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QUANSCIENT The platform

Physics simulation, reimagined

A cloud-native multiphysics platform built for the Al era. Company
Headquartered in Tampere, Finland, and trusted across Founded 5021
industry and academia.
Funding raised $20M+
Team ~40 people
O k| utra iﬁneon [?Atomic “unmec S a zb ;’
Authority Nationalities 15
Proxima
SN Companies using the product 100+
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QUANSCIENT The platform

Al has transformed every field it’s
touched — except one

<1

of the design space ever gets explored.

Hardware engineering still looks almost exactly the way it did
in 2019.

The tools are accurate, but slow and desktop-bound — so
teams test a handful of designs and ship.
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QUANSCIENT

01 The platform

Al narrows the search, the solver certifies the answer

High-fidelity simulation generates the data, Al explores it at scale, and the solver validates
what Al proposes — one loop that sharpens with every pass.

Simulate

Train a surrogate Explore the design space

Run thousands of high-fidelity
multiphysics simulations.

Validate
Learn a fast model from the simulation

Millisecond predictions across thousands
data.

of designs.

Certify the promising candidates with the
full solver.

Quanscient - Introduction

04 /27



QUANSCIENT 01 The platform

Three architectural capabilities

Each one removes a different ceiling — compute, control, and the ability to learn
from your own results.

Compute Programmatic control Multiphysics Al

Run natively coupled multiphysics in the cloud — with no

Drive every simulation from Python and automate the
license or hardware ceiling.

Train physics-aware models on your output for millisecond
workflow end to end.

predictions.
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QUANSCIENT The platform

The question your team can ask is
changing

Take away the compute and license ceiling and simulation

Validation
stops being a final check. It becomes the way you search

“Does it work?”
for the best design in the first place.

Exploration
“What is the optimal design?”
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QUANSCIENT 02
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QUANSCIENT 02 Quantum CFD

Modern engineering runs on fluid
simulation

— Aerospace, automotive and maritime design depends on
accurate fluid dynamics.

— Classical solvers hit a hard ceiling on the largest
models.

— Physical prototyping is slow and expensive. Full-aircraft CFD

The turbulent wake resolved across the airframe.
— Less than 1% of the design space ever gets explored.
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QUANSCIENT Quantum CFD

Simulation hits a wall at scale

The ceiling

Wind-tunnel testing Direct numerical simulation of a full aircraft

$10-40M 01 8

$50_1 5Ok / hr grid points for spatial resolution alone. Add time and it
Months climbs to roughly 102« — beyond any foreseeable
classical supercomputer.

Slow, expensive, and limited to a handful of design points.
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QUANSCIENT Quantum CFD

Each qubit doubles the reachable
grid

50qubits
“10"

grid points

50 qubits encode roughly 10+ grid points. Every additional
qubit doubles what you can represent — linear hardware
growth, exponential simulation reach.
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QUANSCIENT

Run on real quantum hardware

A first end-to-end fluid simulation executed on a current-generation quantum
processor.

01 - Hardware 02 - Setup

IBM Heron R3 Airfoil-like obstacle

A 156-qubit superconducting processor — current An 8x8 lattice, fluid flowing past a rectangular
generation, NISQ-era. obstacle, simulated for 15 timesteps.

8 - |
zero boundary

6 — [

inlet 4 - outlet

2

zero boundary
0
I
0 2 4 6 8

FI1GURE 14. Airfoil model setup.
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03 - Measured

P, Ux, Uy

02 Quantum CFD

Density and velocity, compared cell-by-cell against

the ideal classical result.
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QUANSCIENT

Quantum simulation matches the
iIdeal

p: abs. error
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absolute error on real quantum hardware —
density and velocity fields, cell-by-cell, against the
ideal classical result.
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QUANSCIENT

From 8x8 to 66,000 lattice points

time step =1
velocity

— Larger qubit counts on logical, error-corrected hardware.

— Algorithmic refinement of OSSLBM for deeper time-
stepping.

— Tight integration with classical pre- and post-processing in the
cloud.

— Validated benchmarks at industrially relevant Reynolds NACAO0012 airfoil — quantum LBM on an emulator, 66,000 lattice points.
numbers.
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QUANSCIENT

What this enables today

From NISQ today to quantum utility

— High-efficiency algorithms already running on noisy
hardware.

A clear path to full quantum utility in CFD and
multiphysics.

Each hardware generation reaches larger, more
realistic models.

Quanscient - Introduction

What’s next

Active pilots, first-mover position
Aerospace, automotive and maritime — pilots running today.
Co-develop quantum algorithms around your design

problems.

Build a roadmap before the technology curve
outpaces you.

Quantum CFD
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QUANSCIENT 03 Next step

A proven team and a low-risk way to start

Real traction, deep expertise, and a first step that costs you very little to take.

