
Training Workflow

￼  
Neural networks are trained in a supervised manner by 
using a collection of ingredients that are typical of the 
quantum computing paradigm:

• A quantum circuit ￼ 

• A QPU (noisy) backend ￼ 

• A raw (noisy) distribution of quantum measurements ￼ 

• A (ideal) distribution from state vector probabilities ￼ 


The output of a model is a new distribution ￼  or a 
correction ￼  to apply on top of the raw distribution ￼ .

The goal is to have ￼  and ￼  closer together, than ￼  and ￼  
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Data Collection from Simulations 
A simple task used to validate the workflow consists of 
generating the ingredients above using classical 
simulations.

 

We generate a large number of circuits with 5 qubits and a 
large variety of gate numbers using 2 structures:

• Random Circuits

￼ 

• Pauli Exponentials Circuits

￼  

We select 2 IBMQ 27-qubit devices, 
ibm_algiers and ibm_hanoi. We 
focus only on 5 qubits.


We collect their properties across a large time span and 
build simple noise models from those properties.

Raw (noisy) distributions, and ideal (noiseless) distributions 
of 20000 shots are simulated with AER for each circuit.

Data Collection from Real Devices 
We leverage Quantinuum NEXUS platform to orchestrate 
the compilation of more than 200K circuits and their 
submission to different IBM QPUs in the span of 3 months 
to collect real data. Each circuit is also simulated ideally 
with AER on NEXUS.


The data is evaluated based on 3 main criteria:

• How deep is the circuit?

• How noisy is the output distribution?

• How peaked is the noiseless distribution?

Deep Learning Training 
We select a baseline architecture, a Fully Connected 
Neural Network. We also use a Recurrent Neural Network, 
an Encoder (with attention), and 2 Transformers.


The models use the raw (noisy) distribution to inform the 
output.


￼ 

The performance depends on the model and on the 
number of layers. We also do transfer learning and fine 
tuning of the models from the simulated to the real data. 
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