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State vector simulation Tensor networks
“Gate-based simulation of a quantum computer” “Only simulate the states you need”

Uses tensor network contractions to dramatically
reduce memory for simulating circuits

Can simulate 100s or 1000s of qubits for many
practical quantum circuits

Maintain full 27 qubit vector state in memory

Update all states every timestep, probabilistically sample n
of the states for measurement

——— e —— == — o

Memory capacity & time grow exponentially w/ # of qubits -
practical limit around 50 qubits on a supercomputer |

Can model either ideal or noisy qubits
GPUs are a great fit for either approach

Tersor Network image from Quimb: https: //quimb readthedocs. io/en/latest/index. html “Amnvia
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MAXCUT QUANTUM ALGORITHM SIMULATION

TENSOR NETWORK SIMULATION WITH cuTensorNet ON THE DGX SuperPOD

Variational Quantum Optimization with Multi-Basis Encodings

Taylor L. Patth,#* Jean Kossaifl,” Anima Anandkumar,* ? and Sussnne F. Yolin'

! Degartment of Phgvics, Harvard University, Combridpe, Massachusetts 02158, USA
INVIDIA, Senta Clars, Coltformia 95051, USA 1800

" Department of Computing + Mathemationl Sciences (CMS), 1688

Colfornia Mstitute of Teokwolagy (Caltech), Pasedena, CA 91185 USA
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ANL+ORNL 2020 TN Simulation (1) cuQuantum on Selene

* Largest number of qubits used to simulate a quantum algorithm

+ MaxCut problem solved with 3375 vertices within 97% of the best-known
classical solution

NVIDIA's Selene DGX SuperPOD based supercomputer + Utilized 112 nodes and 896 GPUs on Selene

[1] Danylo Lykov et al, Tensor Network Quantum Simulator With Step-Dependent Parallelization, 2020
tt xiv.org/pdf /2012,02430. pdf
“Anvioia

https://www.slideshare.net/NVIDIAJapan/nvidia—cuquantum-sdk 22
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Quantum Optimization of Maximum Independent Set using Rydberg Atom Arrays

S. Ebadil1,*, A. Keesling1,2,*, M. Cain1,*%, T. T. Wang1, H. Levine1,1, D. Bluvstein1, G. Semeghini1, A. Omran1,2, J.-G. Liu1,2, R.
Samajdar1, X.-Z. Luo2,3,4, B. Nash5, X. Gao1, B. Barak5, E. Farhi6,7, S. Sachdev1,8, N. Gemelke2, L. Zhou1,9, S. Choi7, H.
Pichler10,11, S.-T. Wang2 , M. Greiner1,t, V. Vuletic” 12,17, M. D. Lukin1,T
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https://lwww.tensorflow.org/quantum/tutorials/qcnn?hl=ja
24



=EH

-BHICEDHLE T2 —2 PR ESHLEN,

TINZFESBEICITTILTVXLEZFHLAERBLENMN,
"FTQCHANISQIZ K> TERILESTILINEND,
B AR SO TECEIE WM E DS ER

YLk

blueqat

25