Traction Team Start here

20+ enterprise customers 40 people, 15 PhDs Run a pilot
Including 2 in the Fortune 100. Annual licenses Several companies founded across the team. Scope one of your hardest CFD problems, run it in
plus compute credits. the cloud, and compare against your current

setup.
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QUANSCIENT 04 Tutorial

A classic example of PDEs

1D Waveform Simulation

Op(x,t Op(z,t t = 0.00
pz,t) Op(z,t) _ -
ot ox
0.8 4
* p(z,t) - Density or Concentration, .
e D - Diffusion Coefficient, £
e u - Advection velocity, i
e x - Position, -
e t-Time
0.0 Y
0 2 4 6 8 10 12
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QUANSCIENT

1DQ2 Lattice Boltzmann Method

04 Tutorial

Lattice-based fluid simulation:- A discrete lattice describes points in space+ Each site encodes particle densities (left/right movers)- Particles evolve via sequential collision & streaming

Mathematical Formulation & Variables

1. Collision — relax populations toward a local equilibrium:

A JAN
‘ (f':q I f'v)a

fo=Ffo+ £l =3p(1+cou)

T

2. Streaming — shift each population one site in its own direction:

fo(z+1, t+1) = fo(z,t),

fi(z—1, t+1) = fi(z,1)
The macroscopic density is p = fo + fi

o At - Time step
v € {0, 1} - Velocity direction
f» - Particle population
¢, - Discrete lattice velocity
T - Relaxation time
e & - Equilibrium distribution function
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populations

1D Lattice Dynamics (Collision & Streaming)

collide — redistribute between directions

B right-movers fo =
left-movers f1 «

T T

N
o

=
(0
1

=
o

density p
=

o

lattice site
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QUANSCIENT 04 Tutorial

1DQ2 Quantum Lattice Boltzmann Method

QLBM Quantum Circuit Diagram

streamed
n—gr — X
State Preparation (N —m—
0. 0.632, 0.447, 0, 0, 0.516, 0.365, 0 l ||
X—

For this tutorial we will run the QLBM in a hybrid loop. Streaming is quantum,
collision classical.

Data Initialization: Encode the distribution as quantum amplitudes.

Evolve State: Streaming implemented on quantum hardware as a shift
operation.

Read-out: Estimate the evolved state by collecting experimental shots.

Collision: Executed classically in post-processing.

Iteration: Repeat the hybrid loop for X number of time steps.

Note: state preparation of arbitrary states is difficult. Scaling up requires advanced methods [1].

[1] O. Kerppo, W. Steadman, O. Niemimé&ki and V. Lahtinen, Minimizing entanglement entropy for enhanced quantum state
preparation, Phys. Rev. A 114, 032420 (2026)
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QUANSCIENT

Designing the experiment

Hardware details

Device
Qubit routing/mapping
Noise parameters

Calibration id

Simulation details

Noise model
(Sub)circuit depth/gate count
#shots

Circuit runtime

Outputs

Measurement counts -> probabilities

Observable expectation values

04 Tutorial

e T1/T2times

e Transpilation details

e (Sub)circuit depth/gate count
e etc. L2 error to target

Model parameters Distribution fit

(Tomography)
e #qubits

e Initial state (how to prepare it)
e Physics model parameters

e #time steps
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QUANSCIENT 04 Tutorial

Metrics, parameters, artifacts

Parameters Metrics Artifacts
e mode: statevector / shots e Transpiled circuit depth e Measured density history as json
e n_position: number of position qubits e State prep CX gates

e shots: number of shots per time step e Streaming CX gates

e n_steps: number of time steps e L2 error history

e tau
e Final L2 error
e u lat
] e Mean L2 error
e hoise model

e Mean fitted L2 error

number of repeats

e seed

e Final fitted L2 error .
e n_sites: size of the lattice noise levels

n_qubits: total qubits shot numbers

total runs

visualizations from runs as artifacts
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QUANSCIENT 04 Tutorial

Logging In practice

def log_trajectory(rho@, u_lat, steps, mode, shots=10_000, noise_2q=0. errors = np.zeros(len(history))
seed=None, tau=1.0, run_name=None):

"""Run one trajectory and record it as a single MLflow run.""" errors_fit = np.zeros(len(history))

n_sites = len(rhod) lattice = np.arange(n_sites)

n_position = int(np.log2(n_sites)) for k, (rho_k, ref k) in enumerate (zip (history, reference)):
reference = lbm_lattice(rho@, u_lat, steps, tau=tau) errors[k]l = np.linalg.norm(rho_k - ref_k)

with mlflow.start_run(run_name=run_name): . . . e .
n1flow. set_tags({++GIT TAGS, "mode": mode}) mass_k, fit_centre, fit_width = fit_gaussian(rho_k)

m1flow. log_params ({ fitted = wrapped_gaussian(lattice, mass_k, fit_centre, fit_width, n_sites)
"mode": mode, errors_fit[k] = np.linalg.norm(fitted - ref_k)
"n_position": n_position,
"n_qubits": n_position + 1,
"n_sites": n_sites,

