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Machine Learning



Definitions 4

- Machine learning is a “Field of study that gives computers the
ability to learn without being explicitly programmed.”
Samuel, Arthur (1959). "Some Studies in Machine Learning Using the Game of
Checkers". IBM Journal of Research and Development. 3 (3): 210–229.
doi:10.1147/rd.33.0210

- A computer program is said to learn from experience E with
respect to some class of tasks T and performance measure P if
its performance at tasks in T, as measured by P, improves with
experience E.
Mitchell, T. (1997). Machine Learning. McGraw Hill. p. 2. ISBN
978-0-07-042807-2
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Definitions 5



Supervised learning 6

Machine learning that are designed to learn by examples, i.e., it
maps the input to an output based on previous input-output
pairs.



Unsupervised learning. Clustering 7



Unsupervised learning. Generative. 8

Machine learning that let the model discover and learn on their
own, i.e., it works on its own to discover pattern and
information .



Reinforcement Learning 9

In some applications, the output of the system is a sequence of
actions the learning in which machine is able to assess the
goodness of past approaches or policies and learn from past
good action sequences to be able to generate a policy.



Methods 10



Book 11



AI-ML-DL 12



ML-DL 13



Frameworks 14



Frameworks II 15



Machine Learning using Quantum Computers

2021 Qiskit Global Summer School on Quantum Machine Learning
Kernel methods

Quantum Machine Learning course (IBM)
Kernel methods, Generative networks

kernel methods lin. regr., k-means, QNN
Vedran Dunjko, Jacob M. Taylor and Hans J. Briegel, Quantum-Enhanced

Machine Learning, Physical Review Letters 117 (13), 130501 (2016)
doi:10.1103/PhysRevLett.117.130501 arXiv:1610.08251

https://qiskit.org/learn/summer-school/quantum-computing-and-quantum-learning-2021/
https://learn.qiskit.org/course/machine-learning/introduction


Machine Learning using Quantum Computers

2021 Qiskit Global Summer School on Quantum Machine Learning
Kernel methods

Quantum Machine Learning course (IBM)
Kernel methods, Generative networks

kernel methods lin. regr., k-means, QNN
Vedran Dunjko, Jacob M. Taylor and Hans J. Briegel, Quantum-Enhanced

Machine Learning, Physical Review Letters 117 (13), 130501 (2016)
doi:10.1103/PhysRevLett.117.130501 arXiv:1610.08251

https://qiskit.org/learn/summer-school/quantum-computing-and-quantum-learning-2021/
https://learn.qiskit.org/course/machine-learning/introduction


Machine Learning using Quantum Computers

2021 Qiskit Global Summer School on Quantum Machine Learning
Kernel methods

Quantum Machine Learning course (IBM)
Kernel methods, Generative networks

kernel methods lin. regr., k-means, QNN

Vedran Dunjko, Jacob M. Taylor and Hans J. Briegel, Quantum-Enhanced
Machine Learning, Physical Review Letters 117 (13), 130501 (2016)

doi:10.1103/PhysRevLett.117.130501 arXiv:1610.08251

https://qiskit.org/learn/summer-school/quantum-computing-and-quantum-learning-2021/
https://learn.qiskit.org/course/machine-learning/introduction


Machine Learning using Quantum Computers

2021 Qiskit Global Summer School on Quantum Machine Learning
Kernel methods

Quantum Machine Learning course (IBM)
Kernel methods, Generative networks

kernel methods lin. regr., k-means, QNN
Vedran Dunjko, Jacob M. Taylor and Hans J. Briegel, Quantum-Enhanced

Machine Learning, Physical Review Letters 117 (13), 130501 (2016)
doi:10.1103/PhysRevLett.117.130501 arXiv:1610.08251

https://qiskit.org/learn/summer-school/quantum-computing-and-quantum-learning-2021/
https://learn.qiskit.org/course/machine-learning/introduction


IBM Quantum / © 2020 IBM Corporation

Building a quantum 
classifier
Amira Abbas

IBM Quantum, University of KwaZulu-Natal
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Hilbert space 
is a big place! 
- Carlton Caves

With just 275 qubits, 
we can represent more 

states than the 
number of atoms in 

the observable 
universe 
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Quantum machine learning

IBM Quantum / © 2021 IBM Corporation 5

CC CQ

QQQC
Image credit: Maria Schuld and Francesco Petruccione. Supervised learning with 
quantum computers. Vol. 17. Springer, 2018.
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C – classical, Q – quantum



Noisy, error-prone, 
small devices
What can we do now?
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Variational 
models

8© 2021 IBM Corporation



Variational models
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Variational circuit  

Parameterized quantum circuit  

Ansatz  



Variational circuit as a classifier
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Get a 
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Variational circuit as a classifier
Task: Train a quantum circuit on labelled samples in order to predict 

labels for new data

Step 1: Encode the classical data into a quantum state

Step 2: Apply a parameterized model

Step 3: Measure the circuit to extract labels

Step 4: Use optimization techniques (like gradient descent) to update 
model parameters
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Data encoding
Basis encoding

23© 2021 IBM Corporation



Applying a variational model
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Applying a variational model
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Sim et al. "Expressibility and Entangling Capability of Parameterized Quantum Circuits for Hybrid Quantum-Classical Algorithms." Advanced Quantum Technologies 2.12 (2019): 1900070.



Applying a variational model
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Sim et al. "Expressibility and Entangling Capability of Parameterized Quantum Circuits for Hybrid Quantum-Classical Algorithms." Advanced Quantum Technologies 2.12 (2019): 1900070.



Applying a variational model
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Extracting labels
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Extracting labels
Parity post-processing
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Source: Havlíček, Vojtěch, et al. "Supervised learning with quantum-enhanced feature spaces." Nature 567.7747 (2019): 209-212.



T H A N K Y O U F O R

Y O U R A T T E N T I O N!

Б Л А Г О Д А Р Я З А

В Н И М А Н И Е Т О !
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