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WERRREEESIEL,
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from pygpanda import x

qvm = CPUQVM()
gvm.initQvM()
qubits = qvm.gAlloc_many (1)
cbits = qvm.cAlloc_many (1)

# MEETRTF
prog = QProg()
prog << H(qubits[@])\
<< Measure(qubits[@],cbits[0])

# ETRFEA, HEEWNELR
result = qvm.run_with_configuration(prog, cbits, 1024)

finalize()
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HAEITMET, w Tl SIT. Z 1%, kERETIERAEERTWT:
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%
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2T EBERAT A BTN, RBRT A, TREENNMME ), BAAHT, RATUEX
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T
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THERNRTURL = AERF R N ORET

(5) B =M EBEE N, AETERFELRIM P EBNA ARG, FHFET
WENETZZEF A ILRREANIELFER, RELATETHE NN EE,
B EEALERT I,
AHEHTHEF, BTHEAE2AMEFRIRE, TH2FK AP +AP2 A1 W
BREIH, MWHTUERTRARSNELER T

) AP,
y =

\/AP2 + AP?
) AP, (2.11)
xr =
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AP? + AP?

it ENE, TUEA atan2(AP,, AP,) BHREBEZH N #ilEH,
(6) A Fr¥# PyQPanda £0iR, TEAMIZITRE — e Boh £ KEANE N, B
AN EEMRENERF, BFREGEAE QLab2_blank.py X4+ 44,

2.5 #h7Aif
2.5.1 U | I5#A&MKE

ERE ERNFILEAFEMHIKE (Bloch Sphere) RETE FTANT &,
ERATEM N EETHETIHTUARE LW - ARXZT. BTEETHET
TAUERH N ETHHNF AN ETANBRS, RNTURETAEMEHAE L
Wit RBRA MK TAAET]. BAETIIH U TO%TR, REFHAN:

0 2N
2

cos( —e sm(%)) 519
@ .

)
e?sin(4) e @M cos
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Bl —#Ha 5%k, RINTULANENLKMEERESE X, Y. Z =AM Hik ik

#EF—RX 1. RY 1. RZ |17, EHFHAwT:
R.(0) = Us(0,—0. 0y 8] i)
2°2 —isin(4)  cos(%)
8y _gin(?
R, (0) = Us(0,0,0) = Cf’s(;) Sm(;) (2.13)
sin(z)  cos(3)
1 0
R.(\) = P(V) = Us(A) = Us(0,0, ) (O )
(&
SUTNREFUHENLRAWEREANEZ RS FI], BFELNETH, 2¥FEFITHHMLR

U IM#RR, Hik U TR EDET,
TIAEEFEHRZITE P 1%, RAOGTULTEHY, RZ TT5E P 1. KIREFTEF RZ 18 %
BHREGHAR LT 25, EERR ERFNH.
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EARRWIEN m BRI A EARY X 1T, Y 1T, Z 1], EXETFAH
Fo A 7 DA TR DL AR AT A o 0 X B T AT B AR S

X—(O 1) Y—(O Z) z—(l O) (2.14)
10 i 0 0 —1

Mest, HOITH #e T oA

1 (1 1) [0 1) feos(}]) —sin(})| _ ™

= V2 (1 1) B (1 O) (sm(i) cos(G) ) 7XRy(2) (2.15)
WOHITRBTTUEREREMKE LR Y ik I 5, & X #ies n, I

BI2.5F1 7R

Bl 2.5: HITX#H S € TAWEHTRE

HEe, x BHH) M) oy EH O MO 2 EA0) M 1),

2.6 ZRERADAN

2.6.1 E#H

(1) w2 1 FroR e 2 — A8 F o B OriginlR B F R, B FHAERAER 0), #
EENMNERFE (ELLHH 0. BEoeHHA D, BLFESRKHITUHE
(U E R, ERWERE—TUEH K.

STHED, R X IRAZEEE FHIE]
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7l 2.1: —/8 FEEH OriginlR 2 7 K5

1 H q[e]
2 U1 g[e],()
3 Hg[e]

(2) & “WERM P I TWEMLREE” XBF, ZRERCRER2IFT:

Git&ER
ETRBELEMN 0 1 it
H-P-H 3112 984 4096
H-P-ST-H 3783 313 4096

k2.1 ELBigFkk

T R Kk A B 5 VT B R
A B.3 C.

w3y
U o
w1

2.6.2 LRWPERNEK

TRAZERE, REERKABHRZELNERKE., ZRENCEUTHZE:
(1) 26,19 F BE ML,
(2) BAEREZRERNIBRLER., £,

S itf2 k. EFHEERE. PyQPanda # Python A% — i —;

ERERN: HR22NWEEFER, RAHMGELER, ARTEHHER & —.

LINIEES EHBE

B, B 4 A 0 1 E#H pO) p() R EEAE 0
H-P-H cost) =
H-P-St-H sinf =

*k 2.2 L2 HERAHME
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3.1 EIBEH

(1) BRETFHBHEA;
(2) MBS B RRL R f B BAR C 11RO 1 A
(3) HBALERKEATENDE L EFHHEERE,

3.2 SR

(1) 235 CX [THE A 7 3% 3# FR £ IR E T ity Bell &5 =8 T4 i GHZ
A, EREBEERKERR,

(2) * b KA R RS S AR, AR E T R E L,
SAF KB TFHENRRETUEA,

3.3 ®ER4&H

3.3.1 =744

SN ETHRBREUWRATETHERS, WERFLEEL B LR
FHURARERER, WEREFBALE M TRENZETIRRAETAE. flw,
REFA0,0) TUHRMATANLETA|0) #(0) WEKER':

VEARIA R G S, RBE ARG, PR AR AR — R SR I B R R TS
ko Blin, ZANAEFHE qo. q1. 2 WREAAKERE N |g2,q1,9), BRENFATHES, MNEARE
BA#H: |g2,q1,q0) = lg2) ® lq1) ® |qo).

