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Digital Approaches to Quantum Computing

@ Matter Qubits: @ Photonic Qubits

‘Flying’ qubits
Passing through a QPU
Optical fibres, integrated linear optical circuits
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Static qubits
Objects located on a QPU
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® Photons and Qubits

qubits
Photons Photonic Qubits
* More degrees of freedom than a qubit Ex 1: Dual-rail Encoding
. ONE-QUBIT GATE

* More computational states: Photon 0 o)

. 77:1__11) states of n photons in m modes ~ /% 1>

_._
« 2" sates of n qubits S —— >< o—

Beamsplitter

* Photonic quantum algorithms can exploit this e
X 2:
Reck-Zeilinger-Bernstein—-Bertani (RZBB) Decomposition
* Why demonstrations of quantum advantage to
date are either photonic or have a strong photonic
flavour

* Any qubit circuit can be described by a unitary matrix

* Any unitary matrix can be constructed as a linear optical
circuit

* This also means there are many ways to encode o e
qubits into photons!



QQ Universal Chip Design
Purpose QPU

Running Computation: 12 modes — up to 6 photons — 126 parameters

 Chip is designed to have a “universal” architecture 11 |
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QQ Specialized Chip Design
earning QPU

10 modes — 3 photons — 26 parameters

* Accelerated performance with QPUs that are
optimized to specific tasks

0
* Reduced parameters compared to “universal” § " 7
architecture N\ 6 N <
. T @_ 9 -
* Powerful design tools such as the LOv-calculus
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* Altair is optimized for ansatz circuit generation /

* Quandela’s Entropy device contains circuits
optimized for certified random number
generation



Open to all
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Applications

Jobs Status
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News
Announcing a Break on Ascella and the Installation of a N
w7577 We have some exciting news to share!
i 7
& We've installed a new source on Ascell:
= 3 unprecedented indistinguishability,
} EaE— brightness and purity. We're just about
WLl PNETAEY  source, and welll be releasing it in
i o early 2023, so stay tuned!
In other news, we've decided to take As
on December 22nd and be back online
will be live.
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Documentation v
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sim:achernar See details
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Total pending jobs 0
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QUANDELA Cloud

Making the future of computing brighter

Usage Explorer
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Monthly durations by platform
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Simul — Clifford Generic Simulator — SLOS Generic QPU — Achernar

Noiseless Clifford sampler for up to 20 photons High performance noiseless

Simulator for up to 10 photens

rong Linear Optic 2-photon, 4-mode, specialized Bell State
preparation quantum processer unit

Test our QPUs available in the cloud

https://cloud.quandela.com

op and

Simulator — Ache

Noisy simulator for Ache

20221-01 - 2023-01-31
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167 141
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1671415
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® Available Processors and Primitives

gpu:Achernar sim:QPU

e Noisy simulators . .
specialized 4-modes matching each QPU Circuit Analyzer

qpu:Ascella sim:Clifford

universal 12-modes Weak simulation
Up to 50 photons

sample_count

gpu:Altair sim:SLOS

! ' DESolver
specialized 10-modes S ST
Up to 14 photons

gpu:Bélénos S_'m'MPS _ DESolver
" Approximate simulation
specialized 24-modes o
large circuits




Q Running a quantum program on the cloud
ytonic processor !

remote_gpu = pcvl.RemoteProcessor("qpu:ascella", token_gcloud)
remote_gpu.set_circuit(c)

remote_qpu.with_input(input_state)
remote_gpu.mode_post_selection(1)

import perceval as pcvl
from perceval.algorithm import Sampler

i t_state = 1l.BasicStat b, 1l
input_state = pcvi.BasicState(| D sampler_on_qpu = Sampler(remote_qpu)

¢ = pcvl.Circuit(2)

c.add(@, pcvl.BS()) Qsample = 10000

c.add(@, pcvl.PS(phi = np.pi/4)) job = sampler_on_gpu.sample_count(nsample)

c.add(@, pcvl.BS())

pcvl.pdisplay(c)

results = job.get_results()
print(results['results'])

{
1 |0,1>: 13979
|1,0>: 9627
|1,1>: 51

# Use your key here to let the system know who you are
token_qcloud = 'MY_SECRET_KEY
remote_qpu = pcvl.RemoteProcessor("qpu:ascella"™, token_qcloud)



QQ Example Circuits

Native Photonic Ci Other Supported circuit
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® Behind the scene

equest processing

z
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User 1 » -
Payload

Self-Calibration

Payload

AlgoRunner

Orchestration

f

User 1
Compilation

User 1
Transpilation

User 2
Execution

User 1
Execution

Calibration

Full complementarity between classical and quantum algorithms

( N

QPU




Q) Behind the scene
Step-by-Steprequest processing

Phase to Voltage
conversion

User 2
Execution
Real Time
Circuit Coincidence
Input State Self-System Counting and
Photon Routing Monitoring Aggregation

\ Control /

Full complementarity between classical and quantum algorithms




() Benchmarking with other online platforms

N-Qubit Gate Fidelity

) ION ) 60%
91,70%
80%
Ascella 88,10%
6,70%
IBM Q 86,40%

Quito
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Merci !

shane.mansfield@quandela.com

jean.senellart@quandela.com
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