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Moore’s law

Left: https://www.unite.ai/mooreslaw/, right: https://www.utmel.com/blog/categories/integrated%20circuit/is-there-a-limit-to-the-chip-process-node

?Enabled by changes in the computer technology

Enabled by technology improvements
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Components of a quantum ‘program’

memory

computation readout
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From bits to quantum bits

Classical bit

exclusive state 0 or 1

0 1

Quantum bit (qubits)

superposition of ȁ ۧ0 and ȁ ۧ1

ȁ ۧ𝜓 = 𝛼0ȁ ۧ0 + 𝛼1ȁ ۧ1
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Reading out quantum information

ȁ ۧ𝜓 = 𝛼0ȁ ۧ0 + 𝛼1ȁ ۧ1
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Superposition

ȁ ۧ𝜓 = 𝛼0ȁ ۧ000 + 𝛼1ȁ ۧ001 +
𝛼2ȁ ۧ010 + 𝛼3ȁ ۧ011 +
𝛼4ȁ ۧ100 + 𝛼5ȁ ۧ101 +
𝛼6ȁ ۧ110 + 𝛼7ȁ ۧ111
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Entanglement

Product of two qubits (= separable quantum state)

ȁ ۧ𝜓 = 𝛼0ȁ ۧ0 + 𝛼1ȁ ۧ1 ⨂ 𝛽0ȁ ۧ0 + 𝛽1ȁ ۧ1

= 𝛼0𝛽0ȁ ۧ00 + 𝛼0𝛽1ȁ ۧ01 + 𝛼1𝛽0ȁ ۧ10 + 𝛼1𝛽1ȁ ۧ11

Non-separable (= entangled) quantum state

ȁ ۧ𝜓 = 𝛾00ȁ ۧ00 + 𝛾01ȁ ۧ01 + 𝛾10ȁ ۧ10 + 𝛾11ȁ ۧ11

⨂
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Quantum gates – the assembly of quantum computers

Example

ȁ ۧ𝜓 = CNOT H⨂I ȁ ۧ0 ⨂ȁ ۧ0

= CNOT Hȁ ۧ0 ⨂Iȁ ۧ0

= CNOT 1

2
ȁ ۧ0 + 1

2
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Common pitfalls
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Common pitfalls – exponentially large ‘programs’

ȁ ۧ𝜓 = 𝑈ȁ ۧ0 𝑛 qubits

𝑂(𝑝𝑛) gates
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Common pitfalls – exponentially many readouts

𝑛 qubits

𝑂(𝑝𝑛) measurements
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Common pitfalls – probabilistic successes

𝑈ȁ ۧ𝜓 ȁ ۧ0 = 𝛿ห ൿ𝜓good ȁ ۧ0 + 1 − 𝛿ȁ ۧ𝜓bad ȁ ۧ1

ȁ ۧ0
ȁ ۧ𝜓 𝑈

1 0

…
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Common pitfalls – probabilistic successes

ȁ ۧ0
ȁ ۧ𝜓 𝑈

1 0

𝑈

1 0

𝑈 …

𝑈𝑚ȁ ۧ𝜓 ȁ ۧ0 = 𝛿ห ൿ𝜓good ȁ ۧ0 + 1 − 𝛿ȁ ۧ𝜓bad ȁ ۧ1
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Common pitfalls – probabilistic successes

𝑚 𝛿 = 0.9 𝛿 = 0.99 𝛿 = 0.999

10 0.349 0.904 0.990

100 2.66 ∙ 10−5 0.366 0.905

1,000 1.75 ∙ 10−48 4.32 ∙ 10−5 0.368

10,000 n/a 2.52 ∙ 10−44 4.52 ∙ 10−5

𝑈𝑚ȁ ۧ𝜓 ȁ ۧ0 = 𝛿ห ൿ𝜓good ȁ ۧ0 + 1 − 𝛿ȁ ۧ𝜓bad ȁ ۧ1
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Take-home lessons

ȁ ۧ0 + ෍

𝑖=1

2𝑛−1

0ȁ ۧ𝑖
unitary operations

෍

𝑖=0

2𝑛−1

𝛼𝑖ȁ ۧ𝑖
measurement

𝑖 with probability 𝛼𝑖
2

If quantum computing shall become the future of HPCSE we need to …
▪ … identify applications that cannot be solved (efficiently) with classical computers