AATETHEBEN, RBEHAFHNLN, —HAE LRB ARG, ETARA S,

15



Xk 3. HAWKETFE=ETFHER 16

G g
o (o)

0,0) = ® <1> =10)®]0) (3.1)

o O O =

0

ERETA 5(10,0)+]1,1) ATRERLKERFHAZEARBHLE TS, £
Bl 4 47

1 1

¢§M®+HJ»:7§ (3.2)

= o O =
Il
/o~
> 2
~_
&
N
QL O
~__—

M4 %3 ac#0, bd#0, ad=bec=0, K32k,

MWHEAE, ZAMRERE: dXFAETFAFRATRAN, 2118 50% 8 &
MR “0” A&, A 50% B REEA R “17 . RN —NEFue, RACAT
“07 &, MA—NM—FHAT “0” Z— A REXANETHRETF ST,

WA F AR AT AL F A B A AR E Bell & (Bell-State), RATH £ EH
REMEA.

3.3.2 CX |] (CNOT D

FURWETITIUA AN EEERT, T o WRHETIUTUA 2" H
BEMELT, CX [1T& RN ILFL ], REEKTWT:

1 0 0 O
0 0 0 1

Xy =10 0)0] + X 1)1 = | (3.3)
01 0 0

HAEF LB A “wFR g N |1), M ¢ HA X 177, HEELEHEEDR
K31 R

B B1ERE
qo q1 q0 q1
0 0 0 0
0 1 0 1
1 0 1 1
1 1 1 0

% 3.1: ONOT |1#1 %
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HF, TEE g REFM, T q WEENZET g ENER—L ¢ &
|1) B &% g, T g0 A |0) B 2818
An, Wk q LT 0) 5 1) BRESSREFLR?

3.4 ERBRIRE

3.4.1 F|A CX [14#9:# Bell &F GHZ %

(1) BEAREEF=TF6E, FNALZETFTHERIGEFLING =R E, QIE -
=)o

(2) MEFUENBEERENAA, FAFTEENRZRELTAN.

(3) MEWE31(a) oy, ENETH “THKE” FUFETHETS, WU
FEWEB LD HAER: YHETAANI0,1)=10)®1), £F ¢ LT 0) &,
go AT 1) &4

TREBIG AT =
) : : 1
o i - 08
il |e> g 06
ql1l | 10> 2 o4
© 02
0 ~
(a) BBH (b) “TmE” Fosx

B 31: CX [TeB—RKEETA

(4) BRBRE X [TREZEENRAN, AETH “FTHKRE” Fo0AZA, RIELE
A CX ITMETFHENFHE EXFHREEERTE,
(5) Bk CX [T 1, 8/ ¢ RAEHIM, WE “TIHRE” & 0N E N mE
JRIE o AR AW LA 3T DT P A 7 ok 2
(a) MEBREHH CX |1, EEFAMEE CX [TEHRHERE g WAE L, i
EI320R, BAET q 4B LS OE, g RAYEFAL
(b) #4 M OriginlR 42 & 0+ E /KD “CNOT q[0],q[1]” %A “CNOT
q[1],q[0])”, AM 4 B AREALZF KRG EH EREBETEE.
(6) £ CX ToI#E H |1, #EWE33F e, BIAE “HMkE” §0, &%
RUHMETELT 55(10,0) +1,1)) A, BHXAT EFHE, RMNFMHH

PAREGEFRING T EEHERZ LG HFENMK
SR 2020 KL EEL B EFAE A 3.1(b) LA IR H
AINAEE, ELERRA, WHEXHH B - KL,
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1

2
ql0] | 10> II "
ql1] |10~ l' O

Bl 3.2: CX [THHELKE

@A “Bell &7,

1 2 3
q[0] |10~
e

ql1] | 10>
©
A 3.3: Bell & &5

(7) NE “FIHHBHME” 0, 2XTAUHATANAETFHTANE, H 50% 7R
Z| “00”, & 50% FlEEMEAE] “117,

(8) MBI EAF L F X LB FLER:
(a) AHEIRAS:

o) = ) = [0) = @ (3.4)

(b) q0 WL H I71:

H|d)'lo> = |+> (3.5)
©) @0 @ BEHETFATUS 4.

1><<1>
mem=—| 3{|=5

1
! (3.6)
V2 (ﬁ V2o '
0 x
1 0
(d) ZEAREL CX |TEHNETFAN:

1 00 0\ /1 1

11000 1|1 1 ]0
CX(|0 S S 3.7
G>®H)Aﬂ 00 10]]|o V210 (38.7)

010 0/ \o 1
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CX THATEMSHE FHAANERLTUAUTHMEREAREHF T AT E

B A FE AR

(a) ATHEFCHE FURREALTENA, REREE “4T 07 SH8HL”

o /T U AL ﬁ#%uLLCXHF “4F ‘0 é%ﬁﬁ”
&%Eﬂm “UT VU AL MEHEERLHN C—He” RERT 1A
— X ER R A T AR S E RS,

(b) WE CX [THWEFTUAAXZ - NEREF—HAHTHENE, R
REHMEHRSMHMLE; CX [TEATE FHHEHERLTUERE CX &
MERATEEEFASNAE—EEEIEREEHEN DT 2 BAREE
T — AN o RHR A

(9) FE, ZMNTULE=AE FH&FN GHZ & (GHZ-State) B, wE34HR,

qlo1 | 10> l' HH
q[1] |10~ &
ql2] |10~ J; HH

E 3.4: GHZ &= %

(10) EaREBERE, AL FHKE". “THRIRE” FHEF D, BBREET
MNEEERATRFEENRE

3.42 * M. —E TR —MHERE THES

NFZAEFHAERK, BT GHZ LU, TF —HMHEHANETHUES, £ H
W A& (W-State), EHFFHR A

1
74W0D+mLm+uoo» =

SO O O = O = = O

AT RARAHZAE T RN, #2405 =52 — HHERE
«001»\ “010”\ “100” ng%o
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M QAT EETFHENFHELEMES, A—4 RY [TF—4 CRY [T##7
— N,

EABEETFTZTEFRFARAAERME CRY T80, ER(ITUA CX [1H
RY [1#i# —4 CRY |1. CRY |1#EE Xkt T:

1 0 0 0
cos(4 —sin(4
cry(e) = |0 B0 T e Gy (-5 @ nliekRY () o 1)
0 sin(4) 0 cos(%)

(3.9)
EARETFTFEFAETIIRTINE RO TESH T,

1 2 3 4
ql0] | 10>
()
Bl 3.5: CRY |T#9%oK~

M Q#ZNE T T FTE3CH T, L+ RY [THEH Y arccos(—1) ~ 1.910633236,
CRY 15 # A n/2, AAKH OriginlR K& EH3.7F 7,

1 2 3 4
ql0] | 10> IHI
()
E 3.6: [T Q #y#h 4 e B

Kuagmze O

RY q[@],(1.910633)
RY q[1],(0.785398)
CNOT q[@],q[1]
RY q[1],(-0.785398)
CNOT q[@],q[1]

K 3.7: B EH OriginIR K4

GRTXANETIVE, BTN .  BRAETITUTN: &

w
_ O = =
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Bt BEAETHRROERRSA: & , BET o EARLET.

