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QEst Hackaton: Hybrid use-
case compilation

Alvaro Caride
Customers solution engineer
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Full syste ms 
built

30+

Full syste ms  
sold

29

Cloud users
17,000+

HPC integrations
10

United States1

Finland8

Poland3
Germany7

Spain2

Italy2

Czech Republic1

Taiwan1

*Note: Small base size, n=14*Note: Small base size, n=14 

Japan2

South Korea1

**Sold; country to be announced**Sold; country to be announced

Brazil1

29 systems sold. 11 countries. 17 Delivered.

https://meetiqm.com/
https://thequantuminsider.com/2025/08/19/in-initial-stages-of-quantum-computing-commercialization-sales-stats-show-ibm-leads-in-quantum-deal-value-iqm-in-units-sold/
https://thequantuminsider.com/2025/08/19/in-initial-stages-of-quantum-computing-commercialization-sales-stats-show-ibm-leads-in-quantum-deal-value-iqm-in-units-sold/


Quantum Computers, 
Built for Real Impact

iqm.tech iqm.techOctober 263

IQM Develops Two QPU Topologies

Crystal
• Qubits and tunable couplers
• Fast parallel gates
• Nearest-neighbor connectivity
• Suitable for surface code

Star (cloud only)
• Qubits, tunable couplers, and     

computational resonator (central element)
• All-to-all connectivity
• Disallowed parallel gates
• Promising for qLDPC codes

https://meetiqm.com/
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Why combine quantum and supercomputing?

Quantum Supercomputing

QC + HPC

https://meetiqm.com/


Quantum Computers, 
Built for Real Impact

iqm.tech iqm.techOctober 265

Time

V
a
lu

e

NOWAsset 1 Asset 2 Asset 3 Asset 4

risky assets

Partner​: DATEV​

Product Portfolio Optimization

From a set of assets (such as stocks, bonds, or commodities) with a 

known historical value record, select a portfolio within a given budget 

to maximize returns while minimizing risks in the near term

QAOA can efficiently explore and optimize large solution spaces by 

leveraging quantum superposition, entanglement, and interference. 

Unlike classical algorithms, which evaluate solutions sequentially, 

QAOA simultaneously encodes and processes multiple candidate 

solutions, potentially offering faster convergence to optimal or near-

optimal results for complex problems like combinatorial optimization. ​

Define the problem as Quadratic Unconstraint Binary Optimization 

(QUBO) amenable to be solved with QAOA.​ We implement an 

optimized QAOA algorithm tailored to our HW. ​

Problem

Solution

Why 
Quantum

https://meetiqm.com/
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* Among 10% best portfolios

5 7 8 9

Noiseless

IQM Crystal

Competitor

Random Guessing

Partner​: DATEV​

Product Portfolio Optimization

Probability to find near-optimal portfolio, solved with our 

optimized QAOA and routing

→ Different number of assets (5,7,8,9) are considered. For 

each case, the budget is set to half the number of assets​ 

→ Data set provided by DATEV​ 

→ NP-hard problem

→ When run in IQM machines, our optimized QAOA 

solution is closer to the noiseless simulation than 

standard Qiskit QAOA run on competitor 

systems.  ​ 

→ Standard Qiskit QAOA on competitor systems 

offers a solution very close to uniformly random 

guessing

First 

results 
show

Executed on IQM Radiance Crystal 20

→ grid topology of the IQM quantum processing unit (QPU)

→ devising a specialized circuit for realizing the algorithm on IQM QPU

Clearly better results on IQM quantum due to

https://meetiqm.com/
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Power Plant Scheduling
The goal is to schedule the maintenance of a set of power plants for several years in the 
future.

01 The maintenance of every power plant has to be done 
regularly (e.g., once every 60 weeks)

02 The maintenance takes time (e.g., a week) during which 
the power plant is shut down

03 The maintenance can’t be performed at two power plants 
at the same time

04 Doing maintenance during low-demand season is 
preferred

https://meetiqm.com/
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QAOA Approach

1 Represent the problem as graph (nodes = individual 
schedules, edges = incompatibility)

2 Use QAOA to find maximum independent set (MIS)

3 MIS = valid schedule

https://meetiqm.com/
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X-axis: Graph size = number of schedules in the problem
Y-axis = probability of obtaining a correct solution after running the quantum circuit

Graph size
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Maximum independent set (MIS) of graph, solved with QAOA

→ MIS = largest subset of vertices without any edges 

between

→ Data provided by EDF 

→ NP-hard problem

→ When run in IQM machines, our QAOA solution is 

closer to the noiseless simulation than standard 

Qiskit QAOA run on competitor systems.  

→ Standard Qiskit QAOA on competitor systems 

offers a solution very close to uniformly random 

guessing

→ grid topology of the IQM quantum processing unit (QPU)

→ devising a specialized circuit for realizing the algorithm on IQM QPU

Clearly better results on IQM quantum due to

Partner: Électricité de France SA (EDF)

Power Plant Maintenance Scheduling​

First 

results 
show

Executed on IQM Radiance Crystal 20

Uniformly random guessing

Perfect simulation

Competitor system A

Competitor system B

IQM Crystal

https://meetiqm.com/
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Rolling Stock Rotation Planning
We are given a timetable. We need to plan the train routes to service all trips in the 
timetable.