▪ … develop algorithms that exploit the strengths of quantum computers (and avoid their limitations)

▪ … (most probably) change the workflows that were designed for classical computers
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Application #1: Computational fluid dynamics

Urban wind flow simulation of
Shenzhen city (LBM + LES)

DOI: 10.1137/23M1600797

𝑂(𝑁𝑄)

20 years

https://doi.org/10.1137/23M1600797
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Application #1: Computational fluid dynamics

Exploit exponential data 

compression in large-scale 

direct numerical simulations

𝑂(log2𝑁 + log2𝑄)

Is quantum computing 

a game changer?
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Application #2: Design optimization (not just for CFD)

Exploit quadratic speedup of quantum 

search algorithms in design optimization

Generated with airfoiltools.com

DOI: 10.1088/1742-6596/1519/1/012020

http://airfoiltools.com/airfoil/naca4digit
https://doi.org/10.1088/1742-6596/1519/1/012020
https://doi.org/10.1088/1742-6596/1519/1/012020
https://doi.org/10.1088/1742-6596/1519/1/012020
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Boltzmann equation (BE)

𝜕𝑓

𝜕𝑡
+ 𝒗 ∙ ∇𝑥𝑓 + 𝒂 ∙ ∇𝑣𝑓 = Ω 𝑓

free streaming

effect of external forces

redistribution by collision

ϱ 𝒙, 𝑡 = න𝑓 𝒙, 𝒗, 𝑡 𝑑𝒗

ϱ𝒖 𝒙, 𝑡 = න𝒗𝑓 𝒙, 𝒗, 𝑡 𝑑𝒗

distribution function

𝑓 𝒙, 𝒗, 𝑡
kg s3

m6

−1
𝜏 𝑓 − 𝑓eq
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From BE to the lattice Boltzmann method (LBM)

𝜕𝑓

𝜕𝑡
+ 𝒗 ∙ ∇𝑓 = Ω

discretize in velocity space

𝑓 𝒙, 𝒗, 𝑡

𝒗

3.4 Discretisation in Velocity Space 87
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Fig. 3.4 D3Q15, D3Q19andD3Q27velocity sets. Thecubedenoted by solid lineshasedgelength

2• x. Velocities with length jci j D 1,
p
2,
p
3 are shown in black, darker grey and lighter grey,

respectively. Rest velocity vectors c0 D 0 are not shown. Note that D3Q15 has no
p
2-velocities

and D3Q19 hasno
p
3-velocities. SeeTables 3.1, 3.4, 3.5 and 3.6 for more details

D3Q27wasdisregarded for a long timeas it wasnot considered superior to D3Q19

and requires40%morememory and computing power. Recently, it wasshown [18]

that some truncation terms, the (non-linear) momentum advection corrections, are

not rotationally invariant in D3Q15 and D3Q19, in contrast to D3Q27. This lack of

isotropy may lead to problemswhenever non-linear phenomenaplay an important

role, e.g. in the simulation of high Reynolds number flows [23–25]. Therefore,

D3Q27 is probably thebest choice for turbulencemodelling, but D3Q19 is usually

agood compromisefor laminar flows.

Asasidenote, therealsoexistsaD3Q13velocity set whichonly workswithin the

framework of multi-relaxation-timeLB (cf. Chap. 10) [26]. D3Q13 isanexampleof

alatticeexhibiting thecheckerboard instability [1] previously covered inSect. 2.1.1.

D3Q13 is the minimal velocity set to simulate the NSE in 3D and can be very

efficiently implemented onGPUs [27].

Wenow turn our attention to theprojection of velocity sets to lower-dimensional

spaces.

