HETETFHETEE

RE

~

ERAFIAREFRFERAR L (BICMR)

andong®@bicmr.pku.edu.cn

25-26 S 2 1

1/16



IRTEERARER

> RFEETT: https://dong-an.github.io/QASC/

> EEIRE: SERE, #MER

> EiREfiEthe: 22 106, HEARZ 7-8 77, REAFM 56
> {FiRFH: L% (andong@bicmr.pku.edu.cn)
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Lin Lin, Lecture Notes on Quantum Algorithms for Scientific Computation.
arXiv:2201.08309

Michael Nielsen, Issac Chuang, Quantum computation and quantum information.

10th anniversary edition, ISBN-13: 978-1107002173

Andrew Childs, Lecture Notes on Quantum Algorithms.
https://www.cs.umd.edu/ amchilds/qa/qa.pdf

Quantum algorithm zoo: https://quantumalgorithmzoo.org/
Online platforms: Qiskit, Cirq, Classiq

S QIP, TQC

SciRate: https://scirate.com/
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16\ 60% (3 &, Bk 20%) + HAKIRFEIE 40%

B :
> MITER, EFERINFEATNERSEE FAFEERE
> #HIEHHE: FZ 23 £ 59 4 59 #
> (Bl 1: Eo6FAA= (4 A7 RH)
> (el 2: 11 EA= (58 128)
> {Elk 3: 15 A= (6 A9 H)

> R%. % BR—XB 245, REREL12H
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HIRIRIETE : RTBIE (30%) + BRI (10%)
> ERSIRERXN—FEHITRIEES, FRIRERN + BRTM
> XESEIIRKTE 8 AEGRT
> JRITEL 2 A/NEASRAL
> #IErE: ¥ 16 BEH (6 A21 B) 23 M 59 3 59 #, REFIRK
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> REBEXHABTEXK:
> HAEAEX (20%): EMEEMHFEXENZONET, ERMENZOERNES
;E'E% XELTREREZHERR, BEWHNLXEE, FE&—BHUFREESER
S
> FSMAE (10%): FEAIMERERE, GFERRFHEFERERHFITHHE
ERIEERE, WHCHERIHE HEAFS, NFENFHARAFRRRES
> RIBIEEAER: EXTE, KEMESEER, EFREIETETK (B
10-15 57)
> BRUN: BRNBRELXHNAE, A 12 o4
> ARERFMELILTH
> FH2 NME, EXRESERT
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> fE: RAFER Al
> RIZWA:
> YR Al BERTE. REEL. EEEas
> TR Al R AR R A
> BETENA Al SR EREAEAR, BE Al £RNENETE
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“If you want to make a simulation of nature, you' d better make it quantum
mechanical, and by golly it' s a wonderful problem, because it doesn’ t look so easy.
" [Feynman (1982)]

HARBTFIHE?
> EFEFNENFBHTIH ORI B
Fig:

> YIRS BREETHE. MNBIRE. EMEANEE
> HERE: BHERER. EEME
> FiF: WREHTEN. ETEG

BiR: SRS HITEYNE SRR
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BAK:
> B (XR) A|
> HiEkAE
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EFITHE: B (X8) 7|

NEEEthREEF (Noisy Intermediate-Scale Quantum BRI E

(NISQ)) FiBERHL A (Early fault-tolerant) BHL

Coherence time)

> EFFE (Quantum supremacy) i g TETEE
(

> EFEIRYIE (Quantum error correction)

O @& @

MILESTONE 1 MILESTONE 2 MILESTONE 3 MILESTONE 4 MILESTONE 5

BEYOND CLASSICAL QUANTUM ERROR BUILDING A LONG-LIVED CREATING A LOGICAL GATE  ENGINEERING SCALE UP
CORRECTION LOGICAL QUBIT

Physical Qubits: 54 Physical Qubits: 104 Physical Qubits: 10%

Logical Qubit Eror Rate: - Physical Qubits: 10 Physical Qubits: 10° Logical Qubit Eror Rate: 10 Logical Qubit Eror Rate: 106
Logical Qubit Eror Rate: 102 Logical Qubit Error Rate: 10

® Py Py Py Py

L @ & L \ 4

2019 2023

Figure: Credit: Google Quantum Al

o @

MILESTONE 6

LARGE ERROR-CORRECTED
QUANTUM COMPUTER

Physical Qubits: 10
Logical Qubit Error Rate: 10712
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Google Sycamore

BEFHN: EFHENESAERERE— TSR EIAA

ERZEFREAEXFPEEX

IBM System One

USTC Zuchongzhi

BESEMRAIITEAES
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A

Shor’s algorithm (for
prime factorization)

Hamiltonian simulation
i%u(t) — H(t)u(t), H(t) is Hermitian

Existing evidence of

guantum advantage
Unitary quantum

processes
i Open quantum dynamics,
Non-unitary quantum ground state/energy, Gibbs state
processes preparation, Green’s function
Y, Linear systems of equations,

ODE, PDE, SDE, optimization,

Classical processes ; - :
optimal control, machine learning

>

Potential range of scientific applications
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BFIHE: EEAE

BT IRAEXFREXHITEES HEEFTEVRESHENTMR, BLAT
B AEE

> HA#F: EF polylog(N) vs ZE poly(N)
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R

> BIpE%
> (XEELEE. AR, BRENEFITEN
> MIEHFAE:

> FEXOMTEHEREE

> E#H=EHE
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1. EFhFE5ETELEM:
> EFHEFNERFEBMFERIEAGEZ EFE. 2FHE. 1. Tk, UE.
EFHEEBEREAEHE EFSATEHEE, BRAEFES X EF5%H
ITERREEER *, Deutsch-Jozsa Eik&

2. BEFHIESMEREEM

> BANER: SURBNETFERT, SHEEFHRED (block-encoding) R,
BEREFEMGE (Grover-Rudolph Hi%), &R HIRRIIIE *

> BEAREE: HHEREARMEFEE (Hadamard test), EEFEEERMEFHE
%, MEHEREZEMENETFEE (LCU), BEFENEFHEES

3. R EHNETHEZ
> EF{ (qubitization), PILLERZMNMWEFHEE BEFFESE, EXER
RYMEFHEE ETTRETHRER
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4. EFEEEIT (primitive)
> ETEIMHTREE, EFERBSHEEL (Shor Hif) * ETHEREE
(Grover &%), EFIRIEMAITERAE X, EFHEAMITEE
5. imEMERNNEFEX
> AEE: FRAKX, REEF, QSVT, ZFERRLAK
> &if: RO, Dyson BFF, Magnus BFF

6. ZMABREANETEL

» Harrow—Hassidim-Lloyd &j%, LCU, QSVT, HEF#&MEFITE (AQC) HIE %
7. S AENETEX

> & ETEMARANEFRSAEEEX (A%, 85%. RHEFTE.

EAEE), LCU

> L4 Carleman LA E
8. FHEERBNEFEE

> EMETITE, BREMRETIHE, To=ETEE
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