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WRIEETT: https://dong-an.github.io/QASC/

EIERE: SERY, #HRiL

LiREtEMS: =# 406, |ARAZ 78, REFAMN 56 W

BH: F2EARA= (2 A2 A) REGEE—X, F4EHFAM (3 A13H) 56
TEMR (S SITEH)

FiRHIF: &L (andong@bicmr.pku.edu.cn)

B AL SEARMN 7-8 ¥, EEE 78 Skt 78406-2

vVvyYVvyy

vV YV

2/12



IRIESE R

>

>

v

vVvYyy

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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1B\l 60% (6 &, B 10%) + HARIRIEWE 40%

fEall -

> JITSER, EEMNREHEABHERSEX

> BIFRE: A—LEiR, BE$E 4. 6. 8. 11, 13, 15 F
> IRE. 32 BiR—XKE 2 4
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IR
> BRSFREREHEEERENABECRSTARET, FHRTRERX
> XESEINRGTS 8 MEALT. BELAES
> WIrE 2 ANASELL
> HILRYE: %17 AR (6 A 15 B) 23 A5 %, FEFA%
> HEEK:
> BEAER EMZEMHEAXEERIHBOZORT, ERtERZOERAY
ESEE. XRSRREENEAR, FHOLXSE HA—BNEAEES
SRS
> FOMAE: REMERSEE, ARFEFRTXEHFERERIITHHBERIE
5%% WHCHEERNEN BEAGS, XNTENFTHRAERRES
> BRAER: KX, KEMEFERER, BRmUEDTE (11 83, 25
EXTUAET, #il 15 AER)
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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)]

HARBFIHH?
> BFEFALNREHTH NI HM
s

> YR BRETHE. MNBIRE. EMEANSE
> TENRE: BHERER. EiUE
> ERE: BEFRR. BE
> i WRLATN. BFEW
PAK
> B (XR) A|
> HiEA|E
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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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BFIHE: EEAE

JiZRIRE
> ZRE, BEEE AEMLHE: Shor ik
> ETYIBH R
> KRETEIEFE (MBEZIRE4EHL, Hamiltonian simulation)
> FRETESG, EFREMNES, Gibbs F5FIE, Green REEH

> SRR SUARE, BAFE, G, B, SRS
BTG

> HA¥F: EF polylog(N) vs 2284 poly(N)
> EZCARILI
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R

> IEip
> (NEELEE. KR, BENEFITEN
> MIELFEAE:

> FEXMTEHF A EE

> MEFFEE
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IRIE KL

1. EFhFE5ETFELEM:
> EFHEFNERFBIMFERIEAZE EFE. 2FHE. 1. T, UE.
EFREEREREAHE EFSATEHEE, BAETFES X 2EF548H
ITEHEHIELR *, Deutsch-Jozsa Hix * &

2. BEFHIESMEREEM

> BANER: SURABNETFERT, REEFHRHED (block-encoding) R,

HEBEFHMHE (Grover-Rudolph Hi%), HEEMFAIRMIDIIE *

> BEAREE: HHEEENRAEFEE (Hadamard test), SEEMERMEFHE,

EEHEEZ BMENEFEE (KMEAEHESGER) EEFREINEFELESE
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3. BFHEET (primitive)
> BFHIMTHREL, BTEESOMEE (Shor Bif) *, BFREHEE
(Grover Hi%), BFIRIBMITSHARE BFREMITEE, SEEHEN
EFHE

4. BEFBENETFEE
» Harrow—Hassidim-Lloyd &%, EF&KMHEBEABESHNEFEE

5. KM AENEFEE
> EFEUARANETFRAAREE (BE. S45% . RBRFE*. A
EE), ETRMEEHANETRSAERER
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6. M ERBMEFHEE

> EF{ (qubitization), PILLERZMNWEFHE EFFESE, EXIER
RPHEFEE EFARETHRER EFIBETEINER (BESH
2. &MAEE. fHMEmEEE. BEWSHERRK * %)

7. FHEERERN EFEiE
> HERETFIHE, BERERETFIHE * EHEFEEEM

8. HM B FRFITEELREM *
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