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HOW DO WE GET TO 

A QUANTUM 

ADVANTAGE?

Blaise Vignon 

CPO
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27M€ raised

50 people

2 years old
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QUANTUM CIRCUITS 

ARE MUCH SLOWER 

THAN CLASSICAL 

CIRCUITS

Gate time in some quantum media

Gate time in classical electronics
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THIS IMPACTS WHICH 

PROBLEMS CAN BE 

USEFULLY SOLVED ON 

A QUANTUM 

COMPUTER

Quantum MonteCarlo, for 
example, promises a polynomial 
speedup, eaten away by gate 
speed differences

Antibody loop modelling on a quantum computer
Quantum Monte Carlo

Roche and Tencent
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ONLY A FEW 

ALGORITHMS EXHIBIT 

EXPONENTIAL 

SPEEDUP

Quantum Algorithm Zoo

Stephen Jordan

Microsoft Quantum

(A selection)

Exponential congruence

Subset sum

Grover (search)

Constraint Satisfaction

SUPERPOLYNOMIAL SPEEDUP POLYNOMIAL SPEEDUP

Quantum simulation

ODE and PDE

Shor

Discrete-log

If there exists a positive constant α such that the runtime C(n) of the best-known classical algorithm and 

the runtime Q(n) of the quantum algorithm satisfy  𝐶 = 2Ω(Qα) then I call the speedup superpolynomial.

”
“

ChemistryDiscrete optimizationEngineering Crypto 
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EXPONENTIAL 

SPEEDUP ALGORITHM 

REQUIRE DEEP 

CIRCUITS

Deep circuits require low error rates, 
likely on the order of 10 -12

Running Shor on N bit key means: n=O(N) d=O(N3)

6

Actually O(N2log(N)log(log(N)) but let’s keep things simple.

Hence the error budget to run Shor is  O(N4)

RSA2048 10-12
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IN PRACTICE, 

QUANTUM 

ADVANTAGE LIKELY 

REQUIRES 

EXPONENTIAL 

SPEEDUP
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SUCH ERROR RATE 

CANNOT BE ACHIEVED 

BY PROGRESS ON 

MATERIAL SCIENCE 

ALONE

Superconducting materials 
progress seems to have plateaued 

M. Kjaergaard, W.D. Oliver et al., Annual
Review of Condensed Matter Physics, 2019. 
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SUCH ERROR RATE 

CANNOT BE ACHIEVED 

BY PROGRESS ON 

MATERIAL SCIENCE 

ALONE

Fidelity of 2-qubit gates has only 
improved by at most 5x in 4 years

Rigetti investor presentation
October 2021
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ERROR CORRECTION IS 

NECESSARY

“Fault tolerant” and “Universal” 
quantum computing are needed

Fault tolerance

We need to have strong enough 
error correction for our qubits error 
level

Universality

Ability to implement any 
quantum algorithm
(without introducing 
uncorrectable errors)

                          
                     

Q U A N T U M  A D V A N TA G E   
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LSQ literally means “A lot of 

qubits” : is it necessary?
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10+
Universal 
qubits

QUANTITATIVE 

APPROACH TO 

REDUCE ERRORS 

100,000 Physical 

qubits
100
Logical 
qubits

1,000,000+ Physical

qubits

1,000 Physical 

qubits

30

30
x 1

Logical qubit

Bit-flips 
correction

Phase-flips 
correction

04.Players following this strategy
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Universal Quantum Computer would require 1,000,000+ physical qubits 

Qubit able to store quantum information 
with sufficiently low error probability 

DEFINITION

Logical qubit

Logical qubit able to perform any type of 
operation

Universal qubit

1
Universal qubit

1
Universal Quantum 
Computer

30 qubits

3
0

 q
u

b
it

s

1 Logical qubit

30 physical qubits to correct each 
type of error 

With 
127 physical qubits
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1,000x fewer physical qubits to build a Universal Quantum Computer 

vs

A&B’S 

QUALITATIVE 

APPROACH

13

01.

Cat Qubit: 
Autonomous error-correction of bit 
flips by design

02.

Shortcut to universality

/ 1,000

/ 30

1 LOGICAL
QUBIT

1 UNIVERSAL
QUBIT 100,000

1,000

“QUANTITATIVE” 
APPROACH: 
STANDARD QUBITS

physical qubits

physical qubits

cat qubits

cat qubits

90

30

BY DESIGN   
APPROACH:
CAT QUBITS 

vs

30 cat qubits

1 logical 
qubit

Only 30 cat qubits needed to 
correct phase-flip errors  



ALICE AND BOB IN THE ZOOLOGY OF QUBITS

Spin qubits Photons Ions / Atoms Superconducting 
circuits



ALICE AND BOB IN THE ZOOLOGY OF QUBITS

Spin qubits Photons Ions / Atoms Superconducting 
circuits
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Readout

Transmon

Cat-Qubit

DIID IS, Pump

Buffer Filters

Buffer port

Cat-Qubit portTomo port

Buffer

Cat-Qubit

25 µm

150 µm

1 mm
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100x performance

Amazon chose the cat qubit technology for its 

quantum strategy, validating A&B’s approach:

› Amazon lags a few years behind

› Amazon depends on A&B’s “ATS”(3)

(1) Quoted in Amazon’s announcing blog post, (considering technical papers and not contextualization)

1
A&B 

cat
qubit 

21
Google 
physical 
qubits(4)

≈
Performance based

100%
of scientific papers 
quoted(1)

151x
quotes(2)

(2) Quoted in Amazon’s long form

(3) Asymmetrically Threaded SQUIDs

A&B AT THE 

FOREFRONT OF 

THE QUANTUM 

RACE

Same league as Google

Amazon as following suit

01.                                  vs 02.                  vs

(4) ArXiv

10^1

10^2

Bitflip 
lifetime(5)

(µs)

(5) Source: Management (Appendix 7.7) 

300x performance

From 5 to 21 
physical qubits

1 single cat qubit (with 

different error correcting 
parameters)
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https://aws.amazon.com/fr/blogs/quantum-computing/designing-a-fault-tolerant-quantum-computer-with-cat-qubits/
https://arxiv.org/pdf/2012.04108.pdf
https://arxiv.org/abs/2102.06132


Number of qubits

Breakeven, 
Logical qubit

Logical gate
(Toffoli)

Fault tolerant 
quantum 

advantage

Shor’s algorithm

OUR PROJECTED TRAJECTORY DRAWS A SHORTCUT

Quality of qubits

Competition 
tactic

Material science progress + design engineering
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19TIME FOR YOU TO GET READY
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YOU CAN TEST 

OUR HARDWARE 

THANKS TO A 

NOISE MODEL 

RUNNING ON AER

SIMULATOR

Try and test our noise model on simple circuits:

Implement repletion code and measure logical errors:



THE PHYSICAL NOISE MODEL IS BACKED BY OUR PREVIOUS PUBLICATIONS
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GET READY FOR QUANTUM 

ADVANTAGE

A&B is delivering a lean roadmap towards fault tolerant 

quantum computing. 

We could unlock your wildest quantum dreams with 

quantum error correction.

Are you ready to explore use cases ?

Contact me: 
blaise.vignon@alice-bob.com


