definitions and Terminology (cont.) 
 

 Training data: data used for training algorithm. 

 Test data: data exclusively used for testing 

algorithm. 

Some standard learning scenarios: 
Supervised learning: labeled training data. 

Unsupervised learning: no labeled data. 

Semi-supervised (Reinforcement) learning: 

labeled training data + unlabeled data. 



Example - SPAM Detection 
 

 Problem: classify each e-mail message as SPAM 

or non-SPAM (binary classification problem). 
 

 Data: large collection of SPAM and non-SPAM 

messages (labeled examples). 
 

 Features: define features for all examples (e.g., 

presence or absence of some sequences). 

 critical step (should use prior knowledge). 
 

 Algorithm: choose type of algorithm adapted to the 

problem. 

 typically requires choice of hypothesis set. 



Example - SPAM Detection (cont.) 
 

 Learning stages: 

 divide labeled collection into training and test data. 

 use training data and features to train machine 

learning algorithm. 

 predict labels of examples in test data to evaluate 

algorithm. 

 algorithms may require choosing a parameter 

(number of rounds, learning parameter, trade—off 

parameter) 



Importance of Features 
 

Features: 

 poor features, uncorrelated with labels, make 

learning very difficult for all algorithms. 

 good features, can be very effective; often 

knowledge of the task can help. 

 

Example: 



Generalization 
Generalization: not memorization. 

 minimizing error on the training set in general 

does not guarantee good generalization. 

 too complex hypotheses could overfit training 

sample. 

 how much complexity vs. training sample size? 



Supervised learning 
―classification― 

 
It is learning with examples, the data 
(observations, measurements, ...) are labeled 
with pre-defined classes. It is like that a ―teacher‖ 
gives the classes (supervision). 
In training phase, we can calculate the error as: 
(desired value – actual value) and use this error 
for updating the machine parameters to reduce 
the error.  
These parameter will be used for classification in 
test phase. 



Artificial Neural Network (ANN) 

(common used classifier) 
 

It is an information processing 

paradigm that is inspired by the way 

biological brain process information. 



The brain can be simulated by Artificial Neural Network. 

The weight w corresponds to the strength of a synapse, 

The cell body is represented by the summation and the 

transfer function, 

And the neuron output ɑ represents the signal on the axon. 



Artificial Neural Network Examples  

 
example1 



Example 2  



Pattern Recognition 

Clustering  

Feature detection or ―association‖ 

Data Compression 

Curve Fitting 

Optimization 

Control systems 

Artificial Neural Network Applications  



What is Cluster Analysis? 
• Clustering is unsupervised learning: no predefined 

classes 

• Cluster: a collection of data objects 

– Objects are similar to objects in same cluster 

– Objects are dissimilar to objects in other 
clusters 

• Cluster analysis 

– Finding groups of objects such that the objects 
in a group will be similar (or related) to one 
another and different from (or unrelated to) the 
objects in other groups 

 

 



Inter-cluster 
distances are 

maximized 
Intra-cluster 
distances are 

minimized 

What is Cluster Analysis? 



What is Cluster Analysis? 
 Exclusive versus non-exclusive 

 In non-exclusive clustering, points may belong to 
multiple clusters 

 Partial versus complete 

 In some cases, we only want to cluster some of the 
data 

 Heterogeneous versus homogeneous 

 Cluster of widely different sizes, shapes, and 
densities 

 Hard Clustering versus Fuzzy Clustering 

 In fuzzy clustering, a point belongs to every cluster 
with some weight between 0 and 1 

 Weights must sum to 1 

 Probabilistic clustering has similar characteristics 



What Is Good Clustering? 

• A good clustering method will produce high quality 

clusters with 

– high intra-class similarity 

– low inter-class similarity  

• The quality of a clustering result depends on the 

similarity measure used by the method. 

• The quality of a clustering method is also measured 

by its ability to discover some or all of the hidden 

patterns. 



Vocabulary of Clustering 
• Records, data points, samples, items, objects, patterns… 

• Attributes, features, variables… 

• Similarity, dissimilarity, distances. 

• Centre, Centroid, Prototype. 

• Hard Clustering (Crisp Clustering) 

Requirements of Clustering  
• Scalability 

• Ability to deal with different types of attributes 

• Discovery of clusters with arbitrary shape 

• Minimal requirements for domain knowledge to determine input 

parameters 

• Able to deal with noise and outliers 

• Insensitive to order of input records 

• Insensitive to the initial conditions 

• High dimensionality 



Clustering Algorithms 

Processes of data clustering 

Data Representation 

Modeling 

Optimization 

Validation 



Diagram of Clustering algorithms 

Clustering problems 

Hard Clustering Fuzzy Clustering 

Partitional Hierarhical 

Divisive Agglomerative 

Clustering Algorithms 


