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Learning objective

After this talk, you should have an answer to：

1. What is data?
2. What quantum data systems do you want to build?
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Classical data
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Classical data

• Information that is collected, processed, and stored with traditional 
computing methods

• Often stored and queried using database management systems 
(DBMS) such as relational databases, document stores, graph 
databases, and vector databases 
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Database management system          Datenbank (DE)

•  A database management system, or DBMS, is software designed 
to assist in maintaining and utilizing large collections of data. 



Database management system

• Systems to store, manage and query the data

Data Database management systems Applications

[Härder & Rahm, 2001]
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From classical data to quantum data
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1) Quantum-native 2) Classical data encoded as states

Quantum data

Cerezo, M., Verdon, G., Huang, HY. et al. Challenges and opportunities in quantum machine 
learning. Nat Comput Sci 2, 567–576 (2022). https://doi.org/10.1038/s43588-022-00311-3

Hsin-Yuan Huang, Michael Broughton, Jordan Cotler, Sitan Chen, Jerry Li, Masoud 
Mohseni, Hartmut Neven, Ryan Babbush, Richard Kueng, John Preskill, et al. Quantum 
advantage in learning from experiments. Science, 376(6598):1182–1186, 2022.



Understanding quantum data
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Probabilistic Nature

𝜓 = 𝛼 0 + 𝛽 1

𝛼, 𝛽 ∈ ℂ with 𝛼 2 + 𝛽 2 = 1

Fragility

Quantum noise results from unwanted 

coupling with the environment.

Entanglement

Multiple qubits can be correlated such 

that measuring one immediately affects 

others. 

 



Noisy Intermediate-Scale Quantum (NISQ) 
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Rihan Hai, Shih-Han Hung, Tim Coopmans, Tim Littau, and Floris Geerts. Quantum data
 management in the NISQ era. PVLDB, 18(6):1720–1729, 2025



Quantum Database
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What can a quantum database do?

Quantum 
Database

How to design and implement a quantum database system?



From classical data to quantum data
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M. Weigold, J. Barzen, F. Leymann and M. Salm, "Expanding Data Encoding Patterns For Quantum Algorithms," 2021 IEEE 18th International 
Conference on Software Architecture Companion (ICSA-C), 2021, pp. 95-101, doi: 10.1109/ICSA-C52384.2021.00025.



From quantum data to classical data

• Qubit fate (0 or 1) determined upon measurement
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Private Quantum Database
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Quantum Random Access Coding Mutually unbiased bases

Core quantum technology

Gatti, Giancarlo, Floris Geerts, and Rihan Hai. Private Quantum Database. 
https://arxiv.org/abs/2508.19055.

https://arxiv.org/abs/2508.19055
https://arxiv.org/abs/2508.19055
https://arxiv.org/abs/2508.19055
https://arxiv.org/abs/2508.19055


Private Quantum Database
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Hybrid architecture

Gatti, Giancarlo, Floris Geerts, and Rihan Hai. Private Quantum Database. 
https://arxiv.org/abs/2508.19055.

https://arxiv.org/abs/2508.19055
https://arxiv.org/abs/2508.19055
https://arxiv.org/abs/2508.19055
https://arxiv.org/abs/2508.19055


Near-term Application 
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Gatti, Giancarlo, Floris Geerts, and Rihan Hai. Private Quantum Database. 
https://arxiv.org/abs/2508.19055.

• User privacy and data privacy

https://arxiv.org/abs/2508.19055
https://arxiv.org/abs/2508.19055
https://arxiv.org/abs/2508.19055
https://arxiv.org/abs/2508.19055
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Classical simulation

• The process of emulating quantum computation, enabling 
researchers to model and analyze quantum processes as if they 
were operating on actual quantum hardware

• A powerful, foundational tool 

25
Xiaosi Xu, Simon Benjamin, Jinzhao Sun, Xiao Yuan, and Pan Zhang. 2023. A Herculean task: 

Classical simulation of quantum computers. https://arxiv.org/abs/2302.08880



Simulation problem: scalability

• We can represent an n-qubit quantum state as a vector of size 𝟐𝒏
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Simulation problem: scalability
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• We can represent an n-qubit quantum state as a vector of size 𝟐𝒏

 



Simulation problem: scalability
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𝜓 = 𝛼0…0 0 … 0 + 𝛼1…1 1 … 1  =

𝛼0…0
𝛼0…1

 

…
 

𝛼1…0

𝛼1…1

Vector size: 𝟐𝒏

• We can represent an n-qubit quantum state as a vector of size 𝟐𝒏

 



Simulation problem: scalability

29

• How much memory in GB do we need?

