
1

how to analyze quantum 
computing use cases

Olivier Ezratty
... author | QEI cofounder | … ⟩

olivier@oezratty.net   www.oezratty.net   @olivez

Q2B 2025, Santa Clara, December 11th, 2025



22

potential quantum computing benefits

• energetic advantage (NISQ).

• energetic acceptability (FTQC).

• computing faster than 
classical systems.

• solving problems inaccessible 
to classical computers.

• improving results quality: 
chemical accuracy, better 
heuristics, etc.

• reducing required training 
data, particularly for 
machine learning tasks.

• usefulness: which depends on the 
stakeholder (fundamental research, 
governments, industry).

or

or

today’s talk Tuesday’s past talk
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industry 
value

usefulness
practical 

advantage
impact >> cost

works on existing 
quantum 
hardware

NISQ computers
or emulators

provable quantum 
advantage

computing time speedup or 
better result quality, best if 
impossible to implement 

classically

inspired by https://www.linkedin.com/posts/activity-7390023359759298561-Nl6O/ 

prospective use case

useful case study

proof of concept
learning and education

quantum inspired

toy model
case study

quantum supremacy 
experiment
random circuits and no input data,
cross-entropy benchmarks and non 
parametrizable boson samplingstheoretical paper

https://www.linkedin.com/posts/activity-7390023359759298561-Nl6O/
https://www.linkedin.com/posts/activity-7390023359759298561-Nl6O/
https://www.linkedin.com/posts/activity-7390023359759298561-Nl6O/
https://www.linkedin.com/posts/activity-7390023359759298561-Nl6O/
https://www.linkedin.com/posts/activity-7390023359759298561-Nl6O/
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9 and 15 qubits

65 qubits, random circuit

industry 
value

usefulness
practical 

advantage
impact >> cost

works on existing 
quantum 
hardware

NISQ computers
or emulators

provable quantum 
advantage

computing time speedup or 
better result quality, best if 
impossible to implement 

classically

FTQC applications 
resource estimates

some D-Wave and 
Kipu Quantum 

use cases

arxiv.org/abs/1411.5729

arxiv.org/abs/2510.19550

www.nature.com/articles/s41586-025-09526-6

https://arxiv.org/abs/1411.5729
https://arxiv.org/abs/2510.19550
https://www.nature.com/articles/s41586-025-09526-6
https://www.nature.com/articles/s41586-025-09526-6
https://www.nature.com/articles/s41586-025-09526-6
https://www.nature.com/articles/s41586-025-09526-6
https://www.nature.com/articles/s41586-025-09526-6
https://www.nature.com/articles/s41586-025-09526-6
https://www.nature.com/articles/s41586-025-09526-6
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predictability

Preskill et al
August 2025

genericity

robustness

verifiability

usefulness

QEM / QED / QEC

IBM and Pasqal
June 2025

QC performance

quantum separation

validation

finding hard instances 
and ensembles

Google
November 2025

real-world applications

FTQC focused

verifiability

5-step journey

stable qubits

QuEra
September 2025

accurate operations

QEC and FTQC toolbox

advantage: speed, 
quality, cheaper

production grade

arxiv.org/abs/2506.20658arxiv.org/abs/2511.09124 arxiv.org/abs/2508.05720https://www.quera.com/3stages

benefit

mean

operations

https://arxiv.org/abs/2506.20658
https://arxiv.org/abs/2511.09124
https://www.arxiv.org/abs/2508.05720
https://www.quera.com/3stages
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assessing QC use case and case studies
criteria possible values

computing paradigm
quantum 
inspired

present 
analog

future 
NISQ

present 
NISQ

future 
analog

FTQC
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quantum advantages speedup
result 

quality
TCO
ROI

energetic 
footprint

data 
needs

tested with 
<30 qubits

benchmarking
honest comparison with best-in-class classical algorithms and 

hardware, incl. quantum inspired and/or legacy systems
no 

comparison

problem sizing
small scale 
case study

case study with real-life size 
business needs

indication of real-life 
use case sizing

resource estimates
qubit # and fidelities related 
to a real-life business need

computing 
time estimates

classical 
resources

no

newness
something new in the case study vs state of the art

which turns other flags in green
nothing new

documentation
press release, vendor 

or analyst web site
peer reviewed 
journal paper

arXiv 
preprint

review 
paper
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quantum machine learning

https://www.nature.com/articles/s41746-025-01597-z

QML evaluation criteria:
• explains quantum algorithm selection by referencing learning problem 

class or dataset structure.
• identifies/discusses impact of data encoding on quantum algorithm 

performance.
• identifies/discusses impact of classical input data processing on 

quantum algorithm performance.
• (EMPIRICAL ONLY) dimensionality of data input for quantum algorithm.

