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Quantum superposition

«  Quantum mechanics (¥ASsh
- Quantization (¥Xtzh
- Superposition principle (& & 2)
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Quantum superposition

«  Quantum mechanics (¥AtA3
> Quantization (ZXtz})
> Superposition principle (& €l2])
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Quantum superposition

. #Elgr{o 1Yol . OFl#ELQl

1| The moon does not simply disappear

when we are not looking at it.

Albert Einstetn




Introduction: Bell's theorem

« Quantum theory
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Introduction: Bell's theorem

o Quantum theory

> Quantum superposition(ZAt SH)

- Entanglement(21 &)
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Introduction: Bell's theorem

Sir

it . Falsifiability(Rt5 7t 4)

CH FBAFRS

« Quantum theory
o Quantum superposition(¥FAt &
Q perp (8 |- S o The Logic of Scientific
Discovery (2f8t& &9/
=£/) (1959)

- Entanglement(&1 &)

- 19340 S0z ST
Logic of Research: On the
Epistemology of Modern Natural
Science (BH72| =2)
EEERIESS)

« Classical theory
> Realism (i &)
o> Locality (=m28)

Born Karl Raimund Popper

28 July 1902
Vienna, Austria-Hungary
Died 17 September 1994 (aged 92)

London, England, United
Kingdom



Introduction: Bell's theorem

John Stewart Bell

. Bell's theorem (2| H2|)
(On the Einstein Podolsky Rosen Paradox, 1964)
(Speakable and Unspeakable in Quantum Mechanics, 1987)

« Scenario
Alice and Bob share a bipartite quantum state and
measure it by their local measurements randomly.

A John Stewart Bell, CERN, 1973

B 0 B 1 Born John Stewart Bell

28 July 1928
Belfast, Northern Ireland, UK
A Died 1 October 1990 (aged 62)
1 Geneva, Switzerland



Introduction: Bell's theorem

o CHSH inequality (J. Clauser, M. Horne, A. Shimony and R.A. Holt inequality)
- Joint probability obeying local hidden variable model should satisfy

(ApBo) + (AoB1) + (A1 By) — (A1B1) <2
« However, quantum theory violates the CHSH inequality

(AoBo) + (AgBy) + (A, By) — (A1 B;) ﬁ@> y

— It implies that quantum theory does not obey locality and realism at the same time.
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Bit (Binary digit)
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Bit (Binary digit)

Classical bit: 0 or 1

Off: 0



Bit (Binary digit)

o Classical bit: 0 or 1

AH AR
a A
A 2

z

ZH: https://www.youtube.com/watch?v=Fg00LN30Ezg&t=607s&ab_channel=bRd3[



Qubit

o Classical bit: 0 or 1

. Qubit (Quantum bit, THH| E)

) = cos (g) 0 + ¢ sin (g) i

0
® 0 2 0)
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Classical Bit Qubit



Qubit

Classical bit: 0 or 1

Qubit (Quantum bit, THH| E)
1)) = cos (g) 0) + €' sin (

0

)

Bloch sphere
225 1



Qubit

Qubit EM




Qubit

«  Qubit (Quantum bit, &)

) = cos (g) 0) + €"? sin (g) 1)

«  Physical systems

Superconductor Trapped ion Photonic quantum computer
IBM, npj quantum information, 2017 Univ. of Maryland, 2018 Univ. of Bristol, Science, 2018
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Quantum algorithm

~N

N

(@] =

. &0 YE|F (1994)

- a0lpEs 2H B2

- =M 27| NOf| CHal polylogarithmic
AlZto] 4 &

- &S /Y 2EH0 1

L1 2|E2 sub-exponential A|Z+0| Z &

:: 7 exp(const x d1/%)
§ 10% classical Eﬂjl‘\b(‘f"\[:’d?\f‘\ff‘]
& record:
g o 230 digits |
£ const x d
P-4

Shor's algorithm

0 50

100 150 200 250 300

Number of digits d

Jdaj= =X: IBM Quantum

-

- J2H Z12|F (199)

- AN 27 3

- Search space NOi| CHSH Query
complexity@| square root £& &Hat &,

O(WN).
_ DA 2ma|Ee Noj Cfsh HIE o)

sin O |w) + cos g |s)

20
20

\

(

\_

\
. HHL €112|F (2009)

