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Explore content v  About the journal v  Publish with us v

nature > articles > article

Article | Open access | Published: 06 December 2023

Logical quantum processor based on
reconfigurable atom arrays

Dolev Bluvstein, Simon J. Evered, Alexandra A. Geim, Sophie H. Li, Hengyun Zhou, Tom

Manovitz, Sepehr Ebadi, Madelyn Cain, Marcin Kalinowski, Dominik Hangleiter, J. Pablo Bonilla
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https://www.nature.com/articles/s41586-023-06927-3h
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Quantum Error Correction Variational Algorithms Workflows
( - - h
Applications and Workflows Qiskit Application Libraries
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c EF 12 Ea1 -5 T0BRUENZWD TWLWKDTIE,

 I—YIRIEA>FF, RIEBEZ1—)L. Spack THRAINYA X TENIZ,
KK —-X(EwmretE 3.

Ay

Basic Requirements for Al Cloud System %= ABCIVI RNIUIPRIYT

AN
Application S 8xVJhoI7
BD/AI User Applications v Easy use of various ML/DL/Graph frameworks from Operating System GO ISS
Python, Jupyter Notebook, R, etc. — Job Scheduler Univa Grid Engine
Machi Graph Dee . . . ..
‘ Leaatn:-nlil::; ‘ cOn:‘SSting H Learn::lg H web ‘ v" Web-based applications and services provision Container Engine Docker, Singularity
Libraries Libraries Frameworks Services

L OpenMPl, MVAPICH2, Intel MP!

Python, Jupyter Notebook, R etc. + IDL

System Software

‘ - - - - ‘ Development tools Intel Parallel Studio XE Cluster Edition, PGI Professional Edition, NVIDIA CUDA SDK, GCC, Python, Ruby, R, Java, Scala, Perl
[ Nuq;f:\ng;\“;ﬁ;irles M Ke'r;r?egl%:;:'tthgc.) M Fc;ir;:?ye é:odg:+ ] v HPC-oriented techniques for numerical libraries, | Deep Learning Caffe, Caffe2, TensorFlow, Theano, Torch, PyTorch, CNTK, MXnet, ML]
[ MPI - OpenMP/ACC - CUDA/OpenCL J BD Algorithm kernels, etc. Hadoop, Spark
- v Supporting long running jobs / workflow for DL
[[’ Sl S S L v Acgglerategd |/(§ and seig:dre data access to large RE A>FFYR—b
VL RS } DFS H RDB  CloudDB/NoSQL  SQL ‘ data sets B 2OD0I>FFI>SIEHR—F
GPFs R e L | v User-customized environment based on Linux « Docker: RHI1—HNR—INAEL
[ Batch Job M Workflow H e containers for easy deployment and reproducibility « Singularity: O0—L-> 2/ \—% L —EIHAZEAM CRFESNHPCAB CORANEED DDOHS docker
Schedulers Systems Srokers B OVFFEA—RELEY T RITFIISRTLDER ’
[ Linux Containers - Cloud Services ] oS « J0O-/)ULdZ21="F« CTHREINEEFDMEZ I <(CABCLTHES
. . ABCTERLUIEO> 00— /ULIS1 =5+ (BRI B E 655 r
Mo _ Hardware B ABCICREBALENTE ]S F DBIS - ARt s
S Y— [m;ﬁmﬁ'f | Acceleratorseg. M : s . * ABCIICHREAE STz ChainerMN, NNablaZ (F U & T BNMT « —FS5——>DTL—LD—D%&I> \ J
Low Latency NW S eadtake odern Sutpercomputlng facilities based on commodity FTHEITDET, HTEARRBT —FRESIZT« —TS—Z2JIERICEDED C ENValEEIC,
components
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Quantum-AI Hybrid Applications

Jupyter Notebook,

Quantum-AI Libraries Open onDemand

Quantum Frameworks: Qiskit, Cirq, QURI

Parts, Amplify SDK, CUDA Quantum AI Frameworks: Co_mmunication
PyTorch, Jax, Library: MPI,
Quantum Circuit Simulator: cuQuantum, Tensorflow NCCL
JUQCS, Qulacs
@ D
Workflow Orchestrator: Covalent
< 4
@ : .
. . L Job Scheduler: GridEngine, PBS Pro, Slurm
Qiskit runtime, )
Braket jobs . . - .
9 L Container Engine: Docker, Singularity
4
Quantum Quantum .
Resource Inspired Resource Sl Eselire:
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Covalent
SDK

« Agnostigitz L CHFE=NTLD0SST—2oJO—A—T AL —%

« IBM Quantum. Amazon Braket. Slrum7a & (CXTIE

» GridEngineflExecutor7 501 > Z 5T, OSSILFE
- MET—)ILANY>ME. T35V IRy J&E{E

Covalent server

Dispatch f;)* Local Executor

Service

«» SSH Executor

g:’? Slurm Executor

&
< Fargate Executor

Completed © 10/10

f« @ Gen Random Tsp

f« @ Gen Random Tsp()[1]

@ Dask Executor f« @ Solve Tsp % f, @ Gen Random Tsp()[0]
User
Interface ":::? Braket Executor
GridEngine —)