SO O O O = O = =

WAEEBRHETANESENRETARNE, THAA-EMEROKRERZ —H
#, RARELANCE L. MANREGZEARFNETRBHRTEHE Q, 7
BULIAXMETEPA? EX:

(1) &F Q WH S EBZEAMETI], ERRELETAN:

1

V3

(2) 15 F ¥ T B0 B 4

RB7 W THARES BARRSMEFUEMENE ST L, AR LT

it B B EAR AR AT E R TP TAF B AR, EETE—, AP —FFEAS
Iy sy RAAGE , IUEAE.

(10,0,1) +10,1,0) +11,0,0))

3.5 #FEAiR
3.5.1 #=H|7]

JLFEN S EE FITHAE AL EF T, £ Circuit Composer F & F, R
BRI imrEs 2 rFE T L, A2 Es]. B8 Tmwe XET:
MHELKHETITATE, CAIIESRE “WREFMCHN 1 NHEERCEA A 117,
B A DA

()

CAgygy =1@[0)(0] +A@|1){1] =

(3.10)

o O O =
o O 8 O
o = O O
/U O o O

3.6 LI R

3.6.1 A E

(1) BFARE [0) fo |1) HRWEFAKNEREFA, HIFEER:
(a) IEBFAMTUEEREFEAL S EMNAE L,
(b) HELE—EAREREFA
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(c) TREABETFTAMBAMELS,
(2) HAEHA CAy—q = CAgygp HHRNSE A=P()) = (1 0 )0

0 e
Ra: BE R AR F A2

CAgyng =T®[0)(0] + A [1)(1] CAg g = [0)(0]@T+[1)(1[© A

3.6.2 LRM|ERKEK

TRALZRE, REERKABHRZALNLRRE . ZHET@EUTHE:
(1) HE36.1FTHBEZANME,
(2) M Andedk: EMEAMA “ZFTreey 3 — MRk ToES ke, R
AEAETIRE, F, EAETIRERL X TR CX 1. /XML THE
% 0Y TR R e
(3) MEAZRERWHBRLER, HF,
i itiz 4. B FEEE. PyQPanda # Python KA — i —;
EWLERA: AMBEREER. ARFEUHHELER & —,



K 4

Deutsch-Jozsa & = H

4.1 ZBHEH

(1) FENE A Deutsch-Jozsa 5 % #y B fn JFHE

(2) E#EAFBALEIT (-1 RS BHEN FE.
4.2 SLR#ER

(1) TR % &EF Deutsch B ik B #;
b

(2) %A M EF Deutsch-Jozsa 5 ik o BB #5722 .

oot

4.3 E ¥ AR
4.3.1 Wz EE (Oracle)
B E AR B,

Zo

A 4.1: lE iz oEs

LR 2020 AA T &L W TESEFAE 4.1 FRVFEFHIRNEE,

23




SZ3 4: Deutsch-Jozsa 5 ik Y 523, o4

f(X) B—=Am A {0,1}", EHEA {0,1} WEK. YA z0,21,..,Zp_1 H
—EZHEWER, £ f(X)=0, WabE5HA—3; £ f(X)=1, W& y.
T X €{0,1}":
=10) B, #WHY (X)X
=|1) B, #WdHH F(X)X
T LAAR

Up= Y (IFOXN0X|+[F(X)X)(1X]) (4.1)

Xe{0,1}n

P, BAE X =+, +,..,+), Y =F), TEELREETA:

1 -
Uf|_7+a+v~"7+>: " Z — | f(X)X))
2ntt Xe{o, 1}n
Woresi > ( UG ONEARY
Xe{o, 1}" 49
_ L - S (-1)fN|x) (42)
\/27 f Xe{o,1}n
1
=P o= > D/Mx)
\/T Xe{o,1}»
THEEH, 23 o Uy Z Al
T T L TE T |
Ubefore = |—|—’—~—7 _,_7+> — |0707 70> + |070) ) >+ +| ) ) ) > (4.3)

23

ZH U 2, X WHRBRAERE, BEFAIL (X)) =180 X NG TEIRS
BRT BT XA LUE— R EI F AT AR 5 B2 3 4 R0 e B AR E T = AL
(Oracle)s MEAEHEAAE B HW AR EM, METHEENWEILANRE R HE N
RMFHFHEDE.

4.3.2 Deutsch-Jozsa & & fif i B %

WRMNTEM X, f(X)=0, A4 Xafter = Xvefore» BEEE [+,+,..,+);

WRMTHEM X, f(X)=1, B2 Xapter = —Xvefore» HTERREMEHKE
FAEAE, AEEMAHE [+, +, ..., +).

KR, Uy Rﬁ%%%f}i@z&&%@r Ho HEwEI2F N T E R, NmR
fla) BEEEEK, £R—%A0,0,..,0); BELTUEY, Wk f(z) B FHBE,
%R —E R THELE0,0,...,0),
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Bl 4.2 BFikcEaek

4.4 ERIE

4.4.1 ¥ & F Deutsch & ErE B #E#E

(1) BEAARETZFE, #NAXETHEZIGETLINGZRE, Q&%
%

(2 METHRHEEREY 2N, ZRFHFENHEREN 117

(3) BEWEAIFRMINE R, EF o H X, a1 H y.

ql1] | 10>

K 4.3 BlRTE&EE

(4) RIEEBH f(X) RATEN Uy, KEHUFEEHH F(X) =1 HHl:
(a) % X fny EZHERIM MY, wRLIPTR.