- N by N sparse matrix A (sparsity << N)
~Aunit vector b

- A% = b2 ESH= ¢ L0 FO{F
Ao|o| MHE MmO CHot BH4f2 Tot=
gl =
5= O0|&3tH 0(bgN )Y
QICt
AA .
FO 2 Z=0 Z2|= A2t
"""""""" 3""'4'] 5 6
| 11 | |
. —zh j
= g|! b a | |
£ % | | | |
5 § I K | i
= EAllell i :
& s :
1 1 | & |
L iJf:

Repeat until success

HHL algorithm (From Qiskit website) )




Quantum algorithm

Shor’s algorithm (1994)
o RSA 7]¢] 4o]

= 20199 MHFFEHE TI5RIES

= 71 F o] &

o) Il =2 =
A af

D BT
= dulA o= 2048 H|EV}
AREE AL Sl

n Shor’s algorithm= ©|-& 3}
0(bg N) 359 4=} AolE
Ao w e 7 F 3

Number of operations

exp(const x d*/3)
hest classical
algorithm
| (number field sieve)

classical
record: |
230 digits |
! . > 3

const X d

{ Shor’s algarithm

0 50 100 150 200 250 300

Number of digits d
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Fault tolerant quantum computing

O[Ol YRAREE RUTIR
- Z0{0f B WS 2H S0| Hotlct

o Decoherence or Quantum noise

. Error correction

-giN o2 02§ A5t EESte Aol AT EHA.
e.g.) Hamming code in classical computing

. Quantum threshold
-0 2= RIsHM = 99%2| d=Hdo| Ha

= Logical qubits
-171le] REIEE 22517 2/3l 2F 1000~100007H2| FHHIE &R



o2y 2 (Error-correction)

IL—p
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ol2f 2 (Error Correction)

1.0F
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o™ o3 BN W o8
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KO0 0.2}
h 0.0}

- =2l HE 00 02 04 06 08
07 = 000 1; =111 ol ==

o Ol Z2 ZHLZ 0HE E8Y &% =2l HIEO o217t €02 =H&E2
2p°

3p2 —



UAE O3] 2 (Quantum Error Correction)

Aol 2782 Ol =
- ZHAl &7H(No-cloning theorem)
UX MEf= HEH O Z(in principle) S A7t 2 7H5 )L}

o

}

t1| (destroy) =2 1 ZH(disturb)THCL.
; = w2tk O ZaF 2eie] SEE



AR ol B (Quantum Error correction)

EZ& BE7H (Three qubit bit-flip code)
TH|E(Logical qubit)

02} = |000) 1) = [111)

el =2| #/8l

W)L) = C()‘OOO) —+ 01|111>
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NISQ (Noisy Intermediate-Scale Quantum)

Noisy Intermediate Scale Quantum
computing
NISQ application areas:
10 | 2019 e Quantum chemistry
e Optimization

% 102 e Machine learning
) error correction
6 0% - = threshold
=
L fault-tolerant QC
N [ 8 Where we
i =
S are today
10
1 1 l l 1 -
| | | I =
10 100 1,000 10,000 100,000 ™

number of physicalqubits
.

“Quantum computing in the NISQ era and beyond” Preskill, 2018 https //anav org/abs/1801.00862






Quantum computer

Google Al lab (2014)
- Superconducting qubit (=T &= FH[E)
- Demonstrate quantum supremacy with 53 qubits (A& d)

John Martins

https://ai.googleblog.com/2019/10/quantum-supremacy-using-programmable.html




Quantum computer

Hardware roadmap

Physics derisked

2019 ¢ 2029  Year

54 10? 108 104 10° 10%  Physical qubits
Beyond Logical qubit 1 Logical qubit Logical gate Engineering Quantum computer
classical prototype (Tileable module) scale up with 1000 logical qubits

n Quantum Al



Quantum computer

We are here

Quantum Al l

® ® ® ® ® ® ¥

54 102 10° 104 10° 10¢ # physical qubits
Beyond Logical qubit 1long-lived Tileable module Engineering Error-corrected
classical prototype logical qubit (logical gate) scale up quantum computer

v v

M1 (2019) M2 (2023) M3 (2025+) M4 M5 Mé



Quantum computer

Our quantum
computing roadmap

Our focus is to unlock the full potential of quantum computing by developing a large-scale computer capable of complex, error-corrected
computations. We're guided by a roadmap featuring six milestones that will lead us toward top-quality quantum computing hardware and software
for meaningful applications.

