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Quantum gate decomposition

timelines of the qubits

quantum program (unitary)
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Quantum gate decomposition

The gate decomposition is a two-fold problem of

Combinatorial problem of placing the gates

Optimization problem of the continuous parameters

How to measure the distance from the quantum program U?



How close is an approximation to the exact one?

Hilbert-Schmidt test

exact evolution: U approximate evolution: V

average taken over the Haar 
distribution

The fidelity of the approximation:

The cost function of the optimization:

dimension of the 
Hilbert-space

exact decmposition: 



How close is an approximation to the exact one?

Frobenius-norm based fidelity

The cost function of the optimization:

"Best Approximate Quantum Compiling Problems"
Liam Madden (University of Colorado), 
Andrea Simonetto (IBM Research Ireland)

arXiv:2106.05649

The Fidelity:



Optimized quantum circuit synthesis

How to find a more optimal gate decomposition?
fewest gate count?
smallest depth?

Available gate decomposition utilities:

Quantum Fast Approximate Synthesis Tool (QFAST) 
QSearch + LEAP 
(Lawrence Berkeley National Laboratory)

UniversalQCompiler (incorporated into QISKIT) 
(ETH Zürich, University of York, TUM)

T|ket>: A Retargetable Compiler for NISQ Devices
(Cambridge Quantum Computing Ltd., University of Strathclyde



Heuristics for Quantum Compiling with 
a Continuous Gate Set (QSearch)

A* Search Strategy
partial solutions in graph nodes
f(n): cost function of node n

a) Optimization of continuous 
    parameters in U3 gates

b) Combinatorial optimization problem
    of gate structure



Quantum Fast Approximate Synthesis
 Tool (QFAST)
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Adaptive quantum gate decomposition
 (SQUANDER)
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 SQUANDER vs QFAST vs QSearch

a) In the benchmark we tested the decomposition of 3, 4 and 5-qubit
unitaries from online database containing series of circuits 
published as part of the Qiskit Developer Challenge, 
a public competition to design a better routing algorithm.

b) quantum circuits of well known algorithms:
Grover search, 
Quantum Fourier Transformation (QFT)
Quantum Approximate Optimization Algorithm (QAOA),
Quantum variational eigensolver (VQE) 



Gate synthesis benchmark

optimization error:



Gate synthesis benchmark

optimization error:



 SQUANDER benchmark

In the 21% percent of the experiments SQUANDER 
decreased the number of the CNOT gates by more than 50% 

In 68% of the examples the compression was more than 10%.

In exchange of larger execution time...



 Conclusions and outlook

We have designed an adaptive circuit compression algorithm
providing the fewest gatecount in the decomposition. 

Aiming to reduce the execution time by:

Using first order optimization method

Make faster the evaluation of the cost function using 
data-flow engines.

(currently second-order BBFG method is used)
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