LI B 2K i

= = O O |
_ O = O
e e

% 4.1: & F Deutsch &8 B N\ &

PRHEGETLNG =T REREZ AT HEE K
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(b) & UyslyX) =y X', RATITLUEE Uy iEFH K

00 1 0
0 0 0 1 0 1 1 0
U; = = ® =X®I=X; (4.4)
1 0 0 O 1 0 0 1
01 0 0

AU Th, R g R X T, TR go BT AR,
() % & BE A LA S s, LT,

1 2 3

ql0] | 10>
ql1] | 10> n
©

Bl 4.4: 28 TIE-TIE 88

(5) meE¥ X BEREL HI|TEAN, THEEFLRME, XBEREN ¢ A H |,
KE MM, A T BB LT,

3 4

1 2

& 4.5: T#E#EF Deutsch & F B %

(6) ME “THRFME" Fo, TUFE M X B go #HATHM, ERH “0” BIBE
£ 100%, EBH f(X) REEEK, FATH,

(7) % f(X) BAUTHAMNFERE TN —F: f(X) =20 3 f(X) =70 ($A£FZ
128 % %% 84 hash B FHRI—FF, BARALELC2T REMERLLD, EAES
B (3)7(6), WEMARN X #HTUMNERFERTS AT,

(8) VAT 24 ¥ Rk JF| 2\ 9 4B [ 1

100 0 0010
000 1 0100

—CX ~ X, -CX 45
0010 0=t 100 0 1 CXor - (45)
0100 000 1

WA AER E TR AT 5 2 [ 6 2 Fe T A8 X o
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4.4.2 M & T Deutsch-Jozsa & £ #8515

(1) BEAKEEF=TE, INALETFHEZSIHEFLING=RE, QIE—H
B,

(2 BETHRFTFENEKEREN 3, ZHURTFENEKEREN 2 /1.

(3) ¥EWHEICH AT &EEE, EF q, a1 I X, g2 H yo

(4) REBH f(X) RIS Uy, WK UFHERLE F(X) =20 D21 B
(a) %% X foy EZHLFFRHARANTRE, WRI2FTT,

N B # i
X X'
Y T1 To f(X) Yy =y o f(X) T =T1 T(H =T
0 0 0 0 0 0 0
0 0 1 1 1 0 1
0 1 0 1 1 1 0
0 1 1 0 0 1 1
1 0 0 0 1 0 0
1 0 1 1 0 0 1
1 1 0 1 0 1 0
1 1 1 0 1 1 1

% 4.2: WE T Deutsch-Jozsa 5 i 85 fr N 1 &

(b) B UslyX) = |y X"y, RATUFE Uy EFFX:

= CXgo - CXq0 (4.6)

o O O O o o =

o O = O O O o o
SO B O O O O o o
S O O O = O O O
o O O = O O o o
o O O O O O +~ O
SO O O O O = O O
_ O O O O O©O O O

0

(c) 48 Uy oo, R%A q, g0 HA CX 11, B q, ¢ 88 CX 1% #
T RE LR RS, & LT,

(5) &E¥H X BEREL H [TEWN, BIX g, ¢ H#EA H [TEAM, x4LxE®
B4 B 4.8FT R o

SRR AR E A EAHOIEAZE QMA T& M, XEHEERTRSM, ERTE—
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1 2

qlo] | 10>
ql11 | 10>
ql2] | 10>

©
B 4.6: W& FI&HE

1 2

3 4
q[0] | 10>
ql1] | 10>
©

Bl 4.7: X & T&-TlE B

1 2

3 4 5 6
ql0] | 10> n
ql1] | 10> n
CBadd

K 4.8: TE W& F Deutsch-Jozsa H i &
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(6) WA “FHBPME" &0, T UFEN X #HATRMERK “117 WHEE 100%,
Bl R#ELAT, iEH f(X) TA¥EEREK, HAHTH.

(1) K f(X) BAUTAANFEREFH—F: f(X) =0 f(X)=1 (AL T2
B 4 %%ty hash B FHORIR—F, BRARLEL62F KRN KAL), EESR
(3)~(6), WA LB X AT L R ERE T AT

4.5 #h7 AR

KA3A 16 TN EREENETIIHE (BREHFIN “123456787),

H 7| 7 ITH70F (E#aFHZD

1 2 3 4 5 6 7 8 -
1 2 3 5 6 7 CCXp1-2
12 4 5 6 8 CCXpi2,CX; 0 2 Xo, CCXo1-52, X0
1 2 5 6 CXi0
1 3 4 5 7 8 CCXpin2, CXpso B Xy, CCXo152, Xy
1 3 5 7 CXy_o
1 4 5 8 CX_9,CXy_2
1 5 CCXp1-2,CX1 42, CXp0

2 3 4 6 7 8 CCX1-2, CXi2, CXoy2, Xo 5

X1, X, CCXp12, X1, Xy

2 3 6 7 CX, ., CXg 0, X5
2 4 6 8 CXg0, Xo
2 6 CCXo1 0, CXos0, Xo
3 4 7 8 CX, 0, X,
CCXo1-2, CX12, X2
4 8 CCXop1-52, X2
Xs

k43 PENELRERNETITHER
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4.6 LIS RO

4.6.1 BEEH

DJ Bkt BH RN LB H — N ERZF AR KL EFH DY, B
FT—AERE: “BHRRTERAFEILIEFHEL” . FREMER: f(X) =
zo ANz, BERY zo=a1=18F f(X)=1, EAMRNEEESHHEHK
HEE5F@EL. FERHMUKA? FTER-ADRLFEEK f(r120), HEHH
DJ Hirme B g £ WL R? SHBERL IR EENE,

4.6.2 ZHPFERTENK

TRAZR G, REERFABHREXMENNERHE. ZREACEUTHE:
(1) M FAC1T o+ EE AR,
(2) MeEAZTRELXWIRAER., KT,

Stk EFHEE. PyQPanda 8 Python KA~k —;

IR RA: KHMGELER, ARFEHEER — 8 —,

SEH R A %5 hash A Hf R TH
28T DJ HimEER 1M F(X) =0 f(X)=m
WET DI HEE LR %2 fr f(X)=0 fXxX)=1

& 4.4 f(X) HBAN X



BB84 1 P 5L I

5.1 SZEXREHH

(1) E 2% BBS4 il b £ ah;
(2) ¥ BB84 By A RE.

5.2 SCIGARIA

(1) RER AR, T # BB84 thil, #ZTREILZH VG 8 AT E & R 4R
BEE;
(2) RIBREHARA, EMEL BB UK 1024 ATHE A RE HHRE.

