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long-term scientific quests

nuclear fusion biotechs deep space
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beware of overpromises…
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condensed
matter

simulation

Shor 2048 
integer

factoring

complex
chemical

simulations

industry needs: 1,000s of logical qubits

pricing
derivatives

VQE, QAOA, 
QML

NISQ FTQC

4000 1000s100 2000

logical qubitsphysical qubits + QEM

30-150
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key hardware challenges

qubits fidelities errors mitigation and correction quantum interconnect

enabling technologies scalability energy consumption quantum memory
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key software challenges

actual speedups
and computing times

debugging, verification 
and certification

tensor networks competition

data loading

benchmarking coding abstraction level

uniform 
superposition

basis 
encoding

amplitude 
encoding QuAM

qRAM 
encoding

oracle 
based 
algorithms

uncompute 
trick

amplitude 
amplification

phase 
shift and 
kickback

function 
table

state preparation unitary transformations

…

…

arithmetic
+ - / x

log cos
sin tan

…
non-oracle 
based 
algorithms

QML, 
    …

quantum memory

other 
patterns

QFT, 
     …

angle 
encoding
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N bits

N or 2N reals

2N+1-1 reals

qRAM 
and/or 
classical 

data access

Quantum 
Associative 

Memory

classical 
data

Quantum 
Random
Access 

Memory

classical

machine language

assembly

C language

C++

           …

« no-code »
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Python frameworks

control electronics instructions

gate-code (after transpiling)

gate-code (before transpiling)

…

…

application specific environments

Python + apps frameworks
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arrays
strings

objects

objects

objects

qubit

qubit

qubit

qubit

qubit

pulse

data structures

user data
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qubit fidelities

speed

qubits number

energetics

low-level 
algorithms

higher-level
algorithms

randomized
benchmarking

QV

CLOPS

BACQ

verification

code review white-box testing

validation

black-box testing

patterns review

documentation 
review

spotting errors 
in circuits is 

difficult checking output

output verification

tractable
not 

tractable

emulation debugging

projective measurement 
on ancilla qubits

for some 
algorithms

refactoring
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superpolynomial

potential quantum speedups

polynomial exponentialweakly superpolynomial
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limited advantage

QPU fixed costs make it difficult to exceed classical computing
capabilities in reasonable times and problem sizes

requires FTQC QPUs

and many logical and physical qubits with higher fidelities than
today, and preferably monolithic QPUs

quadratic

unknown
heuristics

simulations VQE amplitude estimation QPE for chemical simulations

searches and 
combinatorial 
optimizations

QUBO

QAOA

Grover search

quantum walks
semidefinite programs 

Deutsche-Jozsa (no use)

Simon, Bernstein-Vazirani

machine 
learning

variational
QML 

variants

reinforcement learning

recommendation

ensemble methods

Bayesian networks

and deep learning

SVM

PCA

k-means

convolutional networks

other
Quantum Monte Carlo

primality proofs

HHL (linear equations)

QSLA for PDEs

QFT & exponentiation

Shor factoring & d-log

speedups

=
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quantum computing challenges types

technologytechnology

economyeconomy

sciencescience

• noise models and budgets
• materials designs
• quantum control
• more efficient QEC
• cluster states generation
• quantum memory
• QPU interconnect
• algorithms speedups

• FPGA->ASIC
• fab investments

• control electronics
• manufacturing
• cryogeny yield and power
• quantum emulators
• software engineering
• distributed quantum computing
• cloud infrastructure
• hybrid architectures
• benchmarking

• VC, customer and governments funding
•                f        (      …)
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Japan
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Russia

South Korea
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Canada

China

EU + member states

USA

public vs private global investments

$M

public 

funding

industry

funding

Germany France EU

source: Olivier Ezratty compilation, December 2023, on a 5 year period, 

past, present or future spending depending on the country. Euro/$ parity.



10



11

      
     

    

      
   

     

      
      

      
 

       
   

       
  

     

      
 

     
       

f     
      

      
      

      

   o u   
      

 h    
a  u  

t 

     
 

     
 

 at   
a   

     

a a o 
  u   

rt      

 u  t t
   

     

 at   
a   

   u  
t 

      
   

    h 
   a 

 u  t 

          

      
    

      
    

   
a a o 

  

      
u  t 

a a o 
 

      
u  t 

 at   
a    

    h 
   a  u

  t 

 at   
a   

      
      

 at   
a    

   h  
  a  u 

 t 

                     

                     

         t ro  a         u  t      o    o  r  a 

                     

                     



12



13

food for thought

build a dream
but not oversell it

understand the scientific and 
technology challenges

accept the long term and 
build for the long term

sustain the current public / 
private funding balance

plan for the upcoming 
software battles

prepare
for some consolidation

  

       

       

        

       

               

                                                                      

                                                                      

state of the art

need

bad good
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thank you!

get the slides
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