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PARITY TRANSFORMATION

The Parity Transformation

W. Lechner., P. Hauke, and P. Zoller. Sci. Adv. 1, e1500838 (2015).

« NP-hard optimization problems can be
formulated as Ising Spin-glasses.

» This formulation requires high connectivity.
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What are these constraints?

» This formulation requires high connectivity.
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LHZ Architecture: Summary
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- The LHZ architecture maps an all-to-all connected
spin model fo a spin model with only quasi-local
Interactions.

- The physical qubits encode the parity of the logical
qubits.
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- No long-range interactions but only local 3- or 4-
body couplings are necessary.

- The parity architecture requires nearest-neighbour
inferactions on a square lattice, regardless of the
qubit platform.
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Universal Parity Computing

Schematic Standard
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Schematic Implementation
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M. Fellner, A. Messinger, K. Ender, and W. Lechner, “Universal Parity Quantum Computing,”
Physical Review Letters, vol. 129, no. 18., Oct. 27, 2022. doi: 10.1103/physrevlett.129.180503.
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GENERAL SWAP-LESS PARITY METHOD

Computation is generating Parity labels

General method applicable to algorithms based on multi-qubit information processing

B. Klaver, S. Rombouts, M. Fellner, A. Messinger, K. Ender, K. Ludwig, and W. Lechner,
“SWAP-less Implementation of Quantum Algorithms,” 2024, arXiv. doi: 10.48550/arXiv.2408.10907
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GENERAL SWAP-LESS PARITY METHOD

Swap-less parity Quantum Fourier Transform
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QUANTUM FOURIER TRANSFORM

Parity QFT: Scaling
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PARITY ENVIRONMENT

Parity Twine Chain

Goal: implement all 2-body labels

CNOTs can be used to encode labels
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Parity Twine Chain

Goal: implement all 2-body labels
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Parity Twine: Square Grid
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Parity Twine: Square Grid

£, BH— ¢,
I, = o

“backbone”

only backbone

O—<€—o0 o
Y A Y
Q Q Q
Y A Y
O O—<€—oO

Due to increased connectivity we don’t always need a DCNOT! ‘

CNOT
2 P NL
= o-P-0
fl ® fl
lllegs”

backbone and legs

tr 056 OE 1
A A

b ég‘r’ < c:>€2
Y Y Y



PARITY ENVIRONMENT

Parity Twine: Square Grid
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Square Grid Parity Twine Chain

Saves 3 of gates compared to LNN
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Previous conjecture:

No advantage compared to linear connectivity!
J. Weidenfeller et al., Quantum 6, 870 (2022)
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PARITY ENVIRONMENT

Parity Twine: Square Grid

State of the art: SWAP networks Parity Twine
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A CASE STUDY: QUANTUM FOURIER TRANSFORM

Hardware realization (IQM Device)
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A CASE STUDY: QUANTUM FOURIER TRANSFORM

Hardware realization (IBM Heron)
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General Compilation
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Abstract—Mapping quantum approximate optimization algo-
rithm (QAQA) circuits with non-trivial connectivity in fixed-
layout quantum platforms such as superconducting-based quan-
tum processing units (QPUs) requires a process of transpilation
to match the quantum circuit on the given layout. This step is
critical for reducing error rates when running on noisy QPUs.
Two methodologies that improve the resource required to do such
transpilation are the SWAP network and parity twine chains
(PTC). These approaches reduce the two-qubit gate count and
depth needed to represent fully connected circuits. In this work,
a simulated annealing-based method is introduced that reduces
the PTC and SWAP network encoding requirements in QAOA
circuits with non-fully connected two-qubit gates. This method is
benchmarked against various transpilers and demonstrates that,
beyond speclﬁc connectivity thresholds, it achleves s1gmﬁcant

Cau DI ,l DOLII AIIAJ DALE DULI A1 C
surpassing the performance of Qiskit’s transpller at 1ts hlghest
optimization level. For example, for a 120-qubit QAOA instance
with 25% connectivity, our method achieves an 85% reduction

in depth and a 28% reduction in two-qubit gates. Finally, the
practlcal 1mpact of PTC encodmg is valldated by benchmarkmg

up to 20 qubits, compared to a 15- qublt limit when using SWAP
networks.

Index Terms—Parity Twine Chain, QAOA, Weighted MaxCut,
ibm_fez, Quantum Circuit Transpilation, SWAP Networks

(nondeterministic polynomial-time) complete [4]. Therefore,
efficient heuristic transpilation that minimizes the number of
gates needed is essential for executing algorithms on near-
term quantum devices. Connectivity constraints are typically
addressed by inserting SWAP gates, which introduce signifi-
cant noise since two-qubit gates such as CNOT or CZ-gates
are the most dominant sources of error [5], and_asthgle SWAP
gate is typically decomposed into three &OT gates.

A common technique for rgpeeSenting a fully connected
circuit using a 1D chain~of qubits layout is known as the
SWAP network_strategy [6]-[11]. It applies SWAP gates
between perghboring pairs in a brickwork pattern. At each time
steprThe logical qubits are moved around, creating temporg
connections between them. A recent novel approaetris the
use of parity twine chains (PTC) [12 his method has
shown a reduction in the number©Tf two-qubit gates and circuit
depth needed to epcedethe quantum approximate optimization
algorithm—€QAOA) [14] and the quantum Fourier transform

, [16].

In this work, PTC and SWAP encodings are compared
against selected transpilation frameworks, including the Qiskit
transpller w1th optnmzatlon level 3 (Qiskit-T), IBM Quan—

—w—— o o~
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optiaon level. or examle, for a 20-qbit QAOA insane
with 25% connectivity, our method achieves an 85% reduction

in depth and a 28% reduction in two-qubit gates. Finally, the
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Conclusion

Parity Architecture
Efficient general algorithm embedding on any

hardware layout

World-Record Synthesis of Quantum Algorithms
Reduced circuit depth and gate count

and improved process fidelity

without measurement or post-processing
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