5.3 FEIIR AR

5.3.1 BB84 il

BB84 thil 2 & FTEH¥ + & — A4 4 XD, & Bennett 77 Brassard £ 1984
FRYE, WEEAMERRSNETEAL AT EZL —. BBS4 BN T 4
Rk SR ATRG: KPRIK, ZERK, ArRBE Rk, ZrRBRK: WE1HR,
£, SRR AETRERERL TR MRASLBER, EE& WKL THERKLT
ZE RS EAER,

BB84 h N LA FERANGHE: ZHGENETFHE. FAFEERRALS
Alice fugzdt 7 Bob Z [H gE #HAT - LN ERFRHXIE, METFEATHEHEBEFTER
R E N E T A

BB84 #h e s H BB T (UL 8 Al & 4 -

13 X B X A : horizontal (0°, or H-polarisation), vertical (90° or V-polarisation), diagonal (+45°),
and anti-diagonal (-45°)

31
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& () (e) (d

a1 o

B 5.1 KT 4 Rk

(1) K77 Alice HHL>™ £ —H —##|F 7| sA, BEHMEH 0,1,1,0,0,1,0,1), K5,
Alice A&7 —AMEKENEIF T mA, BEHKEN |b,a,b,b,b,b,a,a), HE
F, o K&K, b KTEREK.

(2) RIEXFAMNFI, BHF4E 8 MEF, BELTHHEBEILE FEEFHZ Bob
Ao RFWRS I TH AR A EBENETFHRAS,

M E sA K %E mA HFRAE tFRTE
KA RN 5
0 % Am Ik a w5 1(a) 0
0 B 1 b wE5.1(c) +
1 % Am Ik a wE5.1(b) 1
1 B ff ¥ b 1 E5.1(d) -

& 5.1: AFHRAWESH 7k

(3) @ TEH Y Bob H At iz A WAL #ATNE, Frid Bob & R —AMEALFZ
FxkaBENEE, BREHRZANEEFH mB, BEKEA |a,a,b,a,b,a,b,a),
Bob XAt FH# AT £ .

(4) ZJ5, Bob I A #51#E &% Alice MEEFF| mB, Alice 3 Bob Wl & #
F7 mB i BRENKEEFT| mA, FiE % Bob Pk Fl 8yl & F o 76 L
MELEEHTTURE, XH Alice 71 Bob Bt 1#H — 4 AT B9 H A — SR BE AL
—HHEFH, AR, THEIRWERS 20N, FREHE 1. 2, 4. 7 L,

(5) Alice f2 Bob At Ah RN n fLH AT ER L EMFENE, Uit EH
SHAETHRRDE, WRABMAAAL, ELGTH, B, RE&EREH
FF A 1,1,0,1),

(6) HiREAKE (B, FELANBEREHNELE RO, NELRSERET),
WHAFEEGT 5 Eve, H Eve RBF TR LR, MLRHFAKE R, FREE
BK, MLoBLREMERBDARAFERE T AR T RE Eve RENGER, &
5| Eve — L AT40 89, Alice f7 Bob 4 M AL & 4,
£ BB84 thil o, FrR AR & mik A BRIk LIRS, BRI ERE, REN

TRRE, ZRELTHNELERBEHAEAESERR L TN ELERETAEH,

Hit, MELAEREFRENEE. BhE, KFHAZZER 4% Bob WllE, R
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sA mA mB el
0 b a 051 (&3
1 a a 1
1 1
0 b a 081 (&%)
0 b b 0
1 b a 081 (23
0 a b 081 (£3)
1 a a 1

% 5.2: fRdkAL kK

H Alice IR %% mA fn Bob 8l 2% mB — %A, WEER A EH. MwRFAL
G Eve, RMEXR 2N ERETRAFERE, RHLYTRENFIIHEKE,
MeB Bob W ELER K E5E R LWWERAT . BJ5, Alice 1 Bob £ 4 i #8 # il
FRNTEA R ER AR, TURENERZ RN ZHD, ATl 2t FES
Fro A, BRESTERERSEFLERN, BRENZETTX M, BETTY T
BRHE, Eve TH A #HMNENARNE I ETA, WA TrEF LR
TRER. REEATEFERFNLT, RERBWATFIIREK, Eve WHEAR
—ReW AN, WHEREMET A wEZERIET BB4 il TR EH LA
Tk,

5.4 LIS

AR E W H (1A python B AN 1024 185 BB84 Hhil& . &L b
TAERBEEEN, LBRAREGE &K QLabb.py.ipynb, ¥4 44740 T
(1) BRBELZFTRFALTHEL BN “07, “17, “47, “7 W, A—1FH#
basis & &7, WH5. 1R,

Bl 5.1: REFATAEH T

1 import random

2

3 basis = {"A':('@"','"1"),'B":("+',"'-")}
4

5 # basis['A'] = ('@','1")

6 # basis['A'][@] = '@’

7 # basis['A'][1] = '1

8 # basis['B'] = ('+','-")

9 # basis['B'][@] = '+
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(2)

10 # basis['B'][1] = '-'

RX T MEH TN RAA— A EHK measure(), WH520R, ZEKEX
NS4 BREIWAET MY REMEE b; WR q WAEEMNEEME,
TR e R AR B — S R E, TR E—AEALE, W ZEST.

Bl 5.2: = XA ME A

1 def measure(q,b):

2 if q in basis[b]:

3 # basis['A']|basis['B']=>q in ()=>q 2 T B T & /()

4 return basis[b].index(q) # R EqxE()E M ESI

6 else:

7 return random.choice( (@,1) ) # % A\ — 4> o0 4l & 4 [ AL 40

s JE
i &k R

AR FEALE 3 E F Ak f A, wmE5. 307 R, 4B & alice bits #7 alice basis.
% I random.choice() B R H#AATHN L, ZRHTEY — A TH, BEIEE—
NFETZTEANTE.

Bl 5.3: & RIEALEY Z 277 fn R L &

1 N = 1024

2

3 # Alice

4 alice_bits = [random.choice((©,1)) for i in range(N)]

5 alice_basis = [random.choice(('A','B"')) for i in range(N)]
6 # WE-—IMKENNW, HFEENSNTEAN(CA",'B") F it HFHlist

HYEETEE LFR, £RAREHETIR, ZKHANFIE sending, F5.457
o XME—HZHE FH AR XL RAL, KA basis FH A BB T A it
AT H| 3 m\ sending.

