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e 13 Papers e 2 Panels

e 7 Workshops e 3 Keynotes

e 3 Tutorials e 7 Invited Talks

e 5 Posters e 1 Special Issue in Journals
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Number of Citations

32
25
25
18
18

Quantum machine learning: Foundation, new techniques, and opportunities for database...
Constructing optimal bushy join trees by solving qubo problems on quantum hardware...
Opportunities for quantum acceleration of databases: opt. of queries and transaction schedules
Quantum machine learning for join order optimization using variational quantum circuits
Index Tuning with Machine Learning on Quantum Computers for Large-Scale Database...
Quantum data management and quantum machine learning for data management...

Hype or Heuristic? Quantum Reinforcement Learning for Join Order Optimisation
Quantum Join Ordering by Splitting the Search Space of QUBO Problems

ReJOOSp: Reinforcement Learning for Join Order Optimization in SPARQL

Supervised Learning on Relational Databases with Quantum Graph Neural Networks
QCE"24 Tutorial: Quantum Annealing - Emerging Exploration for Database Optimization
Quantum-Enhanced Transaction Scheduling with Reduced Complexity...

Utilizing Quantum Computing to Improve the Quality of Data

Optimizing Transaction Schedules ... Grover’s Search Algorithm

Avoiding Blocking by Scheduling Transactions Using Quantum Annealing

... Optimization of Transaction Schedules via Quantum Annealing...

in total
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Taxonomy of Scientific Contributions

Quantum Computing
for Data Management
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Importance of Collaboration

e Collaboration Workshop , Participants: Groups of
1. Prof. Jiaheng Lu (University of Helsinki, Finland)
2. Prof. Wolfgang Mauerer (OTH Regensburg, Germany)
3. Prof. Le Gruenwald (University of Oklahoma, USA)
4. Dr. Florian Preis (Quantum Brilliance, Germany)
5. Prof. S. Groppe (University of Liibeck, Germany)

e Collaboration Activities
- 5 Workshops: QDSM@VLDB 23/'24 , BIDEDE@SIGMOD23
, QData@SIGMOD24 ,
QData@SIGMOD'25

- 3 Tutorials: SIGMOD'23 , [IEEE QCE24 , ADBIS'25

- 7 Papers: ADBIS25 , IEEE QCE24 , SIGMOD'23 ,
QDSM@VLDB'23 , BIDEDE@SIGMOD23 , VLDB'23 ,
EAI ICISML22

e Other Collaborations:
- 2 Papers: QDSM@VLDB"24

IBDCC 8‘7‘
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Using Hardware Accelerator for optimizing
Queries / Transaction Schedules
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Importance of Transaction Scheduling for
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Transaction Scheduling

e Design choice: Fast quantum exact methods and good heuristics

for scalable optimization times
e Classical Average Makespan vs Runtime Limit

-Dynamicprogrammingl e L I E RS
Random Search | e D T
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Optimization
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Average values for 100 problem instances with 30 transactions, 4 cores and 0.5 conflict probability
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QML for Join Ordering

» Design choice: Predict best join order based on real execution
times
- can beat exact methods like dynamic programming (DP) based on EC
e Single-Step: Real-world queries
- join orders with faster execution than DP (2.8%) and GEQO (11.2%)
- close to classical ML like RTOS (6%) / best join orders (16.8%)

Multi-Step A < (B ), D B F 5
Single-Step 35
35
g8
Agent: , i S -
9 Multi-Step nx O Enwronmgqt £
ML model Single-Step 1x Inputs to join o=
(black box) g P (observation) | §$
S 06 vQc: i
o ——20 layer —10 layer
z VQC no cross join:
@ —— 20 layer — 10 layer
(state) 0.5 chfs_thrF()eSQL: ....... GEQO | |
Multi-Step A, B C, D <1 B, F 0 1,600 270‘00 3,600 4,600 5,600 6,600 7,000
Single-Step A, B, C, D, E. F Episode
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Join Ordering as QUBO Problem

e Design choice: Direct Join Costs
- Estimated costs for each join = better join order
- Runtime complexity O(Zm — m) with m relations to join optimal for join
ordering based on direct costs
= Classical runtime: O(3™ — 2™"1) using dynamic programming,
best exact: O (2™ - m?) [SK24]
e Real-world queries
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QML for Cardinality Estimation

» Design choice: Predict correction factor of a Cardinality Estimator
- Cardinality Predictor:PostgreSQLIMSCN|Hybrid Quantum Classical Network
- Cardinality Correction: Hybrid Quantum Classical Network

e Queries of JOB-light Benchmark

Cardinality Estimation QML model 16 : :
Cardinality Correction === PostgreSQL
Query 14 = MSCN (ML) 8
= Card. Est. (QML)
SELBOT 2n inputs 12 = Card. Corr. PostgreSQL |
n table ids === Card. Corr.(QML) MSCN
FROM ... o ey
WHERE .. n selectivities
VQC 5
n qubits 5
Table Ids 2™ Probabilities

Classical

1 real number

vQC
Qj Cardinality
| | |
0 2,000 4,000 6,000 8,000
Cardinality n=Max number tables Episode

Selectivities
Cardinalities
+Selectivities

Kipf et al. Learned cardinalities: Estimating correlated joins with deep learning, CIDR 2019 (£
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Transaction Scheduling Optimisation Server

Client 1 sends:

o, SELECT country \ / \ / = \
FROM circuits )
WHERE location = Germany; . E
Database
Client 2 sends: )
Transaction Schedule circuits results
O SELECT driverld __’ Optimisation _- I .
FROM results, status server:
WHERE results.statusid=status.statusid;
Execution time prediction )
N drivers status
Join order optimisation I .
lien nds: = .
Client 3 sends Transaction Scheduli

ng
O SELECT driverld 5& / k /

FROM drivers, results, status
WHERE results.statusid=status.statusid;

e Demonstrator

- fully quantum versus fully classical
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Demonstrator

e is publicly available at the Quantum Brilliance web-page...

Transaction Schedule Optimisation
Status of the server: idle

You may start the demonstration of either classical or quantum TSO server.

Start Classical Demo Stop Classical Demo Start Quantum Demo L Stop Quantum Demo

Client 1 TSO Server Database

& y )
No content available.

No content available. No content available.

Client 2
o

{5

No content available.

Client 3

&

No content available.
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