MILESTONE 1 MILESTONE 2 MILESTONE 3 MILESTONE 4 MILESTONE § MILESTONE &
BEYOND CLASSICAL QUANTUM ERROR BUILDING A LONG-LIVED CREATING A LOGICAL GATE ~ ENGINEERING SCALE UP LARGE ERROR-CORRECTED
CORRECTION LOGICAL QUBIT QUANTUM COMPUTER
Priysical Qubits: 54 Priysical Qubits: 10* Prysical Qubits: 105
Logical Qubit Errar Rater - Physical Gubits: 07 Phrysical Qubits: 107 Logical Gubit Error Rater 10°* Logical Qubit Error Rate: 10°# Physical Qubits: 10°
scal Quib Erroe Rate Logical Qubit Error Rate: 10°* Logical Qubs Error Rate: 100
& . & @ & 2
2019 2023 2025+

2023.2.22 at https://blog.google/inside-google/message-ceo/our-progress-toward-quantum-error-correction/



Quantum computer

Our quantum
computing roadmap

L= "‘ | | Jﬂ

LA T —

™ 4
il

Our focus is to unlock the full potential of quantum computing
by developing a large-scale computer capable of complex,

error-corrected computations. We're guided by a roadmap
featuring six milestones that will lead us toward top-quality quantum
computing hardware and software for meaningful applications.

& &

E#_
@, O O O O O—
Milestone 1 Milestone 2 Milestone 3 Milestone 4 Milestone 5 Milestone 6
Beyond classical Quantum Building a long-lived Creating a Engineering Large error-corrected
error correction logical qubit logical gate scale up quantum computer

Prrysical Qubits: 54

Logical Subit Error Rate: -

Pryysical Qubits: 107
Logical Cuit Efror Rate: 10°

Physical Qubits: 10
Logical Qubit Error Rate: 107

Pvysical Oubits: 10*

Logical Quibit Error Rate: 10

2024.12.9 at https://blog.google/technology/research/google-willow-quantum-chip/

Physical Qubits: 10*

Logical Qubst Error Rate: 10~

Physical Qubits: 10°
Logical Quiit Error Rate: 10



Random circuit sampling

Article

Quantumsupremacy using aprogrammable
superconducting processor

https://doi.org/10.1038/541586-019-1666-5

Received: 22 July 2019

Accepted: 20 September 2019

Published online: 23 October 2019

Frank Arute’, Kunal Arya', Ryan Babbush', Dave Bacon', Joseph C. Bardin'?, Rami Barends',
Rupak Biswas’, Sergio Boixo', Fernando G. S. L. Brandao'*, David A. Buell', Brian Burkett',

Yu Chen', Zijun Chen', Ben Chiaro®, Roberto Collins', William Courtney’, Andrew Dunsworth',
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Matthew D. Trevithick', Amit Vainsencher’, Benjamin Villalonga™", Theodore White',

Z. Jamie Yao', Ping Yeh', Adam Zalcman', Hartmut Neven' & John M. Martinis"**

? 4
b 4
b 4
b 4

¢

3,
AV A
X

@,

X,
o
X,
Ky
X,
b S
"e
X

X

" e
b4

xoxo
L A W
x
LV A W
e s
LW
LW A W
*

@
X

&
x

X,
LW
o ¢

4
x

®
b 4

4
x

OXO

®,
L0 % 00
.

9,

X 4

®,

e s
X

b

b 4

&
)
x
%

4

X
\ Vs

%

9,
®,
4

X

9, OXO OxO A ¥ 4

4 LW A
Ko o % %
VA VA VA VAN

x Qubit ‘ Adjustable coupler
o

b 4

@
o
L L

X

Fig.1| The Sycamore processor. a, Layout of processor, showingarectangular
array of 54 qubits (grey), each connected toits four nearest neighbours with
couplers (blue). Theinoperable qubitis outlined. b, Photograph of the
Sycamore chip.
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Quantum supremacy (¥At & A)

« Sampling

- In statistics, sampling is the selection of a subset (a statistical sample) of
individuals from within a statistical population to estimate characteristics of the whole

RS RN T

Single-qubit gate:

b
— Qubit

;:ﬂ‘ Two-qubit gate:

Qubit2

Z control




Quantum supremacy (¥At &)

« Random Circuit Sampling (RCS)

- The task is to take an (efficient) quantum circuit of a specific form, in which each
gate is chosen randomly, and generate samples from its output distribution.