Bl 5.4: EFEHELR

1 # Q-Channel

2 sending = [basis[b][i] for i,b in zip(alice_bits,alice_basis)]
3 # flE—A list , EH W T4 K:

4 # zip(alice bits,alice basis) & [ —

5 # Hw[(1,'A'),(0,'B"'),...,(1,'A")], K4 1024 # 1list,

6 # HFY SN THME N(i,b) kK MbasisE &K H, 4 /5 #E 7 Asending
7

8 # zip() HfE .

9 #a-=1[1,2,3], b = [4,5,6]

10 # zipped = zip(a,b) = [(1,4),(2,5),(3,6)]

12

13 # zip() W& A .
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14 # alice bits = [1,0,...,1], alice basis = ['A','B',..., 'A"]
15 # zip => [(1,'A'),(0,'B"'),...,(1,'A")] K E # 1024

(5) #4L Bob By B fu " B H LAY Eve W% 7, WwBS.50 . 55 8 %# Eve 59T,
Eve 4 i —HEALN & £, 4 5 X H N2 &4 sending F &K F ¥ 4T measure
BE, FEHETMNEXLTZEREIAT 8 EHF, sending 5 FH EX T ; Bob #
Yorf, AR—HENWNEE, KEAXENEENBE RGN sending ¥ E&M K
F#4T measure #1E,

i 5.5: %7 /B BOE T F

1 # Eve

2 eve_basis = [random.choice(('A','B')) for i in range(N)]

3 eve_bits = [measure(q,b) for qg,b in zip(sending,eve_basis)]
4 sending = [basis[b][i] for i,b in zip(eve_bits,eve_basis)]
5

6 # Bob

7 bob_basis = [random.choice(('A','B')) for i in range(N)]

8 bob_bits = [measure(q,b) for g,b in zip(sending,bob_basis)]

(6) HEMAENEFE LT HEH, WwH5.62H 7. Bob 1 Alice X% B TR & X,
Alice MEEHCHEAHRTUR, PR — B8R TENMEETASTN _#HE, AF
K H 27 5 alice_bits, bob_bits #4TH 5, BT % 4 alice_key # bob_key.

] 5.6: #3518 %

1 # P-Channel

2 conf_basis = [a==b for a,b in zip(alice_basis,bob_basis)]
3 # th#& alice_basis & bob_basis # & 4 4 &,

4 # UL EMEBEERY 1, TUAY o

5 # WREFEHw [1,0,1,...,1] , KN 1024 fx

6

7

8

9

# Alice
alice_key = [a for a,c in zip(alice_bits,conf_basis) if c]

# % conf_basis YEW 4 E N 1 B,

10 # 4 ¥ % & alice_bits 4 & @ A alice_key W
11 # alice key W4 R — % X 1024 fu

12

13 # Bob

14 bob_key = [b for b,c in zip(bob_bits,conf_basis) if c]
15 # A £, #RXRF—" AN 1024 fr

THTRMBMANRG T EENER, AR FERIRFRRT RN, EERALARGET! FA,
RME L EERBRE A T HFANEL, wREAEEEEENBEA TR, WIRAE W EF T4
RIRGFERTE
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(7)

HATRR. LRANETANWFHLD, PR—EEXTENETAL ELTHEN
Z 3t # & conf key. BEIRAEFEME N 0.03, iTH conf key + 1 a4 %% LA
conf key sy K EFE|INE, ZHEN A 1-REE, R HREHTHE, AL
EHEEGT, WMRFEGY, Wl 1REE, TN E bob_key B9 G F#H 4.

5.7 & W54

1 conf_key = [a==b for a,b in zip(alice_key[:len(alice_key)//2],
bob_key[:len(bob_key)//2])]

if corr_rate < alpha:

2 #/ RELREKBE, // & 3

3 # alice_key[:len(alice_key)//2]:

4 # alice key %07l Z| % len(alice_key)//2 5 4 Ak &k (£ 2 &F)
5 alpha = 0.97

6 corr_rate = conf_key.count(True)/len(conf_key)

7 # HHEA KxFTAH True|l HEE, REHRURK (F AR

8

9

print('Eve_detected_with_corr_rate:', corr_rate)
10 else:
11 print('Key:', bob_key[len(bob_key)//2:1)

12 # bob_key W E ¥ I 4 (£ B &)

EREAT LR, BE T4 R

Eve detected with corr_rate : 0.7375

E A0, B4 EHKE Eve WHAE, HAHIRBEN 027 £4, BE—A KR
BHKE. ERLR, BEASTAER, HIET L RWIEHK:

Eve detected with corr_rate : 0.8008

Eve detected with corr_rate : 0.7585

EAME, RMNKEFE (5) F Eve G =ATREERE, RBEHET,
%R

[t

)

Key:[0,0,0,0,1,1,0,0,1,0,1,0,0,1,0,0,0,0,1,0,0,0,0,1,0,1,1,1,0,
0,0,0,0,1,1,0,1,1,0,1,0,1,0,1,0,1,0,0,0,0,1,0,0,0,0,0,0,1,0,0,
0,0,1,0,1,0,1,0,0,0,0,1,1,0,0,1,0,0,1,1,0,1,1,0,0,1,1,0,1,1,0,
i,9¢,1,0,0,0,0,1,1,90,1,0,0,0,0,0,0,1,1,0,0,0,1,0,0,0,1,1,1,0,1,
i1,90,0,1,1,1,0,0,90,0,1,0,0,1,1,0,0,1,0,0,1,1,1,1,1,1,0,1,0,1,0,
0,0,0,1,1,0,1,0,0,1,1,1,0,1,1,1,0,1,1,0,0,1,1,0,1,1,0,1,1,1,0,
0,0,0,1,0,1,0,0,0,1,0,0,0,0,1,0,0,0,1,0,1,0,0,1,0,0,0,1,0,0,0,
e,1,1,90,1,0,90,0,0,1,1,1,1,0,0,1,1,1,1,1,0,1,1,0,0,0,1,1,0,0,1,
1,0,1]

B E#md 7 RNERNEH, GELAXR, THTRA, RARFERSTH
Aoy B iR AR EE/NT 3%,
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5.5 SLIiER M
5.5.1 A%

(1) W% BB84 28T, W M AEL BT HEAN LS BB84 thil i1
B AL ANEH? MERF XY EH? EFRER2AE 41X LK HH?
(2) EFHEF, RAGFRAENENEZTRIILCNLFER, XEFELATITH
EAFEMHERE 100%. BHREWET, SIN—NHEINEE c REETFHLEE (K
) MME, EEALRHFIMNEINNER, REWH: EFLHENBMERT

B MR 5 T X BBS4 il A v ?

