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QPU DBMS Architecture Integration
Overview on Quantum Computing

• Quantum processing units (QPU) explore
search spaces using quantum phenomena

• Ideal application: Query optimization,
which features large search spaces

• Further applications: ML [1], Simulation

Achieving QPU-DBMS Integration
• QPU imperfections limit current utility
• To facilitate DBMS-QPU integration, we

– show how to solve problems on QPUs
– analyze our approach for current QPUs
– derive criteria for DB-QPU codesign
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Quantum Optimization Algorithms

Quantum Approx. Opt. Algorithm (QAOA)
• Circuit for gate-based QPUs (e.g., IBM-Q)
• Hybrid quantum-classical algorithm:

– QPU: Parameterized state preparation
– CPU: Parameter optimization based on ⟨C⟩
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Quantum Annealing
• Determines minimum energy configuration
• Efficiently explores energy landscape using quantum

phenomena (e.g., quantum tunneling)
• Systems with ≈ 5 000 qubits provided by D-Wave Configuration
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Challenges and Limitations y
General Challenges

• Limited qubit numbers
• Problem encodings (e.g., QUBO) required
• Reproducing experiments [2]

Limited Qubit Connectivity
Opt. topology Real topology

Circuit Transpilation
Adding Swap Gates

Limited Coherence Time
• Decoherence:

Gradual decay of
quantum states

• Deeper circuits
increase execution
time and chance of
decoherence errors
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• The circuit depth is a crucial metric for
quantum computing feasibility

• Minimize required qubits and circuit depth:
– keep the encoding lightweight
– reduce the number of qubit interactions

Multi Query Optimization on D-Wave
Overview

• Goal: Minimize execution costs for a
batch of queries

• Valid solution: One plan per query
• Naive way: Choose locally cheapest

plan
• Better: Select plans with common

subexpressions

QUBO Reformulation
• Energy formula: ωLEL + ωMEM + EC + ES [3]
• QUBO terms for incentivizing valid and

optimal solutions:
– EL = − ∑

p∈P Xp

– EM = ∑
q∈Q

∑
{p1,p2}⊆Pq

Xp1Xp2

– EC = ∑
p∈P cpXp

– ES = − ∑
{p1,p2}⊆P sp1, p2Xp1Xp2

Solving MQO on IBM-Q QPUs
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• Solving multi query optimization (MQO) with QAOA on gate-based QPUs [4]
• Significant depth increase when transpiling circuits

Join Ordering Reformulation

Problem Classification
• General query graphs
• Left-deep join trees

• Support of cross products
• Min. intermediate cardinalities

• Mixed integer linear programming (MILP) reformulation [5]
• Approximate log. cardinalities: min ∑R−1

r=0
∑J−1
j=1 ctorjθr

• Approx./ validity constraints: cj − ctorj · ∞rj ≤ log(θr), ...

• Equality conversion: cj − ctorj · ∞rj + srj = log(θr)
• Variable discretization: srj ≈ ω ∑n

i=1 2i−1bi

• Transform the binary ILP (BILP) problem to QUBO [6]
• Energy formula: A ∑m

j=1
bj − ∑N

i=1 Sjixi

2 + B ∑N
i=1 cixi

Join Ordering Analyzed for QPUs
Findings

• IBM-Q QPUs so far only allow small scale
queries due to qubit limitations

• D-Wave systems support queries joining
up to 15 relations

• Large impact of an increased precision:
– Higher qubit consumption
– IBM-Q: Drastic depth increase
– D-Wave: Significant reduction of

problem sizes

Path to DB-QPU Integration
• Non-traditional problem implementations

(e.g., QUBO) required
• Subtle issues that are negligible for

classical CPUs may have a large impact on
quantum computing

• Qubit connectivity identified as a large
bottleneck for join ordering

• Not only qubit limits, but all bottlenecks
need to be addressed by future QPUs

IBM-Q Results
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D-Wave Results
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