01 All trips in the timetable have to be serviced.

02 A train needs to undergo regular maintenance.

03 The trains have to travel in cycles, so that the solution can 
be periodically extended.

04 The total distance travelled without passengers should be 
minimized.

https://meetiqm.com/
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The timetable contains 
190 trips

The trips cover 5 cities Munich, Berlin, Hamburg, Frankfurt, 
Cologne

Maintenance location 
and frequency

Hamburg, every 4000 km

Data

https://meetiqm.com/
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Hybrid QAOA-Based Algorithm
⇢ Enumerate all possible cycles that a train can take

⇢ Formulate the problem as a maximum-weight 
independent set (MWIS)
• Nodes = train cycles
• Edges = incompatible cycles

⇢ QUBO cost function

Weights of individual train cycles

Penalty for selecting two incompatible cycles

https://meetiqm.com/
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Hybrid QAOA-Based Algorithm
⇢ The resulting graph is too large for near-term 

quantum devices

⇢ We solve problem iteratively through a divide-
and-conquer technique
• Classical algorithm selects a subgraph
• Quantum computer finds a solution on the 

subgraph using QAOA
• The selected nodes and their neighbors are 

removed from the graph

https://meetiqm.com/
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Hybrid QAOA-Based Algorithm
⇢ The resulting graph is too large for near-term 

quantum devices

⇢ We solve problem iteratively through a divide-
and-conquer technique
• Classical algorithm selects a subgraph
• Quantum computer finds a solution on the 

subgraph using QAOA
• The selected nodes and their neighbors are 

removed from the graph

⇢ The algorithm is iterated until the entire graph is 
solved

⇢ The partial solutions are combined to form the 
global solution

https://meetiqm.com/
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Results
⇢ The result quality has large 

variance

⇢ Improving subgraph solver 
(e.g., more QAOA layers) 
improves the overall 
solution

⇢ Increasing subgraph size 
improves the overall 
solution

https://meetiqm.com/
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Towards simulation of 
next generation batteries

Lithium-air batteries have 5.0x theoretical energy density of Li-ion batteries

Battery materials are 
strongly-correlated

Approximations cannot capture the 
behavior of strongly-correlated systems, 
such as battery materials
Need to understand the reaction pathways

Computational cost too 
high for practical use

QC-AFQMC is a hybrid method that is a 
quantization of a promising classical 
method. While efficient, it is still too slow 
for any practical chemical system

Improved SOTA runtime 
estimates by 248x using 
LUMI supercomputer

Combining algorithmic and 
implementation improvements, we bring 
the projected runtime for a 100-orbital 
system down to a couple years from half a 
millennium

Largest demonstration of 
this hybrid method

Contextualize the work with a reaction 
pathway for lithium-air batteries that fitted 
to 40 qubits

arXiv:2606.19239

https://meetiqm.com/
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Why QC-AFQMC and 
HPC?
Most of the load of QC-AFQMC is expected to be on the 
classical portion

The workflow of QC-AFQMC lends itself to parallelization. 
The post-processing of the quantum data can be split across 
multiple cores for each walker at each time step

System size
Est. Quantum 

Runtime*
Est. Classical 

Runtime**

50 orbitals 5.5 days 1.1 weeks

70 orbitals 11.4 days 9.6 weeks

100 orbitals 19.8 days 1.8 years

…

~43% → ~3% of total runtime

arXiv:2606.19239
*Using one fault-tolerant quantum device **Using ten million cores

https://meetiqm.com/
https://meetiqm.com/


Quantum Computers, 
Built for Real Impact

iqm.tech iqm.techOctober 2621

Promising early results have been shown

Industrial Chemistry
200x increase in speed modeling 

of a complex molecule, Silane, 
using 42 QB

Solution Chemistry
Sophisticated modeling of proton 
transfer using intensive HPC and 

quantum resources

Material Science
Simulating the behavior of metal-

to-insulators transitions

https://meetiqm.com/
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Classical Computation using 
LAMMPS for coarse simulation 
of the background solvent

T. Weaving; T. M. Bickley; A. Mingare; M. Williams de la Bastida; S. Wan; M. Nibbi; P. Seitz; A. Ralli; P. J. Love; M. Chung; M. Hernández Vera; L. Schulz; P. V. 
Coveney. “Extending quantum computing through subspace, embedding and classical molecular dynamics techniques”, arXiv:2505.16796 (2025)

Combining the unique benefits of 
classical and quantum

Difficult to simulate classically, quantum 
methods excel here with each qubit 
representing one valence state

Active region:
16 qubit Hamiltonian

Environment region:
Density functional theory

https://meetiqm.com/
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IQM Q-Exa 20 device

DMRG

Hartree-Fock

QSCI

chemical accuracy

With respect to the exact 

energy, the data from Q-
Exa 20 device achieves 

“chemical accuracy” for 

some points along the 
proton transfer 

coordinate, and 

outperforms a DMRG 
solution at many step. 

T. Weaving; T. M. Bickley; A. Mingare; M. Williams de la Bastida; S. Wan; M. Nibbi; P. Seitz; A. Ralli; P. J. 
Love; M. Chung; M. Hernández Vera; L. Schulz; P. V. Coveney. “Extending quantum computing through 

subspace, embedding and classical molecular dynamics techniques”, arXiv:2505.16796 (2025)

Results

https://meetiqm.com/
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Try it out for free!
→ 30 free credits per month to use on as 

many jobs as you need

→ Access to IQM’s unique quantum 
computer topologies and learning 
resources

→ Limited-time access to our flagship 
Crystal 54 device for all Starter users

Sign up now

https://meetiqm.com/
https://resonance.meetiqm.com/signup
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