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Amplitude 
amplification 
algorithm

We obtain subquadratic 
quantum advantages for 
sparse Bayesian networks.

Quantum bayesian 
network states

+



A new Quantum Bayesian Decision-Making

Condition



A new Quantum Bayesian Decision-Making

Condition Solution
• We encode the BN but do not   

select an action
• We amplify the observation v. and 

the outcome v. based on their utility.



A new Quantum Bayesian Decision-Making

Condition

Consequence

Solution
• We encode the BN but do not   

select an action
• We amplify the observation v. and 

the outcome v. based on their utility.



A new Quantum Bayesian Decision-Making

Condition

Consequence Result
For sparse Bayesian networks, we obtain 
a subquadratic quantum advantage but a 
strictly larger advantage than naïve 
amplitude amplification.

𝐶
𝑄!"#$%

= 𝑛&! ,
𝐶

𝑄!%'
= 𝑛&"

Solution
• We encode the BN but do not   

select an action
• We amplify the observation v. and 

the outcome v. based on their utility.
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P

BPP

BQPShor’s algorithm prime factorization is conjectured to separate BPP 
from BQP. 

Main interest in quantum comes from the fact that these devices have computation complexity 
theoretic implications.

• In simple terms it means that there exist quantum algorithms with 
exponential advantages over any possible classical algorithm.

• Nevertheless, these quantum algorithms require large-scale fault-
tolerant quantum devices (1700 qubits, 10'( Toffoli gates). 

These algorithms (including Grover type search) are not within reach in the next years …
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Quantum advantage within NISQ or LISQ regime

P

BPP

BQP
Boson Sampling Random circuit sampling

Assuming the Polynomial Hierarchy does not collapse to the second level. -
+ Shallow depth small quantum devices.

- It is hard to verify their correctness in the presence of noise.

10)* 𝑦𝑒𝑎𝑟𝑠
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• This advantage is robust to noise and operates on qudit quantum 
devices.
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*If they could scale the number of qubits, they could realize our new quantum advantages. 



New Practically Motivated Quantum-Classical 
unconditional separations



New Practically Motivated Quantum-Classical 
unconditional separations



The Quantum Benchmarking problem



Quantum Benchmarks

- Algorithm agnostic

Quantum Benchmarks which test quantum 
devices should be: 



Quantum Benchmarks

- Algorithm agnostic

- Predictive 

Quantum Benchmarks which test quantum 
devices should be: 



Quantum Benchmarks

- Algorithm agnostic

- Predictive 

- Scalable 

Quantum Benchmarks which test quantum 
devices should be: 



Quantum Benchmarks

- Algorithm agnostic

- Predictive 

- Scalable 

- Hardware agnostic 

Quantum Benchmarks which test quantum 
devices should be: 



Quantum Benchmarks

Quantum Volume

- Algorithm agnostic

- Predictive 

- Scalable 

- Hardware agnostic 

Quantum Benchmarks which test quantum 
devices should be: 



Quantum Benchmarks

Quantum Volume

- Algorithm agnostic

- Predictive 

- Scalable 

- Hardware agnostic 

Quantum Benchmarks which test quantum 
devices should be: 

Misses to be predictive 
and scalable 



Quantum Benchmarks

Quantum Volume

- Algorithm agnostic

- Predictive 

- Scalable 

- Hardware agnostic 

Quantum Benchmarks which test quantum 
devices should be: 

Misses to be predictive 
and scalable 

Application-oriented 
benchmarks



Quantum Benchmarks

Quantum Volume

- Algorithm agnostic

- Predictive 

- Scalable 

- Hardware agnostic 

Quantum Benchmarks which test quantum 
devices should be: 

Misses to be predictive 
and scalable 

Application-oriented 
benchmarks

Misses to algorithm 
agnostic and predictive
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This work and its results gave origin to,

The quest for quantum advantage

My PhD thesis

which is 
composed of

New synthesis techniques  for 
shallow quantum circuits

A new quantum 
benchmarking protocol

Unconditional quantum advantages with shallow depth circuits



Thank you!



@IBM - A New Quantum Learning Algorithm
Understand how hard it is to learn an unknown process:

?

Focus:
– Sample complexity
– Accuracy of the learned hypothesis
– Run-timeX Y

? ∶ 𝟎, 𝟏 𝒏 → 𝟎, 𝟏

Learning arbitrary Boolean functions is an extremely hard problem!

Depth 1 Depth 2 Depth 3? ∶ We present a novel, state-of-
the-art quantum learning 
algorithm for PAC learning 
depth-3 circuits.

Q