𝑓𝛼 𝒙, 𝑡 = 𝑓 𝒙, 𝒆𝛼 , 𝑡

discretize in space and time

𝑓𝛼 𝒙𝑖 , 𝑡
𝑛
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LBM

𝜕𝑓𝛼
𝜕𝑡

+ 𝒆𝜶 ∙ ∇𝑓𝛼 = Ω𝛼

collision of all 𝑓𝛼 at grid point 𝒙𝑖

𝑓𝛼
∗ 𝒙𝑖 , 𝑡

𝑛 = 𝑓𝛼 𝒙𝑖 , 𝑡
𝑛 + ∆𝑡Ω𝛼(𝒙𝑖 , 𝑡

𝑛)
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LBM

𝜕𝑓𝛼
𝜕𝑡

+ 𝒆𝜶 ∙ ∇𝑓𝛼 = Ω𝛼

streaming of all 𝑓𝛼 along direction 𝒆𝛼

𝑓𝛼 𝒙𝑖 + 𝒆𝛼∆𝑡, 𝑡
𝑛 + ∆𝑡 = 𝑓𝛼

∗ 𝒙𝑖 , 𝑡
𝑛
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LBM

𝜕𝑓𝛼
𝜕𝑡

+ 𝒆𝜶 ∙ ∇𝑓𝛼 = Ω𝛼

reflection or bounce-back boundary
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LBM

init collision streaming BC readout

repeat 𝑁𝑡 times
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Advantages of LBM over other flow models

1. Update moments and equilibrium distribution functions

𝜚 =෍
𝛼
𝑓𝛼 , 𝒖 =

1

𝜚
෍

𝛼
𝑓𝛼𝒆𝛼 , 𝑓𝛼

eq
= 𝑤𝛼𝜚 1 +

𝒖 ∙ 𝒆𝛼

𝑐𝑠
2 +

𝒖 ∙ 𝒆𝛼
2

2𝑐𝑠
4 −

𝒖 ∙ 𝒖

2𝑐𝑠
4

2. Collide

𝑓𝛼
∗ 𝒙𝑖 , 𝑡

𝑛 = 𝑓𝛼 𝒙𝑖 , 𝑡
𝑛 −

∆𝑡

𝜏
𝑓𝛼 𝒙𝑖 , 𝑡

𝑛 − 𝑓𝛼
eq

𝒙𝑖 , 𝑡
𝑛

3. Stream

𝑓𝛼 𝒙𝑖 + 𝒄𝛼∆𝑡, 𝑡
𝑛 + ∆𝑡 = 𝑓𝛼

∗ 𝒙𝑖 , 𝑡
𝑛

4. Apply boundary conditions

5. Repeat

linear & global 

nonlinear & local 

decoupled 
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Data encoding

Classical register

𝑓 𝑁𝑣 𝑁𝑥 𝑁𝑦 , 𝑁𝑣 = 9,𝑁𝑥 = 𝑁𝑦 = 8

𝑓 𝛼 𝑖 𝑗 ↦ 𝑓𝛼(𝑥𝑖 , 𝑦𝑗)

Quantum register

ȁ ۧ𝑣 ⨂ȁ ۧ𝑥 ⨂ȁ ۧ𝑦 , 𝑛𝑣 = log2 9 = 4, 𝑛𝑥 = 𝑛𝑦 = 3

ȁ ۧ𝜓 = ෍

𝛼,𝑖,𝑗

𝛾𝛼𝑖𝑗ȁ ۧ𝒆𝛼 ȁ ۧ𝑖 ȁ ۧ𝑗 , 𝛾𝛼𝑖𝑗 ∝ 𝑓𝛼(𝑥𝑖 , 𝑦𝑗)
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Data encoding

exponential data compression

Classical register

𝑓 𝑁𝑣 𝑁𝑥 𝑁𝑦 , 𝑁𝑣 = 9,𝑁𝑥 = 𝑁𝑦 = 8

𝑓 𝛼 𝑖 𝑗 ↦ 𝑓𝛼(𝑥𝑖 , 𝑦𝑗)

Quantum register

ȁ ۧ𝑣 ⨂ȁ ۧ𝑥 ⨂ȁ ۧ𝑦 , 𝑛𝑣 = log2 9 = 4, 𝑛𝑥 = 𝑛𝑦 = 3

ȁ ۧ𝜓 = ෍

𝛼,𝑖,𝑗

𝛾𝛼𝑖𝑗ȁ ۧ𝒆𝛼 ȁ ۧ𝑖 ȁ ۧ𝑗 , 𝛾𝛼𝑖𝑗 ∝ 𝑓𝛼(𝑥𝑖 , 𝑦𝑗)
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Sketch of the streaming operation

Our streaming primitive is based on Draper's quantum adder ("Addition on a Quantum Computer" 

'98) which is an in-place quantum adder for two integer values that works without auxiliary qubits

