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QUDORA's Core Technology
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NFQC Technology

* Near Field Quantum Control (NFQCQ)
 Chip integrated microwave source

« Two qubit gate fidelities > 99.9%



QCCD Architecture

N



Key Software Challenges

.L Optimize ion transport Enable hybrid computations

20 oo &
:0 Reduce Noise () Support common languages



Optimize lon Transport
COUPLED OPTIMIZATION PROBLEM

Publication: T. Schmale, et al. "Backend compiler phases for trapped-ion quantum computers.” (2022)



Enable Hybrid Computations
BRANCH EXPLOSION
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Enable Hybrid Computations \

BRANCH EXPLOSION

Just-In-Time (JIT) Ahead-Of-Time (AOT)

- Compilation during the coherence time - Introduce extra movements to

- Publication: T. Schmale, et al. "Real- reduce amount of branches
time hybrid quantum-classical
computations for trapped-ions with

Python control-flow.” (2023)
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Reduce Noise
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Qamelion Emulator
ADAPTIVE NOISE MODEL

Adjustable noise model for (2521 e
ﬁ NFQC technology i#1f] Mid-circuit measurements

------ . Decoherence effects o

"""" " during hybrid computations (_%3 Qiskit / QIR support
= . .
1 hour free trial #HER 29 Qubits

Avalilable soon at cloud.qudora.com



Support Common Languages
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Software Stack

FROM QIR TO TIASM
Applications

(%j Developer Suite QUDORA SDK

OpenQASM, Qiskit, QIR

d» Cloud QUDORA Cloud (cloud.qudora.com)

QR

Error Detection / Correction Encoding
Compiler Transpilation
(Y a
Optimizing lon Movements

TIASM

Controller

Runtime

@ Real-Time OS

TIASM Measurement results



QIR vs. MLIR

R

ALLIANCE

simple way to define dialects (like
- ,standard” way to encode quantum P y (

: : gccd instructions)
Instructions

: - semantic checks on IR level
- based on mature and widely used

- flexibility for high-level
LLVM infrastructure more flexibility for high-leve

, , , optimizations
- quantum instructions as function calls

- semantic checks via full-stack tests



The Software Team

Tobias Schmale Christian Staufenbiel Niko Trittschanke

Compiler Engineering, Quantum Algorithms Full-Stack Developer QEC, Emulator

Marius Schulte Hans Langehein

Compiler Engineering, Error Modeling Real-Time OS
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