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Quantum Software Laboratory

Team
• Michele Amoretti (PhD, Associate Professor, QSLab Director)
• Davide Ferrari (PostDoc)
• Michele Bandini (Research Fellow and PhD Student)
• Giacomo Belli (Research Fellow) 
• Marco Mordacci (PhD Student)

Main research interests
• Quantum algorithms
• Quantum compiling and gate synthesis
• Quantum protocols and quantum network applications
• Distributed quantum computing
• Quantum machine learning
• HPC/quantum integration and benchmarking

Projects
• Quantum Internet Alliance (QIA)
• National Quantum Science and Technology Institute (NQSTI)
• Advanced QUAntum MAchine learNing (AQUAMAN)
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Preliminary Concepts
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Entangled States

Sometimes it is not possible to decompose the state of an n qubit
quantum register in the tensor product of the component states. Such
states are denoted as entangled states (opposed to separable states).
Their measurement outcomes are correlated.

Example: Bell states (EPR pairs)
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Bell State Measurement

BSM is a crucial operation in quantum networking. The input of the
corresponding quantum circuit is a Bell state, while the output is a pair of
classical bits that reveal the nature of the input.

E.g., if the input is j�00i, the output is 00.
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Quantum State Teleportation

“Once you disembody the state of one of particle, you can then recreate
the particle in remote copy.”
Charles Bennett, co-author of the first paper on quantum teleportation

The two top lines of the quantum circuit represent Alice’s system.
The bottom line represents Bob’s system.
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Entanglement Swapping
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Quantum Gate Teleportation

Quantum gate teleportation (also known asTeleGate) enables a direct
gate between physical qubits stored at di�erent processors without the
need of quantum state teleportation, as long as a Bell state is distributed
through the quantum link.
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Distributed Quantum Computing
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Distributed Quantum Computing

For most practical applications,quantum algorithms require large
quantum computing resources.

For example, Shor's algorithm for integer factorization:

based on the Quantum Fourier Transform (QFT)

factoring L = 2048 bit primes, requires about 3L = 6144 noise-free
qubits
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Distributed Quantum Computing

The growing demand for large-scale quantum computers is motivating
research on distributed quantum computing (DQC) architectures.
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Distributed Quantum Computing

In this talk, we consider the followingDQC workow :
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Quantum Compiling for DQC

Quantum Compiling : translating an input quantum circuit into the most
e�cient equivalent of itself, taking into account the characteristics of the
device that will execute the computation.

A quantum algorithm designer focuses on the logic of the quantum
circuit expressing the computation, regardless of the particulars of the
quantum hardware that will execute the circuit.

The abstract circuit must be mapped to a circuit to be executed on
a speci�c quantum hardware by means of a suitable compiler.

In general, the quantum compilation problem is NP-Hard.
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Quantum Compiling for DQC

An abstract circuit is composed bylogical qubits , while a quantum
processor is equipped with a register ofphysical qubits.

A qubit assignment , in its most basic form, is a one-to-one mapping
between logical and physical qubits.

D. Ferrari, I. Tavernelli, M. Amoretti, Deterministic algorithms for compiling quantum circuits
with recurrent patterns, Quantum Information Processing, vol. 20, no. 6, 2021

D. Ferrari, M. Amoretti, Noise-Adaptive Quantum Compilation Strategies Evaluated with
Application-Motivated Benchmarks, Proc. of the 19th ACM International Conference on
Computing Frontiers, Turin, Italy, 2022
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Quantum Compiling for DQC

In DQC, for a given set of logical qubits, we need to choose a partition
that maps sub-sets of logical qubits to processors, while minimizing the
number of required interactions among di�erent sub-sets.
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Quantum Compiling for DQC

A key requirement for distributed quantum computing is the ability to
performnon-local operations.
To this purpose, we exploit entanglement, namelyBell states (EPR pairs).
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Worst-case Architecture

D. Ferrari, A. S. Cacciapuoti, M. Amoretti and M. Cale�, Compiler Design for Distributed

Quantum Computing, IEEE Transactions on Quantum Engineering, vol. 2, pp. 1-20, 2021

In this work, we proposed an e�cient compiler for DQC, considering the
worst-case DQC architecture .

Only one data qubit is available at each QPU

QPUs are interconnected through a one-dimensional nearest-neighbor
topology

Overhead induced by any real-world architecture will be
upper-bounded by the communication overhead induced by the
worst-case architecture
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