ȁ ۧ𝑏 ȁ ۧ𝑏

ȁ ۧ𝑎 ȁ ۧ𝑎 + 𝑏QFT†QFT '+𝑏'

1

2
ȁ ۧ0 + 𝑒0.𝑎3𝑎2𝑎1ȁ ۧ1 1

2
ȁ ۧ0 + 𝑒0.𝑏3𝑏2𝑏1ȁ ۧ1+
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Sketch of the streaming operation

ȁ ۧ𝑣 ȁ ۧ𝑣

ȁ ۧ𝑥 ȁ ۧ𝑥 ± 1QFT†QFT '+1'

ȁ ۧ𝑦 ȁ ۧ𝑦 ± 1QFT†QFT

'−1'

'+1' '−1'

If 𝑣 ∈ 1,5,8 then ȁ ۧ𝑥 → ȁ ۧ𝑥 + 1

CതCതCതC +1 ȁ ۧ𝑣 ȁ ۧ෤𝑥
CതCCതC +1 ȁ ۧ𝑣 ȁ ۧ෤𝑥
തCതCതCC +1 ȁ ۧ𝑣 ȁ ۧ෤𝑥

M. Schalkers, MM, Efficient and fail-safe quantum algorithm for the transport equation. JCP 502, 2024

0 1

2

3

4

56

7 8
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Specular reflection / bounce back boundary conditions

For all quantum states ȁ ۧ𝑥 𝑦 ? ? ? ? in the first inner layer of an obstacle

1. Place data back into flow domain

ȁ ۧ𝑥 𝑦 ? ? ? ?
CCCC[±1]

ȁ ۧ𝑥 ± 1 𝑦 ± 1 ? ? ? ?

2. Change velocity direction

ȁ ۧ𝑥 ± 1 𝑦 ± 1 ? ? ? ?
Perm

ȁ ۧ𝑥 ± 1 𝑦 ± 1 ? ′? ′? ′? ′

Obstacle detection

▪ Quantum comparator

M. Schalkers, MM, Efficient and fail-safe quantum algorithm for the transport equation. JCP 502, 2024
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Three grand challenges in quantum LBM

Complex geometries Nonlinear dynamics Running on NISQ hardware
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Zone-agnostic boundary conditions

Complex geometries

C. Georgescu, MM, Efficient implementation of complex geometries in quantum lattice Boltzmann methods. In preparation
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Collision à la Bhatnagar-Gross-Krook (BGK)

Nonlinear dynamics

𝑓𝛼
∗ = 1 − 𝜔 𝑓𝛼 +𝜔𝑤𝛼𝜚 1 +

𝒖 ∙ 𝒆𝛼

𝑐𝑠
2 +

𝒖 ∙ 𝒆𝛼
2

2𝑐𝑠
4 −

𝒖 ∙ 𝒖

2𝑐𝑠
4

linear nonlinear

▪ ignore collision → collisionless QLBM

▪ ignore nonlinear term → linearized QLBM

▪ approximate nonlinear term → QLBM
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Surrogate quantum circuits

Learn a low-depth, unitary approximation of the BGK operator that mimics its physical properties

𝑈 𝜃1, … , 𝜃𝑚

𝑓𝛼
∗

መ𝑓𝛼
∗

𝑓𝛼
M. Lacatus, MM, Surrogate quantum circuit design for the lattice Boltzmann collision operator, IJNME 127(4):e70286, 2026
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Physical properties of the BGK operator for D2Q9

Mass conservation

𝜓 =
1

𝜌
෍

𝛼

𝑓𝛼ȁ𝒆𝛼ۧ , 𝜌 =෍

𝛼

𝑓𝛼

Momentum conservation

Enforced weakly in the loss function

Scale invariance

Ω 𝜆 ∙ 𝑓𝛼 = 𝜆 ∙ Ω 𝑓𝛼 , 𝜆 > 0

Discrete velocity Velocity basis state

𝑓0 (0,0) ȁ ۧ0000

𝑓1 (1,0) ȁ ۧ0001

𝑓2 (0,1) ȁ ۧ0010

𝑓3 (−1,0) ȁ ۧ0100

𝑓4 (0,−1) ȁ ۧ1000

𝑓5 (1,1) ȁ ۧ0011

𝑓6 (−1,1) ȁ ۧ0110

𝑓7 (−1,−1) ȁ ۧ1100

𝑓8 (1,−1) ȁ ۧ1001

The remaining 7 basis states are unused and are assigned to the (0,0) velocity 

state, effectively contributing to the population 𝑓0, to ensure mass conservation
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Physical properties of the BGK operator for D2Q9