Worst-case Average-case : . Experimentally
Anti-Concentration .
hardness hardness Feasible
OK OK
RCS OK (Nature physics, 2019) OK (Nature physics, 2018)

o Average-case hardness: showing that a distribution D is uniformly difficult to sample
from corresponds to showing that for most outputs x, it is hard to compute D(x).

o Anti-concentration states that the output distribution of random quantum circuit is
'spread out'.



Quantum computer

Article
. a c d
Quantum error correctionbelow the surface Fr OF 8 05+
codethreshold @B o@u
i o]
: = HE RN g s
: . ¢ |—__Data = :
Received: 24 August 2024 n n n n n n n qubit £ %
AcceptaciIBNovembar20ld. 0 ne 1 i 1o TEapIRcY neon i * Byt : Measure @ 0.3- & 10724
" 024 ¥ & = e i n u o u el nn qubit 2 g
owever, 2
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Nature 638, 920-926 (2025).



Quantum computer

How to factor 2048 bit RSA integers with less than a
million noisy qubits

Craig Gidney

Google Quantum Al, Santa Barbara, California 93117, USA
June 9, 2025

Planning the transition to quantum-safe cryptosystems requires understanding the
cost of quantum attacks on vulnerable cryptosystems. In Gidney+Ekera 2019, I co-
published an estimate stating that 2048 bit RSA integers could be factored in eight
hours by a quantum computer with 20 million noisy qubits. In this paper, I substantially
reduce the number of qubits required. [ estimate that a 2048 bit RSA integer could
be factored in less than a week by a quantum computer with less than a million noisy
qubits. I make the same assumptions as in 2019: a square grid of qubits with nearest
neighbor connections, a uniform gate error rate of 0.1%, a surface code cycle time of 1
microsecond, and a control system reaction time of 10 microseconds.

The qubit count reduction comes mainly from using approximate residue arithmetic
(Chevignard + Fouque-+ Schrottenloher 2024), from storing idle logical qubits with yoked
surface codes (Gidney+Newman-+Brooks+Jones 2023), and from allocating less space
to magic state distillation by using magic state cultivation (Gidney+Shutty+Jones
2024). The longer runtime is mainly due to performing more Toffoli gates and using
fewer magic state factories compared to Gidney+Ekera 2019. That said, I reduce the
Toffoli count by over 100x compared to Chevignard+Fouque+Schrottenloher 2024.

71& AT (Gidney+Ekeré 2019)
- 2,048H|E RSAE AQ=E8lst= O 2F 2,000t 749
noisy qubits 22
- Al 2k oF 8A|Zt
= =22 7JfdH
- L O|= FH|E == T{E Zr2: 1002 7§ O] 2H2| noisy
qubitsE T+ 7t5
AZHe 7R 1FY ofuy
S5 7H (201991} SY).

CFHEL 02 AZS JhRE FAZE AXY 7=
- HIO|E 27 &: 0.1%
Z AH0|E 55 27 W
2HELY Soto Fa AQ.
- O B2 Toffoli AO|E —’.‘—O”
- Magic state factory 7= &2~
Ms M

- Toffoll HO|E ==, 2024'F Chevignard &
1004 Of & Za

o5 CH|



Quantum computer

How to factor 2048 bit RSA integers with less than a

million noisy qubits

Craig Gidney

Google Quantum Al, Santa Barbara, California 93117, USA
June 9, 2025

Planning the transition to quantum-safe cryptosystems requires understanding the
cost of quantum attacks on vulnerable cryptosystems. In Gidney+Ekera 2019, I co-
published an estimate stating that 2048 bit RSA integers could be factored in eight
hours by a quantum computer with 20 million noisy qubits. In this paper, I substantially
reduce the number of qubits required. [ estimate that a 2048 bit RSA integer could
be factored in less than a week by a quantum computer with less than a million noisy
qubits. I make the same assumptions as in 2019: a square grid of qubits with nearest
neighbor connections, a uniform gate error rate of 0.1%, a surface code cycle time of 1
microsecond, and a control system reaction time of 10 microseconds.

The qubit count reduction comes mainly from using approximate residue arithmetic
(Chevignard + Fouque-+ Schrottenloher 2024), from storing idle logical qubits with yoked
surface codes (Gidney+Newman+Brooks+Jones 2023), and from allocating less space
to magic state distillation by using magic state cultivation (Gidney+Shutty+Jones
2024). The longer runtime is mainly due to performing more Toffoli gates and using
fewer magic state factories compared to Gidney+Ekera 2019. That said, I reduce the
Toffoli count by over 100x compared to Chevignard+Fouque+Schrottenloher 2024.