5.5.2 ZIRERKERK

TRALR G, REEREEHRIAHLHLRRE. ZREFACEUTHE:
(1) A &5.5.1% o BB,
(2) HAALRERMNIBRLER, £,

S Hrit42 A: Python KA

LIk R A Python RABIZITEE,



LIv 6

>H,
&

* % : Grover FHEHyEI

6.1 ZhhEH

(1) FNEME Grover HEH B fEHE,

(2) FARIE A Bt 2|s)(s| — T Bk AL B BB 77 3%
6.2 SRR

(1) * skt TRNET Grover 5 ikl B #52 ;

(2) * #f: TH=ET Grover H LR B EEE.

6.3 Hl % AR

6.3.1 AR AL E A

WHEE |s) = , BEEME U, =2|s)(s| -1, BRI UHHEIEGEHLEER
A
1 _2n—1 1 1 1
1 1—2on-1 ... 1 1
1

U, = -1 : . : : (6.1)

1 1 T 1

1 1 1 1—2n1

TAEEEAE W TN EZWR (EXIEH SR LS FRA):
(1) BRE-ANHEE—RIRRECTUEAETIT;

38
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(2) ZERGERATE-—WEN, FNTHREFTEITREREBETFHENE.
fldm, B on=3, WH:

-3 1 1 1
1 -3 1 1
U, =1 : : (6.2)
s — 4 : .
1 1 -3 1
1 1 1 -3

REEv=(4,4,4,4,4,—4,4,4)7, £ FHEH 22 = 3,15 U = (2,2,2,2,2,10,2,2)7,
BFENTE& TR FHEE,

KA EEETEARATICENER (Wl FrH “-4”), HHREKRAN.
6.3.2 A (B BB — AR R T vk

X BE AL ARG B ANLEEE Us = 2|s)(s| — I B9—FF 5 #8 77 %

0 0
o1 --- 0 O
U, =H®".X®". |1 : D LIS : El (6.3)
0 0 1 0
0 0 0 -1
s N N Lo m L, X= |1717"'71> -
WEFENEE, xAEkE [(X) = VT E AL Uy (&
0, Otherwise

G y) EREH X, HENTUEER Uy w84 H 1. X [TRZIA U, =
H, wEC.1HTR,

1, X=|L1,.,1)
0, Otherwise

/(XJ:{

Bl 6.1: HOA L BB o — Ak S2FL 7
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Highlight


P : Grover & =y 523 40

6.3.3 AT ENAm AN EE LI Grover & ik

WER—AEHEE N HTROREER, THLFRAE-MHELHD, 4 Grover
FaEm T UA BN KB KEER . NEF L, RAOTUUH, WRA B
R

1, X=I1,1,..,1)
f(X) = (6.4)
0, Otherwise

ELEFEY, WREKE Xigrger, TERRREFATRN X HH f(X); EFE
Fl Grover & FH &, RATH ARG R /K E T,

AERESTUSERA, XEEHES Y Grover Bk B2 H A, B4, F
A HITHE |+,+, ..., +), REFEEINNARBRHEHT N, KEHHBLHKA
M, THEE “TNEN-HAN BT EE] Xigrger WM IBEERIEEH R EK, BB
Wt HY B B A E6.2FT R

K 6.2: Grover EiE T EEK

6.4 THHE

6.4.1 * ikf: WEF Grover H LW KL E

(1) BANAFRETF=FE, #FNEEZETHHAZRFEFTKINE=FE, Gl& A
B,

(2) BFETHHEHNEEREY 3, FAFEENHREEERN 21,

(3) %gfﬁéﬁﬁgﬁﬂ@G?ﬁﬁﬂ?%%E@, /ﬁ;‘:}: qo0~ Q1 75 X, q2 75 Yo

(1) 5% 442 PHFE (1), BHAZTM Upe BAL Xignger = |1, 1), B f(X) =

X =
{L L1 . RS 4 SRR TURIL U, 8 E IR 5
6.10, Otherwise

"RAEGEFENG =T FEREZ AT HFEANHK
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1
ql0] | 10> l'
ql1] | 10>
ql21 | 10> II II

[+
K 6.3: W4 Grover & 8%

= CCXg19 (6.5)

o O O O o o

o O O O o o+~ O
o O O O O = O O
_ O O O O O O o
o O O = O O o ©
o O = O O o o o
SO = O O O O o o
o O O O B O O O

B3 E T B EC AT,

1 2

qlo] | 10> n
ql1] |0~ n
ql2] | 10>

w

El 6.4: W4 Grover BTN & EE 5= M

O1H Xyarger TR FHE R TE AL 35 A 2 77 3%,
% 6.1: NETF Xparger BAE 51 FLE FIT4

Xta'r‘get —% % ]j J[Iﬁ)%"
|0, 0) CCXop,1-2, X1, Xg
0, 1) CCXp 152, X
I1,0) CCXop,12,Xp
11,1) CCXo1s0

RERBABTELN: HTEN Xigrger RERTENARE, RFEZTLU
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Xiarger EABFIML . y EABERICA |yX) MA CCX 117 RBEXNFH Xiarge:
FEEA 0 WA A X TR,
(5) AR EG.5HT 7 B B i B A Aim Ak AL e e A S e %

1 2 3 4 5 6 7 8 9
ql0] | 10> n
ql1] | 10> n

ql2l | 10>

©
B 6.5: W4 Grover ik T B K

(6) MET 7 “THMBEME" G, TUFE, FEANE R KA “117 EE K 100%,
R RN Xiarger = |1,1) H &

(7) BE Xiarger WIE (FAF ZH A & %5 a9 hash BkiFroR R —4r, Bfhh
RFE6.6.20 KRR K63, FHREELXEBEHT N aEWHE, EEFR
(4)-(6), "REHEAMERE TR Xigrger £ & — o

6.4.2 * kM. =&FF Grover HFEr B E

(1) BEAARETZFE, #NAXETHEZIGEFLINGZRE, Q&A%
%,

(2) FETHRWEZRENS I, ZREFFHNESHEN 31

(3) HAMEEBWEHCOT TEE, % g, q1v 2 A X, g3 AR, g1 A yo

ql4] | 10>
El 6.6: = 4% Grover & T4 &%

(4) FATENRE Us, TEU Xigrger = |1,1,1) H Bl ATEHRERET UL W,

2CCX ITHEAREE FF &+ XM A Toffoli gates
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Xiarget = [1,1,...,1) = [1)®" B, H:

0 0

AUEY, U LT —ANELEENE 2T5% n TEH,

BULE Uy 20 T UL X BIREHERML, y FAREHRC C'X 2F(]. £
AEF, Up =C3¥Xo1054. A THIFLAH C'X EF11, REALZHER
RN ER T ERAER, UXEXAEBIERLENZANEE, ZEELT:
BAVFE C"Xygoar 1y ETIIREXET, YEHNR Y 20,21, xp—1 HA
Vet y A X 11, MEHEZHEAFE 2. AT UER B LE Y EfRF
EZHMER, AR EEENE (RAZHER) #—F& 4. HHTHE,
B I e R .