D8 equivariance

D2Q9 lattice is invariant under the dihedral group D8, 

i.e., the full symmetry group of a square (𝑟 = 90°
rotation and 𝑠 is a reflection):

D8 = 𝐼, 𝑟, 𝑟2, 𝑟3, 𝑠, 𝑟𝑠, 𝑟2𝑠, 𝑟3𝑠

BGK operator commutes with all group elements:

Ω 𝜎 ∘ 𝑓𝛼 = 𝜎 ∘ Ω 𝑓𝛼 ∀𝜎 ∈ D8

𝑟

𝑠
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Construction of the SQC

No entanglement

Single-qubit rotation layers

𝑅𝑥 𝜃 ⨂ 4

𝑅𝑧 𝜃 ⨂ 4

Axial entanglement Diagonal entanglement

Ising XX & ZZ entangling layers

Ising𝑥𝑥 = exp −
𝑖𝜃

2
𝜎𝑥⨂𝜎𝑥

Ising𝑧𝑧 = exp −
𝑖𝜃

2
𝜎𝑧⨂𝜎𝑧

M. Lacatus, MM, Surrogate quantum circuit design for the lattice Boltzmann collision operator, IJNME 127(4):e70286, 2026
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Training of the SQC

M. Lacatus, MM: Surrogate Quantum Circuit Design for the Lattice Boltzmann Collision Operator. arXiv: 2507.12256

M. Lacatus, MM, Surrogate quantum circuit design for the lattice Boltzmann collision operator, IJNME 127(4):e70286, 2026



Quantum

CFD Lab40M. Möller22-May-26

Training of the SQC

M. Lacatus, MM, Surrogate quantum circuit design for the lattice Boltzmann collision operator, IJNME 127(4):e70286, 2026
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Application of the SQC

Taylor-Green vortex decay: 64x64 grid, Re=50

Velocity magnitude Abs. error between exact and SQC operator

M. Lacatus, MM, Surrogate quantum circuit design for the lattice Boltzmann collision operator, IJNME 127(4):e70286, 2026
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Application of the SQC

Lid-driven cavity: 64x64 grid, Re=50

Velocity magnitude Abs. error between exact and SQC operator

M. Lacatus, MM, Surrogate quantum circuit design for the lattice Boltzmann collision operator, IJNME 127(4):e70286, 2026
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Application of the SQC

Taylor-Green vortex decay                                                          Lid driven cavity

M. Lacatus, MM, Surrogate quantum circuit design for the lattice Boltzmann collision operator, IJNME 127(4):e70286, 2026
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M. Lacatus, MM, Surrogate quantum circuit design for the lattice Boltzmann collision operator, IJNME 127(4):e70286, 2026

Application of the SQC

Lid driven cavity: Time evolution of the abs. error averaged over the domain
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Nonlinearity through measurement
▪ 𝑓𝛼

eq
is nonlinear in 𝒖

𝑤𝛼𝜚 1 +
𝒖∙𝒆𝛼

𝑐𝑠
2 +

𝒖∙𝒆𝛼
2

2𝑐𝑠
4 −

𝒖∙𝒖

2𝑐𝑠
4

▪ 𝑓𝛼
lin is linear in 𝒖

𝑤𝛼𝜚 1 +
𝒖∙𝒆𝛼

𝑐𝑠
2

▪ መ𝑓𝛼
eq

is computed by a unitary

𝑈(Θ)
1

𝜌
σ𝛼 𝑓𝛼ȁ𝒆𝛼ۧ

M. Lacatus, MM, Surrogate quantum circuit design for the lattice Boltzmann collision operator, IJNME 127(4):e70286, 2026
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Nonlinearity through measurement
▪ 𝑓𝛼