Physical Qubits

Logical Qubits

108

@ Fowler et al

10°

.)ones etal
O'Gorman et al . . )
Gheorghiu et al
.Gidney etal
‘ThIS Work
Iﬂvlﬂ 26‘15 znrzn 10'25 Zﬂriﬂ 2035
Mo
%BE21:n=3072
"E21:n=2048 Y N
ey
.\\ %rs24in=6144
n=6144
"E21:n=1024 \\ trs24:n=4096
\\ h=4096 YF524:n=3072
n=3072 TrS24:n=2048
‘.\ h=2048
\r‘=10?-l
10¢ 10° 10 101 1012 101 101

Toffoli Gates
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Quantum computer

IBM (2016)
- Superconducting qubit (2T k= FH|IE)
- CIoud computlng serV|ce

IBM 50{1 System An IBM cryostat wnred for 'a 50 qubit
system.

https://currencies.ru/ibm-rolls-out-its-first-quantum-computer-crypto-industry-19011013085120.htm
https://cdrinfo.com/d7/content/ibm-prototypes-50-qubit-quantum-computer




Quantum computer

Scaling IBM Quantum technology

1BM Q System One (Released) (In development)

2019 2020 2021

27 qubits 65 qubits 127 qubits

Optimized Lattice Scalable readout Novel packaging and controls

2022

433 qubits

Ministurization of components

Next family of IBM Quantum systems

2023

1,121 qubits

Integration

and beyond

Path to 1 million qubits
and beyond

Build new infrastructure,
Quan tum @mor correction




Quantum computer: IBMQ Roadmap

Development Roadmap 1BM Quantum
2016-2019 @ 2020e 2021e 2022e¢ 2023 e 2024 2025 2026 2027 2028 2029 2033+
Run quantum circuits Release multi- Enhancing quantum  Bring dynamic Enhancing quantum Improvingquantum  Improvingquantum  Beyond 2033, quantum-
on the IBM Quantum Platform dimensional execution speedby  circuits tounlock executionspeed by circuit quality and execution speed and  circuit quality to circuit quality to circuit quality to circuit quality to. centric supercomputers
roadmap publicly 100x with Qiskit more computations  5x with quantum speed toallow 5K parallelization with allow 7.5K gates. allow 10K gates allow 15K gates. allow 100M gates willinclude 1000’s of
with initial aim Runtime serverless and gates with partitioning and logical qubits unlocking
focused on scaling Execution modes parametric circuits quantum modularity the full power of

quantum computing

Data Scientist P
Codeassistant %) Functions. Mapping Collection Specific Libraries. General purpose
QC libraries.
Researchers iddiesare;
Quantum
Physicist

Dynamic circui Heron (5K) @ amingo Flamingo (7.5K) amin nin Starling (100M)

Error Mitigation Error Mitigation Error correction Error
7.5k gates 18 gates
qubits s 2 2000 qubits
A i h
Albatr Penguin X S a Quantum modular Quantum m Quantum modular orre Errorcorrected
qubi

16 qubits 53 qubits qublts i modularity
2qubits [l 156x7 =1092 qubits X7 = 1092 qubits

Innovation Roadmap

S 1BM Qiskit Application ¥ [KelEIN]3 Serverless ¥ | Alenhanced ¥  Resource  ®  Scalable circuit
Innovation g“ga'r'\l'lny' T e ‘modules Runtime Samersiste quantum management knitting
xperience APT with compilatic e Performanceand concepts of Prototype ‘System partitioningto | Circuit partitioning stration of a
tomultiple tareet pocific applicatic abstract through quantum centric- ‘demenstrations of AL parallel | with - quantum s h
L Primi supercomputing enhanced dreuit e g it
transpilation
Hardware Hummingbird too Starling
Innovation a aling monstrate sc Demanstrate path amonstrate path t Demonstrate path to
uting vith th multiplexing oveda improved quality with improved qusl
adovt ot

with log

@ Executed by 1BM
&) on target

IBM Quantum / © 2023 IBM Corporation



Quantum computer

Article

Evidence for the utility of quantum
computing before fault tolerance

https://doi.org/10.1038/s41586-023-06096-3  Youngseok Kim'®*, Andrew Eddins***, Sajant Anand®, Ken Xuan Wei', Ewout van den Berg',
¥ ! 34 Mi 35 Kri )
Received: 24 February 2023 Sami Rosenblatt', Hasan Nayfeh', Yantao Wu®*, Michael Zaletel®®, Kristan Temme' &

