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Trapped-lon Quantum Computing

Architecture choices

1. Only shuttling R

2. Addressing + shuttling
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- Number of qubits in processing zones
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in parallel

Optimal movement for all qubits




Two-Dimensional Compiler
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Schoenberger & Wille, Orchestrating Multi-
Zone Shuttling in Trapped-lon Quantum
Computers, arXiv:2505.07928 (2025).
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Two-Dimensional Compiler

Performance metrics:

—_—
.

Number of junction shuttles:

Reduction of movement of each qubit

2. Number of timesteps that can be executed
in parallel

Optimal movement for all qubits

Schoenberger & Wille, Orchestrating Multi-
Zone Shuttling in Trapped-lon Quantum
Computers, arXiv:2505.07928 (2025).

Challenge:

Compare 1D- to 2D metrics
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Case Studies

Setup 1 Setup 4

1. Scaling of computational overhead with system e Sl R e SadlR e e

size: l l l

- Variation of #qubits in processing zones

- Variation of #processing zones Setup 2

* Variation of trap dimension (1D vs. 2D)

* Using random circuits I I
Setup 3

4> 00000000 > 00000000 > 00000000 >

H u
/ vary grid size
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Case Studies

Setup 1 Setup 4

1. Scaling of computational overhead with system e Sl R e SadlR e e
size: O O o

- Variation of #qubits in processing zones
- Variation of #processing zones Setup 2
* Variation of trap dimension (1D vs. 2D)

00000000 <+ 00000000 <> 0000OCOCOCO

* Using random circuits l I

2. Comparison using logical teleportation Setup 3
circuit (structured circuit):

1D. 4> 00000000 > 00000000 > 00000000 >

 Variation of #processing zones

 Variation of #qubits in processing zones
o 2D Memory

+ Variation of #processing zones

Mainz, AG Schmidt-Kaler
_]G‘U www.quantenbit.de



Presenter-Notizen
Präsentationsnotizen
bigger


Random Circuits
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Random Circuits
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Random Circuits
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Random Circuits
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Random Circuits — Cost Scaling

1D architectures

2D architecture (combined grids)
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Random Circuits — Time Scaling

1D architectures

2D architecture (combined grids)
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Random Circuits — Time Scaling

1D architectures 2D architecture (combined grids)
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Logical Teleportation - Results

Teleportation: 1D vs 2D (bar comparison)
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Logical Teleportation - Results

Teleportation: 1D vs 2D (bar comparison)

4275 E #pz: 1, #qb: 2
H #pz: 1, #qb: 10
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3552 #pz: 2, #qb: 2
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Setups

—) Comparable number of Junction Moves (2D) and SWAPs (1D)

—) Poor Comparability between metrics
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Logical Teleportation - Results

Teleportation: 1D vs 2D (bar comparison) 1D architectures 2D architecture (combined grids)
4375 mm #pz: 1, #qb: 2 @ #pz: 1, #qb: 2 Grid s
m #pz: 1, #gb: 10 80007 . o. #pz: 1, #gb: 10 1.0 33
4000 + B #pz: 2, #qb: 10 ~@- #pz: 2, #qb: 10 @ 4x4
3552 #pz: 2, #qb: 2 -@- #pz:2, #qgb: 2 5%5 .
a.
2268 E #pz: 1, #qgb: 2 4@ 6x6 e
@ mm #pz: 2, #qgb: 2 @ 6000 4 b - A
2 3000 mm #pz: 3, #qb: 2 z o e
= . . = .
- #pz: 4, #qb: 2 < .
S S .
2 2 4000 4
E] =] A
= 2000 - = N
& & s
N )
2000 - »"
. . K ]
1000 - 26 S0 e ¢
o® ¢ . .t oe®
557 PPN R see®
o8® PR voe®™®
0] eo-ooeeangbied
0- T T T T T T T T T T
1 2 3 4 5 6 7 8 0 10 20 30 10 15 20 25 30 35 40' 45 50
Setups Number of qubits Number of qubits

Comparable number of Junction Moves (2D) and SWAPs (1D)

Poor Comparability between metrics

Structured Circuit yields lower cost for both 1D and 2D
for most setups
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Summary

Goal: Connect computer scientists with trapped-ion
gquantum computing experts 16|y

sonannes GUTENBERG
UNIVERSITAT MAINZ

- Trapped-ion quantum computing introduction

Synthesis Mapping Scheduling

- Compilation for trapped-ion quantum computing "

- Shuttling optimisation
- Two compilers: One- and two-dimensional

- Scaling of cost metric for different architectures and
different types of circuits

- Allows benchmarking architecture design without having to
physically build them

- Consider benchmarks in the building process

ooooo

£ woo

1D arc 2D architecture (combined grids)
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