"u_lat": u_lat, 11 1 .
upauts tay, mlflow. log_metrics({

"steps": steps, “final_12_error": round(float(errors[-1]), 5),
"shots": @ if mode == "statevector" else shots, "mean_12_error": round(float(errors.mean()), 5),
“noise_2q": noise_2q, "final_12_error_fitted": round(float(errors_fit[-1]), 5),
“noise_lq": noise_zq / 5, "mean_12_error_fitted": round(float(errors_fit.mean()), 5),
"seed": seed,
1 })
mlflow.log_dict({"history": history.tolist(),

psi@, _ = encode(rho@, u_lat) "reference": reference.tolist()}, "density_history.json")
mlflow. log_metrics(circuit_stats(psi0))

mlflow. log_metric("12_error", round(float(errors[kl), 5), step=k)

return history, errors
history = qlbm_trajectory(rho@, u_lat, steps, mode=mode, shots=shots,

noise_2q=noise_2q, seed=seed)
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QUANSCIENT

Tutorial: leveraging MLFlow for the D1Q2 experiment

A peek at MLFlow Ul

demo-experiment > Runs >

& s100000-n0.001-r0

Overview Model metrics

Description /

No description

Metrics (9)
Q Ssearch metrics

Metric

circuit_depth
cx_state_prep
final_l2_error_fitted
mean_|2_error_fitted
|2_error

cx_total
mean_|2_error
final_I2_error

cx_streaming

Quanscient - Tutorial

System metrics Traces Artifacts

Value

203

50

0.83366

0.76425

0.83481

109

0.75147

0.83481

59

Parameters (11)

Q) Search parameters

Parameter
seed
mode
n_position
u_lat
steps

tau
n_sites
noise_2q
shots
n_qubits

noise_1q

04 Tutorial

Value
100
noisy
5
0.4
40
1.0
32
0.001
100000
6

0.0002
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QUANSCIENT

Simulation details

Shot Configuration

Statevector simulation at 1k, 10k, and 100k shots. Shot noise
established in noiseless simulation. errors.

step O

Noise Estimation

Effect of noise to result estimated at 1e-3, 1e-4, and 1e-5 2q gate

= statevector (exact)

rho

2.00 A

1.75 4

1.50 A

1.25 4

1.00 -

0.75 A

0.50 -

0.25 -

(o]
A

. . . . . . . . . . . . . .

100,000 shots
1,000 shots

0.00

5 10 15 20 25
lattice site
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L2 error vs classical

Data Logging

All simulation metrics, parameters, and results systematically
logged with MLFlow.

Cumulative error across timesteps

04 Tutorial

6x1071

4%x1071

3x107% -

2x107*

107* ]

6x 1072

4 %1072

3x 1072

2%x1072 1

1,000 shots
=== 10,000 shots
100,000 shots

10

15

20
LBM step

25

30

35 40
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QUANSCIENT 04 Tutorial

Shot budget depends on noise

Scaling of error with gate noise

10° | g~ 1,000 shots
| =@ 10,000 shots

Empirically, mean error scales as 1A/N in the absence of gate : 100,000 shots
errors. | ===+ shot noise floor

Error Scaling

Hardware Constraints

Available hardware quality dictates the useful shot budget.

mean L2 error over trajectory

[
o
&

1073 104 10-3
two-qubit gate error rate
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QUANSCIENT

Shot budget decreased by fitting

Physics-Informed Fitting

By leveraging knowledge of the simulated physics, we can
significantly increase the quality of the result.

Fitting a gaussian pulse to the observed shots yields an

exceptionally high quality fit even at only 1k shots per time step.

Fit accuracy improved by up to 2.5x with 1k-10k shots, but no
benefit with 100k shots.

Key Post-Processing Insight

rho

step O

04 Tutorial

2.00 A

1.75 4

1.50 A

1.25 4

1.00 -

0.75 A

0.50 -

0.25 -

= = = = = = = = = = = =

classical LBM
® 1,000 shots
== gaussian fit to the shots

0.00

5 10 15 20
lattice site

Note: On larger lattices state tomography becomes prohibitively expensive. Experiment needs to be designed to give useful output in terms of global properties like energy, etc. Advanced tomography

schemes, for instance based on matrix product states, can be attempted.
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QUANSCIENT 04 Tutorial

Experiment tracking as a tool

Hardware Awareness Design you experiment Validate your use case

Be aware of hardware details to understand physical Single data points are not informative. Perform What kind of results can you expect? What is the cost

limitations and optimize execution. Increasing shots parameter sweeps systematically to find the trends. of running the experiment on hardware? How does

does not circumvent gate errors. Careful data logging pays off. the experiment scale with noise and the number of
qubits?
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Get in Touch

Thank you for your attention OS ka ri Ke rp pO y P h D
Quantum Researcher

Scope a pilot with us.

quanscient.com
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