QML advantage conditions:
• training data is quantum (quantum circuit/state, quantum sensor). 
• or futuristic qRAM.

https://arxiv.org/abs/2511.15969 

https://www.nature.com/articles/s41746-025-01597-z
https://www.nature.com/articles/s41746-025-01597-z
https://www.nature.com/articles/s41746-025-01597-z
https://www.nature.com/articles/s41746-025-01597-z
https://www.nature.com/articles/s41746-025-01597-z
https://www.nature.com/articles/s41746-025-01597-z
https://www.nature.com/articles/s41746-025-01597-z
https://arxiv.org/abs/2511.15969
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recent quantum advantages
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https://www.nature.com/articles/s41586-025-08999-9

https://www.nature.com/articles/s41586-025-08999-9
https://www.nature.com/articles/s41586-025-08999-9
https://www.nature.com/articles/s41586-025-08999-9
https://www.nature.com/articles/s41586-025-08999-9
https://www.nature.com/articles/s41586-025-08999-9
https://www.nature.com/articles/s41586-025-08999-9
https://www.nature.com/articles/s41586-025-08999-9
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from science to industry applications
fundamental research business operations

condensed matter
physics

high-energy
particle physics

transportation

logistics
and retailtelecoms

financial services

manufacturing

energy utilities

astrophysics

applied research

drugsbatteries

fertilizer production material design

semiconductors climate modeling
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NISQ FTQC

100-128 4,728

logical qubitsphysical qubits

10-200

error
rate in 
(power 
of 10)

-1 -2 -3 -4 -6 -7 -8 -9 -10 -11 -12 -13 -14 -15 -16 -17 -18 -19 -20 -21 -22

# 
qubits

928 7,925 

catalysts for 
nitrogen fixation

corrosion-resistant 
materials

8,763

725K

incompressible 
CFD

“1000s to 100Ks”

-23 -24

vendors
roadmaps 

2028 - 2033

10 100 1,000 10,000 100,000 1M

Shor on 
RSA-2048

pricing 
derivatives

11K

amyloid beta 
binding

15K4K

VQE, QAOA, QML, 
QUBO

with potential 
quantum advantage

VQE, 
QAOA, 
QML, 

experiment

100

Stage 1
NISQ

Stage 2
early stage FTQC

Stage 3
utility-scale FTQC (or Preskill/Eisert’s FASQ)
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algorithm resources estimates trend

The Grand Challenge of Quantum Applications by Ryan Babbush, Robbie King, Sergio Boixo, William Huggins, Tanuj 
Khattar, Guang Hao Low, Jarrod R. McClean, Thomas O'Brien, and Nicholas C. Rubin, arXiv, November 2025.

https://arxiv.org/abs/2511.09124
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key questions
are there quantum computing “case studies” 
deployed in the industry?

hard to find but D-Wave says it has some (Port 
of Los Angeles, some retailer in Canada, …).

why building a non-deployed case study?

learning quantum coding, estimating 
resources to obtain some quantum 
advantage, create a team, build skills. 

what is the interest of a case study running 
only on a quantum emulator?

emulate logical qubits (<40), debug code easily, 
adapt code to a specific hardware in the 
making, learning path.

what is the interest of a FTQC case study that 
won’t run until long?

resource estimates, dialog with hardware 
vendors, reduce circuit size.

what to expect in the near future?

advanced NISQ quantum advantages, early-
stage FTQC for mid-sized problems, quantum 
chemistry and material simulations.

what are the useful information to find in 
documented “case studies” or “use cases”?

quantitative benefit, resource estimates, cost 
estimates, clear quantum advantage 
characterization, honest comparison with 
best-in-class classical solution, use real-life size 
problems and data sets.
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some recommendations

1. quantum advantage figures of merit.

2. problem dimensionality and data encoding.

3. resource estimates.

4. classical computing comparisons.

5. solution economics.
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discussion

get the slides now !
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