






The challenge of  quantum computing

1) Qubits must interact strongly with one another in order to elaborate 
information 

2) Qubits should not interact with the environment  

3) We must have full control on the interaction between the qubits and full 
measurement capability 
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1) Qubits must interact strongly with one another in order to elaborate 
information 

2) Qubits should not interact with the environment  

3) We must have full control on the interaction between the qubits and full 
measurement capability 

Quantum error correction - several sophisticated schemes 

Scalability possibile if  errors below some thresholds 

Very large overhead of  the number of  qubit and number of  gates 

How to address noise?















In order to achieve quantum supremacy/advantage the following key 
ingredients are necessary:  

1) To identify a computational problem whose complexity scales 
exponentially with classical hardware but only polynomially when using quantum 
devices  

2) Classical benchmarking: to address this problem with the best classical 
algorithm so as to find the threshold to be beaten for a claim of  quantum advantage 

3) Experimental implementation: to implement the quantum instance on a 
system large enough to surpass the classical threshold 

4) Validation: to develop suitable tools to validate the correctness of  the output.

Quantum supremacy:  
How to device an experimental demonstration?





































































COMPUTER SCIENCE  

The extended Church–Turing thesis asserts that any ‘reasonable’ model of  computation 
can be efficiently simulated by a Turing machine.  

These experiments suggests that finally the quantum computation 
violates this assertion. 

PHYSICS 

Quantum works for complex systems: : no additional decoherence physics  
observed when increasing the number of  qubits  

Capability to handle a huge Hilbert space  

QUANTUM ENGINEERING 

Development of  large quantum hardware with high performances                      
Possibility to implement quantum error correction - no unexpected 

limitation on the scaling 

Why is these experiments are significant?








