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Users Account authentication, job The same site/Tightly coupled
management.
- 0P
Quantum
\ Cloud Server Server Processing
— < (Prlmltlve) Unit

f The execution time of a single job
L_.___l is quite short. Runtime Compilation
Error Suppression/Mitigation/
Correction...

Input of QPU: Quantum Circuits
and parameters.
Output of QPU: Probability
distribution of a certain number of
shots
Both are not so much, so common Internet is enough for connecting the cloud servers
and primitives
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Superconducting
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Azure Quantu

IBM (IBM-Q)
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0OQC (Toshiko)
QCI (QClI)
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- Riken Quantum Computer

lon trap

lonQ(Arial)
lonQ(Harmony)

Quantinuum(H1)

Fixstars

Aquilla(QuEra)
Pasqgal (Pasqal)

Neutral atom

Mainly for annealers
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For NISQ, the hybrid computing is commonly used.

For example, VQE (Variational Quantum Eingensolver) searches solution
alternatively execution of quantum computing and classical computing.
This type of algorithm is popularly used in quantum chemistry computation.
Using Al in the classical side is hopeful approach.

£ Energy
N converge?
D
Classical
optimizer
Updating
Classical parameters
Computer

Generation of

Evaluation of Expected Values

" Trial states
10>
10> -
0> U(O)
0> -
10> -
| @(0)>

P

Quantum Computer
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The loop between Classical computer and Quantum computer is executed automatically.

The same site/Tightly coupled

I—.-_.—l QPU:
\ Quantum
Cloud Server 2k Processing
|_-.___|% S (Primitive) e ' 8 , Unit

Cloud Server
for computation

User’s server
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. Algorithm description (braket SDK/PennylLane)

Preparing Docker Container which includes users’ program environment (AWS provides some)
Job generation, target device selection and setting options.

Call QPU or on-demand simulator by APls. Jobs are pushed into the queue.

They are executed alternatively.
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\ Amazon Braket Hybrid ~ Simulator

F Jobs API uu Amazon Braket
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= | |
L
":I“'."' o/
Amazon Braket Notebook/

Lacal InE In the case of hybrid, the priority of queue is higher than others
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The model of

Circuit Knitting

Circuit/program

Optimization Controller

IBM’s Quantum-Classical Architecture https://arxiv.org/abs/2209.06841
Classical Quantum Computing NODE
I =1
|
Orchestration I -
B Primitive @ Controller QPU
|
Workflow :
I ]
Quantum ' <L Quantum Network
N Serverless ' !
I |
Nested I
Programs : Controller
|
|
|
|
|
|
|

Controller

Runtime Compilation

Error Suppression/Mitigation/
Correction... Distributed classical
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The loop between Classical computer and Quantum computer is executed automatically.

Acco The same site/Tightly coupled
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D-wave 2000Q Q“a”g‘guc'm“'t 2,048 64 Chimera graph  Analog 5 bits Cloud
D-wave Advantage Quang;numrcmt 5,760 124 Pegasus graph Analog 5 bits Cloud
D-wave Advantage2 Quangjgnumrcmt 563 Zephyr graph Analog 5 bits Cloud
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Composer : [

= [QuantumRegister (1, name="control™)

target = QuantumRegister(1, name="tarzet )
final measure = ClassicalRegister(1, name="final")

qc_bel |
qc_bel |
qc_bel |
qc_bel |
qc_bel |
qc_bel |

= QuantumCircuit(control, target, final measure)

hicontrol)

.cxl(control, target)
.measurelcontrol, final measure)
.measure(target, final measure)
Adrawloutput="mpl ", idle wires= False
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