Executor

*Services may be hosted locally or in the cloud

Ff @ Show Route

Covalent®ABCIxdit TSPOD—-49J0-9357

In [11]: .
import covalent
ABCILETH 27 £RTT 318ic, GridEngineExecutord 7Yz ¥V hEERLET,
In [12]: 2 K :
abci_executor = covalent.executor.6ridEngineExecutor(
username="username",
address="localhost",
port=10022,
ssh_key_file="~/.ssh/id_rsa",
remote_workdir="$HOME/amplify_env",
poll_freq=30,
cleanup=True,
enbedded_qsub_ar
b E - "h_rt=1:00:00"],
18
In [19]:
dispatch_id = covalent.dispatch(workflow)(18)
In [20]:
print(dispatch_id)
Out [20]:
68c9ec2-0F1-4077-945F-Foelddablabe
In [21]:
result = covalent.get_result(dispatch_id, wait=True)
print(result)
out [21]:

Lattice Result
status: COMPLETED
result: 3.089814832129642
input args: ['10']

input kwargs: {}

error: None

start_time: 2023-12-27 06:10:45.715374
end_time: 2023-12-27 07:00:37.814164

Jupyter Notebook TDZET
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s TV I AEFFEITBCET. BRI DZIITDEFTEN LD, FEEZHIREIEE.
« 1Z272UIBM QuantumZz{#ESIi5E5DHER).

QAOA (MaxCutfs 58

JAEFEYL . 24TL—3> D

'UX /s (VQE. QAOA) Tl EFTaTnFEIRICKD

QPU____liter |Classic__|Quantum __

osaka
osaka
kyoto
kyoto
brisbane
brisbane

N P N =~ N =

Subtotal subtotal
2.3

1.7

6.1

e lal ‘
- — oo
TR (B - B o@o oo
job wait quantum seconds
2630.0 2531.6) 17.0
- 64.4 17.0
508.3 404.8 17.0
- 69.5 17.0
5242.4 5153.8 17.0
- 54.6| 17.0

T
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TR, RO XATBUEREMNEINT B,

. NVIDIA cuQuantum(Z KD IMEHNERN,
» GPUDSERDH#H12:53" . YILFGPU - TILFJ — RIGSEATEE,

Benchmark Results - MaxCut (2) - Qiskit
Device=ibmq_gasm_simulator Feb 01, 2024 13:39:47 UTC
shots=1000, rounds=2, degree=3, restarts=1, fixed_angles=False,
Objective Function=Approximation Ratio

22 F15190%

20 F

19}
=18l 1.0
_17_
© 16 H0.8 2
5 15F ©
S 2l ;
S 13} 0.6 5
#* 12+ ‘g
v 11 40.4 S
=10 S
£ 9r o
T 8f 02 2
g o
* st 2R 0.0

arl

3_

2_

05 O X AX R 2 A2 .V A A0 > 0N DO DD P
q)b’\,o‘\’,”é\’l,’]P"{,\")\"’)&”)Q’s‘\'&)@")’bo)ﬁﬁqb%bﬁbq
Cumulative Quantum Execution Time (s)
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Weak Scaling Performance of cuQuantum Appliance on ABCI

Execution Time [s]

ABCILT512GPUZHVEHRERD41EFEYMNEFORIEIYS1L—YaVEEE
NVIDIAS RSt EERAOIER I N —-TCEBABCIITY RFvL IS DR

Weak Scaling Comparison of Multi-node Simulators

@ Qiskit-Aer cuQuantum Appliance @ Qiskit-Aer multi-node mpiQulacs
@ Quantum Volume, depth=10 Quantum Volume, depth=30 QAOA, p=1 1000

E tion Time [s]

single

GPU node //_//
10 1

—_
0

1 T T T
34 36 38 40

Quantum Phase Estimation
50
multi 100

40 nodes
30 5

. | g 10
20 . single

| —5 \
0 2 WE

30 32 34 36 38 40 Number of Qubits
Number of Qubits
cuQuantum Appliance multi-node weak scaling More than 3x faster than SoTA (mpiQulacs on

performance from 30 to 40 qubits for complex 64 A64FX-based cluster)

RRESNEFOIESI1L -9 ENVIDIALD AR ABCILETHENFIABIHE

https://www.digiarc.aist.go.jp/publication/quantum/20221219.html
https://developer.nvidia.com/blog/best-in-class-quantum-circuit-simulation-at-scale-with-nvidia-cuquantum-appliance/
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ABCIZFIARIgE(C LTz, o) :

 https://github.com/qgniapp/ o) !

« Open onDemand )77 Uit BEBL T,

« 3/18MDHPCIHHARE=CERTFE (FHM [AIEE
SORICHIFTBAWebUIEEF I EDA—FT0 270
H—EXDEA] )

Home / My Sandbox Apps (Development) Home / My Interactive Sessions / Qni Session was successfully deleted. x

DEDAED Launch Shell || Launch Files Interactive Apps Qni Home / My Interactive Sessions

Servers This app will launch a Qni server on one or more nodes.
Show 50 + entries Search: i i i
Jupyter Notebook Resource Type Interactive Apps Qni (41432202) Q@@ | starting

Servers
Directory Last rt_C.small=1 . .
. A B Created at: 2024-01-24 16:05:39 JST © Delete
Name App Details Modified = Jupyter Notebook
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