
arXiv:2602.16014



Started as a school research project. Initially,

11th grade students were looking for a consultant

in quantum physics. But got a consultant in

quantum computing.



Right at the start of the collaboration, students

let me know that would like to do some harder

task. I proposed to look up some interesting task

to solve with a Grover’s Search, and run the

algorithm on a real quantum computer.



Lights Out problem with specific task conditions.

Experiments for small instances on available IBM

quantum computers did not provide reliable

outcomes. The resulting problem was not NP-

hard.



We have to design the instances of the problem

that provide interesting outcomes on cloud

quantum hardware with free access.

Idea for the paper emerged – let’s benchmark

quantum hardware on the chosen problem.









- ibm_marrakesh (Heron r2, 2024)

- ibm_fez (Heron r2, 2024)

- ibm_torino (Heron r1, 2023)



2x2 lamps, on 9 qubits:

6 lamps, on 16 qubits:



- IQM Emerald (54 qubits)

- IQM Garnet (20 qubits)

- IQM Sirius (16 qubits)



2x2 lamps:

6 lamps:







SAT instance for 𝑞0 ∧ ¬𝑞1





The current hardware available for free is capable of

running circuits that exceed a depth of 700, having more

than 300 two-qubit operations.

The circuit for Möbius ladder with 6 lamps can serve as

an interesting benchmark for upcoming new hardware.

IBM had some progress in the year 2023-2024.

Manufacturing quality has a significant impact on QPUs,

and newer devices may underperform compared to older

ones. Calibration has a significant effect on performance,

and theoretically “weakest” device can surpass the

“strongest” one.