eq
is nonlinear in 𝒖

𝑤𝛼𝜚 1 +
𝒖∙𝒆𝛼

𝑐𝑠
2 +

𝒖∙𝒆𝛼
2

2𝑐𝑠
4 −

𝒖∙𝒖

2𝑐𝑠
4

▪ 𝑓𝛼
lin is linear in 𝒖

𝑤𝛼𝜚 1 +
𝒖∙𝒆𝛼

𝑐𝑠
2

▪ መ𝑓𝛼
eq

is computed by a unitary

𝑈(Θ)
1

𝜌
σ𝛼 𝑓𝛼ȁ𝒆𝛼ۧ

Measurement introduces nonlinearity

መ𝑓𝛼
eq

=෍

𝛽

𝑈𝛼𝛽
2
𝑓𝛽

linear

+ 2෍

𝛽, 𝛿
𝛿<𝛽

ℜ 𝑈𝛼𝛽𝑈𝛼𝛿
∗ 𝑓𝛽𝑓𝛿

nonlinear

M. Lacatus, MM, Surrogate quantum circuit design for the lattice Boltzmann collision operator, IJNME 127(4):e70286, 2026
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Running on NISQ hardware

QPU IQM Crystal 

20

IQM Crystal 

54

Qubit count 20 54

1Q fidelity 99.92% 99.93%

2Q fidelity 99.51% 99.5%

Q-volume 32 64

CLOPS 2600 2550

Q-score 15 24

IQM20

R: 1, CZ: 0, shots: 100.000, trials: 6

IQM54

R: 1, CZ: 0, shots: 100.000, trials: 6

Sim

initialization
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Running on NISQ hardware

QPU IQM Crystal 

20

IQM Crystal 

54

Qubit count 20 54

1Q fidelity 99.92% 99.93%

2Q fidelity 99.51% 99.5%

Q-volume 32 64

CLOPS 2600 2550

Q-score 15 24

IQM20

R: 227, CZ: 87

IQM54

R: 228, CZ: 85

Sim

1 timestep
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Running on NISQ hardware

QPU IQM Crystal 

20

IQM Crystal 

54

Qubit count 20 54

1Q fidelity 99.92% 99.93%

2Q fidelity 99.51% 99.5%

Q-volume 32 64

CLOPS 2600 2550

Q-score 15 24

IQM54

R: 441, CZ: 179

IQM20

R: 444, CZ: 176

111

Sim

2 timesteps
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Running on NISQ hardware

QPU IQM Crystal 

20

IQM Crystal 

54

Qubit count 20 54

1Q fidelity 99.92% 99.93%

2Q fidelity 99.51% 99.5%

Q-volume 32 64

CLOPS 2600 2550

Q-score 15 24

IQM20

R: 655, CZ: 270

IQM54

R: 647, CZ: 260

011 100

Sim

3 timesteps



Quantum

CFD Lab51M. Möller22-May-26

Running on NISQ hardware

QPU IQM Crystal 

20

IQM Crystal 

54

Qubit count 20 54

1Q fidelity 99.92% 99.93%

2Q fidelity 99.51% 99.5%

Q-volume 32 64

CLOPS 2600 2550

Q-score 15 24

IQM20

R: 1085, CZ: 442

IQM54

R: 1061, CZ: 435

Sim

5 timesteps
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Running on NISQ hardware

QPU IQM Crystal 

20

IQM Crystal 

54

Qubit count 20 54

1Q fidelity 99.92% 99.93%

2Q fidelity 99.51% 99.5%

Q-volume 32 64

CLOPS 2600 2550

Q-score 15 24

IQM20

R: 865, CZ: 357

IQM54

R: 855, CZ: 349

Sim

4 timesteps
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Quantum-enhanced design optimization

Exploit quadratic speedup of quantum 

search algorithms in design optimization

Generated with airfoiltools.com

DOI: 10.1088/1742-6596/1519/1/012020

http://airfoiltools.com/airfoil/naca4digit
https://doi.org/10.1088/1742-6596/1519/1/012020
https://doi.org/10.1088/1742-6596/1519/1/012020
https://doi.org/10.1088/1742-6596/1519/1/012020
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Quantum-enhanced design optimization

ȁ ۧM ȁ ۧ

C. Georgescu, MM, Quantum Search in Superposed Quantum Lattice Gas Automata and Lattice Boltzmann Systems, arXiv: 2510.14062
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Quantum-enhanced design optimization

ȁ ۧ7 ȁ ۧ

C. Georgescu, MM, Quantum Search in Superposed Quantum Lattice Gas Automata and Lattice Boltzmann Systems, arXiv: 2510.14062
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Quantum-enhanced design optimization