Abhinav Kandata'*
Accepted: 18 April 2023

© Unmitigated @ Mitigated — MPS (¢ = 1,024; 127 qubits) iSoTNS (¢ = 12; 127 qubits) — Exact

a Magnetization M, b Kiz20aYoa0%01217.20.32) € gasasestsssareyrsos o ssresomnat)
10 1.0
“f - 08 0.8
oSS~

31 qubits
A 0.6 06
0.4 04
0.2 0.2

. o of
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Nature 618, 500-505 (2023).



Quantum computer

Article

Combining quantum processorswith / ; o i e

real-time classical communication b gl | = i a0 - - =
\;m(mm i =TT R ] 210 M Droppededos e %

https:/idoi.org) 24-08178-2  Almud Vazquez', Caroline Tornow'?, Diego Risté”, Stefan Woerner', Maika Takita* \\\,Q"‘) S ‘;é

Soodivod: 2 Maroh 5054 &Daniel J. Egger' Eagla 127 qubis) % X

Accepted: 8 October 2024

7 - 2024 Q process information with the laws of guantum mechanics. b
Current hardware is noisy, can only store information for ashort time and is

Openaccess limi N i N N o 9
limitedtoa thatis, qubits, typicallyar i

# Check for updates However, many i in, ire ivity than L
the planar lattic d by the hard on qubits thani: ilable on asingle W% B
quantum processing unit (QPU). The c ity hopestoracklet imitations by Doz ‘;
connecting QPUs using classical communication, which has not yet been proven Tacli=
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Sergey Bravyi', Andrew W. Cross', Jay M. Gambetta', Dmitri Maslov'“, Patrick Rall” &
Theodore J. Yoder'

Theaccumulation of physical errors'* prevents the execution of large-scale
algorithms in current quantum computers. Quantum error correction® promises
asolution by encoding k logical qubits onto alarger number n of physical qubits,
such thatthe physical errors are suppressed enough to allow running adesired
comp ionwith tolerable fidelity. Q errorcorrectionb tically
realizable once the physical error rateis below a threshold value that depends on the
choice of quantum code, syndrome measurement circuit and decoding algorithm®.
We presentan end-to-end quantum error correction protocol that implements
fault-tolerant memory on the basis of a family of low-density parity-check codes®.
Ourapproach achieves an error threshold of 0.7% for the standard circuit-based noise
model, on par with the surface code”™ " that for 20 years was the leading code in terms
oferror threshold. The syndrome measurement cycle for alength-n code in our family
requires nancillary qubits and a depth-8 circuit with CNOT gates, qubit initializations
and . The required qubit ivityisadeg ph composed
oftwo edge-disjoint planar subgraphs. In particular, we show that 12 logical qubits
canbe preserved for nearly 1 million syndrome cycles using 288 physical qubitsin
total, assuming the physical error rate of 0.1%, whereas the surface code would
require nearly 3,000 physical qubits to achieve said performance. Our findings bring.
demonstrations of a low-overhead fault-tolerant quantum memory within the reach
of near-term quantum processors.
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With Configurable Error Mitigation

Forte is the world's most useful quantum computer.

I O N Q #AQ measures the usefulness of a quantum
&

computer. For example, with Forte's configurable
error mitigation, #AQ 36 would mean you could
successfully run guantum algorithms of ~980

entangling gates on up to 36 qubits.

Learn more about AQ —

36 36
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1 Algorithmic qubits defined as the effective number of qubits for typical algorithms, limited by the 2Q fidelity
Employs 16:1 error-correction encoding
5 Employs 32:1error-correction encoding

https://ionq.com/blog/december-09-2020-scaling-quantum-computer-roadmap
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lonQ Aria Forte Forta
Historical #AQ attainment | Enterprise
Learn Mare
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1200
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Performance
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Error Mitigation v’ v v
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lonQ Roadmap for Large-Scale, Fault-Tolerant Quantum Computers

Built on pioneering trapped ion research, lonQ's roadmap is enabled by the
breakthroughs that were d
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