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What is quantum lookup table

It stores classical data and allows queries to be made in superposition

It is a general-purpose architecture for the implementation of unstructured quantum oracles



Why quantum lookup table?
Most quantum algorithms are naturally phrased as oracle query algorithms

- Oracle provides description of Hamiltonian in quantum simulation

- Oracle encodes classical datasets into quantum state in quantum machine learning 

Essential to achieve quantum computational advantage

- Quantum state preparation is expensive; the overhead may negate the quantum advantage



Prior arts

Fan-out

QRAM

QROM
SELECT-SWAP



Fan-out architecture

Nielsen, Michael A., and Isaac L. Chuang. Quantum computation and quantum information. Cambridge university press, 2010.

• Linear infidelity



Bucket-brigade (QRAM) architecture

Giovannetti, Vittorio, Seth Lloyd, and Lorenzo Maccone. "Architectures for a quantum random access memory." Physical Review A 78, no. 5 (2008): 052310.

Hann, Connor T., Gideon Lee, S. M. Girvin, and Liang Jiang. "Resilience of quantum random access memory to generic noise." PRX Quantum 2, no. 2 (2021): 020311.

Low query time 𝑂(log 𝑁)

• Low infidelity 𝑂(log2𝑁)

High T-gate count: 𝑂(𝑁)

CSWAP router



Bucket-brigade (QRAM) circuit

Hann, Connor T., Gideon Lee, S. M. Girvin, and Liang Jiang. "Resilience of quantum random access memory to generic noise." PRX Quantum 2, no. 2 (2021): 020311.

• All-to-all connectivity assumption

• Assume same gate error



QROM architecture

Low qubit count 𝑂(log 𝑁)

High query time 𝑂(𝑁)

• High infidelity 𝑂(𝑁)

High T-gate count: 𝑂(𝑁)

Linear router

Babbush, Ryan, Craig Gidney, Dominic W. Berry, Nathan Wiebe, Jarrod McClean, Alexandru Paler, Austin Fowler, and Hartmut Neven. 
"Encoding electronic spectra in quantum circuits with linear T complexity." Physical Review X 8, no. 4 (2018): 041015.



SELECT-SWAP architecture

CNOT router

Low, Guang Hao, Vadym Kliuchnikov, and Luke Schaeffer. "Trading T gates for dirty qubits in state preparation and unitary synthesis." Quantum 8 
(2024): 1375.

Sublinear qubit count 𝑂( 𝑁)

Sublinear query time 𝑂( 𝑁)

• Fixed high infidelity 𝑂(𝑁)

Sublinear T-gate count: 𝑂( 𝑁)



Summary of prior art

Can we drop the all-to-all assumption in the analysis?

Can we preserve the good properties from all these frameworks?



Our result

Planar layout 

Sublinear scalings for local connectivity

Fine-tuned error dependence

Unified framework

Extend to large word size



Planar layout for single CSWAP router



Planar layout for QRAM

This layout can be extended to our unified framework.



Ideal construction



Main result



Current progress in the field

How to benefit from qutrit/qudit.

How to do QRAM simulation on a real machine to gain better intuition.

If the distillation-teleportation’s bottleneck is classical, can we improve it to make it work?

Dream: 𝑂(log 𝑁) infidelity for planar layout. 
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