ȁ ۧ0 ȁ ۧ𝜓1BCCollide StreamIC

C. Georgescu, MM, Quantum Search in Superposed Quantum Lattice Gas Automata and Lattice Boltzmann Systems, arXiv: 2510.14062
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Quantum-enhanced design optimization

ȁ ۧ𝑀 ȁ ۧ𝑀

ȁ ۧ0 ȁ ۧ𝜓1BC1Collide StreamIC1 IC2 ICN BC2 BCN

fully in 
parallel

overlaps in 
parallel

overlaps in 
parallel

C. Georgescu, MM, Quantum Search in Superposed Quantum Lattice Gas Automata and Lattice Boltzmann Systems, arXiv: 2510.14062

Dürr-Høyer minimum-finding algorithm

Finds optimal configuration with 𝑁 queries (𝑁 queries classically) → quadratic speedup
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End-to-end implementation

𝑥 > 0.5

Goal: Find the initial configuration for which the relative density in the right half-plane is largest



Quantum

CFD Lab59M. Möller22-May-26

End-to-end implementation

ȁ ۧ00 ȁ ۧ01

ȁ ۧ10 ȁ ۧ11
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End-to-end implementation

1: 0 3: 1

2: 1 1: 1
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End-to-end implementation

1: 0 3: 1

2: 1 1: 1

Our quantum-search QLBM algorithm measures state 
ȁ ۧ11 with probability 1 on ideal and noise simulators.
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Take-home lessons, continued

If quantum computing shall become the future of HPCSE we need to …
▪ … identify applications that cannot be solved efficiently with classical computers

▪ … develop algorithms that exploit the strengths of quantum computers (and avoid their limitations)

▪ … (most probably) change the workflows that were designed for classical computers

Application: large-scale direct numerical simulation of fluid dynamics

Algorithm: quantum lattice Boltzmann method

Workflow: quantum-accelerated design optimization workflow

Is this enough to make quantum the future of HPCSE? We will see …
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Physics-informed neural networks (PINNs)

inputs outputs

weights

derivatives of outputs w.r.t.
to physical variables
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Quantum physics-informed neural networks (QPINNs)

inputs outputs



Quantum

CFD Lab67M. Möller22-May-26

Quantum physics-informed neural networks (QPINNs)

outputs

weights

inputs

𝑅𝑦(𝜙1 𝑋 )

𝑅𝑦(𝜙2 𝑋 )

𝑅𝑦(𝜙3 𝑋 )

𝑅𝑦(𝜙4 𝑋 )

embedding
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Quantum physics-informed neural networks (QPINNs)

basis

𝑏𝑖 𝑋

coefficients

𝑐𝑖𝑗 Θ 𝑓 𝑋, Θ =෍

𝑖,𝑗

𝑐𝑖𝑗𝑏𝑖
† 𝑋 𝑏𝑗 𝑋
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Our approach: Trainable embedding (TE-QPINNs)

𝜙𝑖 𝑋 = 2 arccos 𝑋𝑖 𝜙𝑖 𝑋 = 2𝑖 arccos 𝑋𝑖 𝜙𝑖 𝑋 = FNN𝑖 𝑋 ෨𝑋𝑖

S. Berger et al., Trainable embedding quantum physics informed neural networks for solving nonlinear PDEs, Sci. Rep. 15 (2025)
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TE-QPINNs applied to Burger’s equation

exact solution

S. Berger et al., Trainable embedding quantum physics informed neural networks for solving nonlinear PDEs, Sci. Rep. 15 (2025)
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TE-QPINNs applied to Burger’s equation

basis functions

S. Berger et al., Trainable embedding quantum physics informed neural networks for solving nonlinear PDEs, Sci. Rep. 15 (2025)
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TE-QPINNs applied to Burger’s equation

S. Berger et al., Trainable embedding quantum physics informed neural networks for solving nonlinear PDEs, Sci. Rep. 15 (2025)
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TE-QPINNs applied to incompressible NSE

S. Berger et al., Trainable embedding quantum physics informed neural networks for solving nonlinear PDEs, Sci. Rep. 15 (2025)
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TE-QPINNs applied to linear elasticity

van Mises
stress ⇒

Error in

𝑢 and 𝑣 ⇒

⇐ Loss

function
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