QUASAR - QUantum Assembler For Star-topology ARchitectures

Abstract

As quantum processors and quantum technologies continue to scale, efficient
hardware-aware compilation is becoming increasingly important for the execution of
guantum algorithms and quantum sensing protocols on real devices. Central-spin
platforms, such as nitrogen-vacancy (NV) centers in diamond, are promising for both
guantum computing and quantum sensing. However, their star-topology connectivity
and asymmetric single-qubit gate costs make circuit compilation particularly
challenging and motivate architecture-specific approaches.

We present QUASAR (QUantum Assembler for Star-topology ARchitectures), a Python
package for compiling quantum circuits on star-topology devices. QUASAR supports
both gate-level and pulse-level compilation, generating optimized pulse sequences
for NV-center-based quantum computing and sensing applications. At the gate level,
building on the unitary decomposition of SQUANDER!, it combines bottom-up and
top-down synthesis strategies, to efficiently compile both shallow and deep circuits.
Compared with established compilers such as Qiskit!?), QUASAR can help reduce two-
gubit gate count and total pulse execution time while supporting circuits with up to 5
gubits in the benchmarks shown, with additional support for circuits up to 32 qubits
via partitioning. In addition, QUASAR supports gate set- and fidelity-aware
approximate compilation, allowing a controlled trade-off between circuit depth and
gate errors. These improvements are expected to reduce noise accumulation and
improve execution fidelity on real hardware.
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What does QUASAR do?
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QUASAR connects high-level qguantum circuits to hardware execution in three
stages. First, it uses the NV Hamiltonian and native gate set to precompute
optimized pulse implementations with Simphony. Next, it performs gate-level
compilation by rewriting the textbook circuit into a QPU-compatible form,
including native-gate decomposition, topology constraints, and gubit mapping.
Finally, it translates the compiled circuit into pulse sequences that can be
executed directly on the target QPU.

Features:
e 3 gatesets supported (DDrf - CROT gate, CPhase gate, fixed angle DDrf gate)
» Extra Pauli basis change circuits for arbitrary expectation value measurement
e Noise aware decomposition

Future plans:
e Noisy simulations during decompaosition
e Support for compilation beyond 5 qubits
» Gate-level fidelity aware decomposition
e Compilation for coupled NV-centers
e Extended noise aware compilation to 5+ qubits
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Noise Aware Compilation

To realize theoretical textbook quantum circuits on actual guantum hardware we need
to express them in a device native gateset and qubit-topology compliant

circuit. We can define a cost function distance F between the quantum circuit U

and the approximate device native V(0):

F(U,V(8)) = 5 [Tx(UV(6)

With this cost function we can optimize the parameters of V with numerical
optimizers (ADAM, BFGS). Increasing the number of parameters and entangling
gates lowers the cost function, however as we increase the gate count the actual
fidelity of circuits will lower due to noise despite the decomposition being
numerically exact (distances lower than 10%). To balance numerical accuracy against
noise-induced fidelity loss in deeper circuits, we introduce a noise-aware search
heuristic.

QUASAR’'s compilation process is built upon SQUANDER, a comprehensive unitary
decomposition package. This decomposition relies on fundamental two-gubit sub-
circuits known as templates; to determine their optimal placement, SOUANDER
employs a tree search algorithm that defines the circuit through its parent nodes

while simultaneously optimizing its parameters.
Demonstration of Noise Aware Compiling

Noise Aware Compilation:
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Benchmarking QUASAR against Qiskit

Compiling for the DDrf gateset up to 5 qubits:

Two-qubit gate count: QUASAR vs Qiskit
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QUASAR reduces the two-qubit gate count by 62.8% and circuit execution
by 62.9% on average compared to Qiskit.
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