A, BATER g3 1B A G # qo&eqr 94K, BT qo&eqi&qe = (qo&eqr)&eqe =
93842 = quo

Uy = C3Xp 10 377 5406 TH T

ql4] |10

Bl 6.7: = A fl e TRy 2L

BEEHEWECSFR. K6.2H Xarger BUT FIE BT S ML 55 0 #3877 %

(5) AR3E %+ B 75 A A AL H B A UL o B, 4 GO BT R

(6) WETH “HHMERE” 50, TUEH, HAUMNEEHN “1117 HHEE Y
78.125%, EUEXTEH, SRAEW Xiarger = |1, 1,1) Fb

(1) & Xiarger FVRE (FAF R A $ 509 hash BEIFHSAN—H, Athbh
ME6.62%F KR ACS) , FRELXERBAT TN EBHHE, E45R
(4)-(6), HEHEAAN L BHUEA 5K 5HE Xiarger £ 5 —Ho
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1 2 3 4
qlo] | 10>
q[1] | 10~
al2] |10~
q[31 | 10~
q[4] | 10>
]

El 6.8: Z 4 Grover EET&EB 5=

Xtarget —%% H Jllﬁﬁ

0,0,0
0,0,1

) CCXo,1,2-54, X0, X1, X2
) CCXo,1,2-54, X1, X2
|0,1,0) CCXo,1,2-4, X0, X2
10,1,1) CCXo104,Xo
1,0,0) CCXo,1,24, X0, X1
11,0,1) CCXo,1,2-54, X1
I1,1,0) CCXo,1,2-54, X0
1,1,1) CCXo,1,2-54

K62 ZBF Xigrger REEH R E FITE

-

E 6.9: =4 Grover EiE T & B K

EARIEY -
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6.5 7R

AT 2KANERETURERFREALAHLZROMEN 100%, TE=ZE T AT

LR F R EHERNMENRAGL 8% R? XpMTE NG H AN TERER
AT THBAEBR—T=FER:

BEM: A AeHAy ) WET, TUHEE Xiarger B 0MERERME,

1 Xparger = [1,1,1) B, =8 F T3 HLE9 % L E6. 1057 7.

Amplitude

Amplitude

K 6.10: TlE AL 4 & &S B v

HAN: MANETEWES, $EIB SN BREEBENFHERE,
AR, AW 4 A FIEEK:

2 4) = (10,00 410, 1)+ 1,0) + 1, 1)

ZEEE A (1,1,1,1),
B Xigrger = |1,1), ERXFAENEFICHAEE, AERNIBETHERAZT AT
(1,1,1,-1), BEFHES L.
PAEME AN FEA BB FHERSE, 37 LUEER (0,0,0,2), BIEHKE
FAH 0x10,0)40x]0,1) +0x [1,0) + 2 x 2 x [1,1) = |1,1).
X EEFATHN, H 100% B9 EFE “117 s
AR, BinAdE 8 MEAFIEA K.

1
2V2
|1,0,0) +]1,0,1) + [1,1,0) + [1,1,1))

|+, +,+) = (10,0,0) +10,0,1) +10,1,0) 4+ |0, 1, 1)+

XEEEHN (1,1,1,1,1,1,1,1),

B Xiarger = [1,1,1), EFEANAFLE, EWEEAT (1,1,1,1,1,1,1,-1), %
wEHEY 2,

ERKRANABEERETHERES (1,1,5.4.4.5.0.0), BUEETFLAH:
ﬁﬂﬁ&®+MQD+ML®+MLD+WQ®+WQD+WL®+HLLM0
At E A AR, @ (1,1,1) WIREEN S5, TREL

5 25
P =]1,1,1)2 = |——=* = = = 78.125
11,1 = [ [ |4\/§\ D %
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RELTRAPIT, TUHEN: MEETHRRNES, 23K “WMEN-KKA
M7 BB ERERRELR D, BXAAA, —FEERNTUERAEEL
ERARAMEEBIME; 77 AR AR B LR & “TEA-HAN &
B

LR, WRERKKELERARY, THLEREIK—EETHECRE “K
FHEME” WEERF T AT n wEEBLRRREKELK F(n).

6.6 L4 R M

6.6.1 E =

Grover HEMTMENEBE L — G P RE T —REEZWETI11: CNX |7, Bl
N M E A BRI, KE—MHEEARERML, FHENE TaeH 1) 1
KA g —fL, CX [T, Toffoli 17 M4 Al F 1 C1X. C2X [1. # =t4F Grover
FaEmd, ATEHR CX T, BMFIANT —MeEFHE, AEAT =A
Toffoli 1. HIEHAX WA B FH, ABEEE: TEAFIWIEH EFHEFHE
AA X 1T, CX 1T, Toffoli IT=AF%#E FI1a & EI C3X [1? R, S H—
M E; wmRARE, WHRE.

6.6.2 ZIRFERKERK

TRALRE, REEKMBHARIHENHEREE. ZRETCEUTHE:
(1) 56.6.17 F BE A,
(2) BEREREKRKMIRALER, £,

sZiitsz K. & FEEE. PyQPanda B Python 4% — i —;

ERERN: AMFEER. ARFEHEER % —,

7\_%;%%]] Xtm“get
XX%% Grover ﬁ&%ﬁ%;’g%\ 'l_?%_"_'% hash ,@‘5% 3.4 ’fﬁ?‘ﬁ 3
=& F Grover Hik Bk %2 hash A% 5.6 i 7

& 6.3: f(X) HEAM &£
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