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Lezioni 
Numero totale di ore: 
Durata: 
Ore settimanali: 
 Teoria: 
 Esercitazioni: 

 
48 
12 settimane 
4 
4 
0 

Laboratorio 
Numero totale di ore: 
Durata: 
Ore settimanali: 

 
0 
0 settimane 
0 

Metodo di valutazione  
Verifica scritta finale. 

 
SCOPO DELL’INSEGNAMENTO 
This course introduces fundamentals and main directions of R&D in advanced quantum information theory  
and quantum computing (QC). We will study the models and methods developed in QC for design of  
quantum algorithms. We will consider also QC applications in information processing systems and in  
Computer science simulation and design. 
 
PROGRAMMA DELL’INSEGNAMENTO 
1. Introduction to Quantum Computing (QC). Fundamentals and Main Directions of Research in QC. 

Classical Computing and Classical Reversible Gates. Church - Turing Principle of Computations. 
2. Quantum Mechanics Principles, Quantum Equations from Hamilton-Jacobi and Information (Minimum  

Fisher Information Amount) Principles. 
3. The Role of Quantum Superposition, Entanglement, and Interference in QC. Quantum Operations. 
4. Quantum Gates, Circuits, and Networks. Quantum Bits and Registers. Evolution Operator 

Approximations. Quantum Fast Fourier Transform. 
5. Examples of Quantum Gates. Universal Quantum Gates. Group-Theoretical (Pauli and Clifford 

Groups) Approach to Design of Quantum Gates. Quantum Gates for Superposition, Entanglement, 
and Interference Creation. 

6. Quantum Algorithms Structures. Physical Limitations of Quantum Algorithms. 
7. Quantum Search Algorithms and Its Quantum Gate Realizations. Quantum Parallelism and Speed-Up 

of QC. 
8. Benchmark Examples of Quantum Algorithms. 
9. Quantum Complexity and Universal Quantum Turing Machine. Quantum Computational and 

Communication Complexity. Kolmogorov Algorithmic Entropy and Complexity. Computational 
Effectiveness of QC. 

10. Applications of Quantum Algorithms. Quantum Key Generation. Quantum Cryptography. Quantum 
Teleportation and Superdence Coding. 

11. Quantum Processors. Quantum Memory. Quantum Error-Correction Codes. Fault-Tolerant QC. 
Experimental Quantum Processors. 

12. Quantum Information Processing. Quantum Entropy and Information Amount Measures. Information-
Theoretical Aspects of Quantum Entanglement Measures. Information Bounds of Quantum 
Algorithms. 

13. Simulation of Quantum Algorithms on Classical Computers. General Design Structure of Quantum 
Algorithms. Benchmarks Simulation of Quantum Algorithms. 
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PREREQUISITI 
L’insegnamento viene tenuto in lingua inglese. 
Si richiede pertanto la capacità di comprendere l’inglese tecnico scritto e parlato. 


