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o HARETFEE (quantum information) ?
° ALEMREFRER”
o HAREFiTE (quantum computation) ?
° AMtAEMREFIHE"

° RESRE
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o YHIATMNARELERIANE, FKMNMIHKBTIHES (information).
FEE — &mE

o —HEBHMNMEMBL, XUHFBEXFRANEKIREILIEFRBKX (more random) , BELEME (more

chaotic).,

- BARABEMFRBAE: prmrase — 1.
- Ho—#Em, EMEREL: rermgme — 0.5.
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o 5834 (information theory) EFIEBMER. 47, HHEFE
R PSR,

o ER LR AE LK (Shannon entropy) EEMHZEX (random vari-
able) {SEHIK/N.
=- pclogp..

xeX

~ H(ABREBRBHATHE) ~ 0.
- HbE ) ~ 1.

ERETEASETIHY
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Claude E. Shannon, 1916 £ 4 A
30 H—2001 £ 2 H 24 H.
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Bz (EMA) HARBFER?

FhE

il

o EETFHE (quantum mechanics) H1, BRGEHTS|Y) (state) ik,
BAURTHEESHEN (superposition), 4N SCHRODINGER’S CAT IS

L (o) + 1) ALA:VIE

o HERST |v) AT E R L RABR.

) =

%\

- WERHKRELRT V) & HERBERE 1
- MERRREBLAT 0) &, HERHERR 05.

S
o BHMRET HEMA RN (intrinsic property). s Coreers =)
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o EF44E (quantum entanglement) B —HZ M I EHIRAN EFXE
ENE

° EE A REM B REMB T

A. Einstein B. Podolsky N.Rosen

1
7 (101) a8 — [10) a8)

Rt A KT |0) (1) &, MARLE B —FLT 1) (10) &

|$)as =

o BFUBMXBMEEEBEBRELR (spooky action at a dis

tance).

A. Einstein N.Rosen

EPR=ER 5§78 (EPR conjecture) o BTMEMRMET AMETHME (BHIERMRE).
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o EFEEREFNFEEERHENES. UEEIMEMF, UEFREFEAGEEHE, KEELXY
O, ARESIEEXHIZERA.

° BEFERMLRETFLE.

® 2022 fEif NU/RMPIBZFEIEIZT T Alain Aspect, John F. Clauser #1 Anton Zeilinger, A RSt {i17ELEIE N
IRAEX X 2 FERIEIEH I ISR

SN
N(uk/(
3’(

John F. Clauser Anton Zeilinger
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o BEFERIRY, BEREHHE DK Z/H (von-Neumann entropy),
WiE T BFEPERIIKAN.

S(p) = —Trplnp.

o XTFYUES (9)as, HEMIDIBERSHERE 0, TES A I B HDiE
kEMHHEH In2,

° FREMDIERSHMERT REZELUEH K/, FRALJEEE (en-

tanglement measure),
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John von Neumann, 1903 4 12 A

28 H—1957 ££ 2 A 8 H.
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LETTERS TO N/

cloned

A sekEEE (No-cloning theorem): IFFRAZ [¢), TEZIMAEN.

o ZMEFRTUES. BEFEEATER.
o BFSHWNEREMEHERO1.

EFENELMLETH (unitary transformation), B2 UUT = 1.

) — = )
0) —_— [¥)

W. K. Wootters and W. H. Zurek,
Nature 299, 802-803 (1982).
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Photon with ‘ ,>
quantum state

EPR Pair ,~
6) ®ee.

Quantum
channel

Time

Photon with
quantum state

U>

»
>

RRETFEESE

HARBFER?

EFER(EiE (quantum teleportation) : BidiE
FRETYE, WIASKTRMETSHIEEREE.

o BEFREMAERFERNEE, FRMEME

o
LR R PIRATERRE R
RREH.

° BFRR

o BETREABLELIBIE
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EFi8E (Quantum communication): MEFNFEEBHE UE
FEREGEAHME, RiITHZUNENRZENBER .

o FAREEERE FRELAMNRRHIENM.

o BFLERMHTHEENNATE.
o MR, EFBENEIEMIFETERERMBERIR.
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EF#HNF (quantum thermodynamics): JREHRNFEEFERNE S, HREBEMNFHRIUAIREIRE .

il

o ERHTFHL (Maxwell's demon) BELEIBT TEESRNFHXR. EFYUEMEFHET (quantum
coherence) ARITEBFHH, EFHMRHTHAHFR.

o BFRANFLTFTI, H. /=4 (entropy production) M AFMERIHIEREIIEMR.

o EfEIET (arrow of time) SEFUBWRULBEZVINKER.
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A =454

Alice’s

qubit Teleportation

Wy —p—]

" ‘ o EiE{EE1¥Z (blackhole information paradox) : Z4&

5 " I — HFX P — M FEANERE, YBEEETHE?