2.25 petabytes for 48 qubits (single precision)

𝟐𝒏+𝟒−𝟑𝟎   

Double-precision (16 bytes) for 
complex numbers

Number of qubits

1 GiB = 230bytes

• Reaching the memory limits of today’s supercomputers



Efficient tensor computation: database to the rescue

Q1: Push the simulation workload to DBMSs?
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System Theory

Geerts, Floris, and Rihan Hai. "QC meet CQ: Quantum Conjunctive 
Queries." Proceedings of the 2nd Workshop on Quantum 
Computing and Quantum-Inspired Technology for Data-Intensive 
Systems and Applications. 2025.

Littau, Tim, and Rihan Hai. "Qymera: Simulating Quantum Circuits using 
RDBMS." SIGMOD. 2025.

Hai, Rihan, et al. "Quantum Data Management in the NISQ Era: 
Extended Version." arXiv preprint arXiv:2409.14111 (2024).

https://arxiv.org/pdf/2409.14111
https://arxiv.org/pdf/2409.14111
https://arxiv.org/pdf/2409.14111
https://arxiv.org/pdf/2409.14111
https://arxiv.org/pdf/2409.14111
https://arxiv.org/pdf/2409.14111


Databases to the Rescue: 
Classical-Quantum Simulation System
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Automatic Optimization

Providing the most efficient simulation by selecting optimal data 

structures and operations based on available resources and 

circuit properties.

Out-of-Core Operation

Supporting simulation of large circuits that exceed main memory 

capacity through efficient memory management.

Consistency & Recovery

Preventing data corruption and enabling recovery in the event of 

large-scale simulation crashes.

Workflow Improvement

Enhancing the entire simulation process, including parameter 

tuning, data collection, querying, exploration, and visualization.

At its core, a CQSS must be capable of evaluating quantum circuits, primarily involving tensor network operations.

Rihan Hai, Shih-Han Hung, Tim Coopmans, Tim Littau, and Floris Geerts. Quantum data
 management in the NISQ era. PVLDB, 18(6):1720–1729, 2025
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Joint Quantum-Classical 

• Can we use AI to solve quantum problems?

35

Example: Quantum circuit synthesis with diffusion models

Fürrutter, Florian, Gorka Muñoz-Gil, and Hans J. Briegel. "Quantum circuit synthesis with diffusion 
models." Nature Machine Intelligence 6.5 (2024): 515-524.



Development timeline
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Quantum 
Computing

Classical 
Computing

1947 1958 1964 1971

Development of the 
first transistor

Development of the 
first integrated circuit

Use in the first 
commercial product

First semi-conductor based 
industrial computer

2012 2021 2025-2028 2030+

Development of the first 
single atom  transistor

Development of first 
integrated circuit at 

the atomic scale

Development of the 
first commercially 

useful device

Error-corrected 
quantum processor



Summary: Quantum data management in NISQ era
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A privileged time in data management,
with many research problems awaiting exploration.



Join us
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Data systems for AI Data systems for quantum  

• How to join us?
▪ Thesis projects

▪ Honours programme

▪ Or simply, write me an email r.hai@tudelft.nl

https://www.tudelft.nl/studenten/ewi-studentenportal/onderwijs/honours-programme
https://www.tudelft.nl/studenten/ewi-studentenportal/onderwijs/honours-programme
https://www.tudelft.nl/studenten/ewi-studentenportal/onderwijs/honours-programme
mailto:r.hai@tudelft.nl


Q&A: Where do you want to start?
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1. What is data?
2. What quantum data systems do 

you want to build?
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