109 5

o o BFHRHMBTFER: EMERTFHIE (quantum
field theory) ERTHAETER?

05 ur

o) LT o EFHEREQNN: EFHNEERTRRTHEEHN
4E (EPR=ER)?

0}, » 10

Quantum :
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HARItE?

EDITED BY TONY HEY AND ROBIN W. ALLEN

@ it& (computation) : Z4FEMN (input), RIBELERIMN, 5205 H
(output) HJTFE. MMBEFRAE L (algorithm).,

o k4% (bit): —HtEI%L (binary digit) 0 0 1 #RAEEYE.

=
<
=
=
>
Lo
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a
(=)
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=

o ItHEZE (computational complexity) : Hikis HMIHEZERHFREX
INSBNBHEABEXNZ BHXE .

=
FEYN MAN ~AE o AEBY, RHHPBANY. FEEOERER O(n);

LECTURES ON - % n R KEMERY, HHEREY SHRANENEHR

COMPUTATION sisREy 200,
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ETIHE

o EFitE (quantum computation): EFEFHFEE, SWEKIHE

%
o EFLkYE (quantum bit) : ZiHGIEFSIRAEFILEE, W0 [v) =
David E. Deutsch, 1953 4£ 5 al0) + 8]1).
A 18 H (70 %)

o 2FHEL (quantum algorithm) : =8 FHLEFSLHITEESHA RN
HEFEE.

— Deutsch &i%: F— it HBHIZMPETE L.
— Shor &i%: SMBREHSMR, HEEELREH On°).

Peter W. Shor, 1959 £ 8 H
14 H (63 %)
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BT EEE

BFL4IEER! (quantum circuit model): BT EEZERAETF] (quantum gate) HEEFLLiF EEWEFiTE
HIHE-

10)o,{ X |

P
NP,
Jan
P

T
|

© HN: n EFLL4E(00---0).

o BFI]: AETH, B 2" x 2" WAIEFEFR.

o Hith: EFILRFNENBMESH.
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Quafu EFIHEZRTE: Quafu ALLtEEFEEREHRE. PRRYERRAMFEAZEEARELNET
HEZFEE. http://quafu.bagis.ac.cn

e | ma | RORR

0060600 DO PEABEEEREEPE
saro ) [ i o =5 [
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ETEERER

o R FK xo € {0,1}" EH f(x0) =1.

o ZMPRHFK: WRTEANIAN=2" KREFEAM (%)
RN R HEEREHR ON).

o BFHEE (Grover's algorithm): FIAEFHMFRE, &
IS

x€{0,1}n

BT EFIVRE, BOSEDEBRES o) £ & F(x)
SSER nVN/4 k., EEEZEHR OWN).
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BTt EH

o ZFITHEA (quantum computer) RLIMEBFIHHEMWIENE. WK, BEFHENHNEEIAARE
i BSEFITEN, BFTHETFHEN, AETFHEN, BETAEFITENS.

o Bttt (quantum advantage) HEFHIN (quantum supremacy) RIFBITAIRIZHIEFIHENE
REBTTEY T ARERRRE T E 2] .

e

2

£EAWBLAK (Sycamore) BFHHEH mEAE (Jiuzhang) BFiHEMN
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BT

° BFMANGONM: BFUERBHARAN -
b4

LR B EA N RERARRAY B 7 PSPACE problems \

o CHMMARMHENEFEEIERBITETH
HEMH T (quantum furier transform) Eiu& / NP problems \

BTEEEE.

@ Quantum algorithm zoo HI3ZHR: https://www.

qtumist.com/quantum-algorithm-zoo; FIZAR: e T BQP T~ ~
https://quantumalgorithmzoo.org/. ‘. P problems ’J
o EFEZE: BQP (bounded error quantum poly- \ )
nomial time) (8] @5 Pial I KNP &) MHIK R .

—_— - -_
- -
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https://www.qtumist.com/quantum-algorithm-zoo
https://www.qtumist.com/quantum-algorithm-zoo
https://quantumalgorithmzoo.org/
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BT 1R

o EF&#l (quantum simulation) : BFE&FIHENBEMEETETF
RgMENFTEE.

o BEFITENBF ZHBETUAREMENETRSE SFET
5171,

o BETLBEASETAREANNXE.

o Seth Lloyd: "BNMFEHHME—ARBEFITEN.
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@ Rolf Landauer: “Information is physics ({§

BHEmE)" .

@ David Deutch: "“What computers can or
can not compute is determined by the law of
physics alone, and not by mathematics (3t
BEMEEE A RNRER (T2 R W38 % R
E, MARKFE) "

o BFIHEHRTMHBRARESN, HEF
B EwrsIE.

o EFERAEICYIRRM T HAIAREX.

o NEERFITENEMRHZ=LEN, BAE—
FIEA1R!
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