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(1 o) (1.3)
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1 import tensorcircuit as tc
2 import math

3

4 & MERETE)F

5 ¢ = tc.Circuit(1)
6 c.h(9)

7 c.measure(0)

8

9
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10 print(c.sample(batch=1024, allow_state=True, format='
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10} 194 HYo ) SR STl I A R R T A, Bedb, TRA17E 2 B (hsee

FIER I B AN A LERE TS “07 M “07 &, ENREBEAERW T i
N
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(2) FrEARELIESRMI AL R, K,

SEIG AR BT HEEE. TensorCircuit i) Python 8% —i%—;

WL R A AMOTESR. BIRE TS FaIHES R ik —.



=
(\V)

N

RITE AL L =T T IR

2.1 SZIGHM

(1) FRARE TG M
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2.2 SKERMEIA

(1) FEBRET LGS EWE P ISR T E T SHEM;
(2) fEBNE T LR T 6 EFABRERE I EE P ITHE T
(3) FEAML)] H AR AN E IR R — R P TTHE T S .

2.3 AR

2.3.1 &
BT LA g E AR R RN
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Hrb, [0) 5 [yo) RESMAKE TS ATUER, E BT [¢) KESED AT
LU o1 — @2 = @ € [0,2n) Row, AR o A2 20 s & 5 SR AL
FEXT T SRAT WM, A

Py = [(0ly1)* = |ex ] = r?

Py= (1) = |e2f? =13

nCLEH, WIS SRR o S TER, R PSR R: ARTETS
B9 A4 T B e AL 45 R 69

2.3.2 FHFEI]

P 14 RZ 1T, BT RETFIT—MBIT. M3 SCRR EMALEK P I
ALIIMAT, W T 1. ST Z 15, R IEAEERRI:

FnT kR AR LA S Al g A SO

POI) = ((1) e?)‘> (r;eli‘/’) - (rgei:;+>\)> (2.5)

AN oA—Se M P

sz%) S=P(L) Z=P(n)

2
t_p T t_p T
T_P(4) S—P(2)
A& P ITHRMIER T 2 7 LR S SO Z LR O AR 2 0 A6, H2S5 H [
BC A IR L2 KAFA R, FRATEEAE 2 J5 W S2 58 Ak 78 R AR

(2.6)

2.4 SEIGIDIR

2.4.1 SRR R AEAL

(1) BABIRET TG, HEANMESSIR, Q@ EEg.

(2) KT R ERTREEY 1 A,

(8) Wl —NLHZ, EF RZ [TIIAHES. B4 S TTBI, A2 1pT
s RJEREATT CPURBMR " A, 2RISR 0 RN 1, BAELE
24K,

VRSSO, (E PR T AL NER: S B, G <P 17 (%A B TR, 5 RX

112 RY [T2thaln, (EF “RZ 117 #ATRAIFEY RZ 1M P 1.

HRS T T — AR T HORR, BRI, R BCE HOR IR A A . RS ], RATATBAR
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457
2.1: HAS P LR
(4) EZETFIT, XRERN—A H I, DR mRmE SR, gin—4 P

11, HEINE2 20N, SREMEATT PRGSOk UL B 4
5K 1 PR AAE A H TN REER, MREILZIF T HAEIE.

8@

2.2: H-P |'JH R H1

(5) I FRSZIGAT LA, AT 10) 5 1) FISINEKE T T LS P Iseds
HEAEAL, (AR BCEHEFAHA IFASEIZE A 0) 5 (1) TR
Ro MWK T ST —ARME P I, dnferiimid il 245 2 Hws M 2 Gt
WA E 7 Rl T, SRR T S MK E T IURREE, #A S SR H
WHE, XM FEEEH H-P-H HE&T717 .

2.4.2 WERHA P THAHA RS &

(1) FEanE2 sPoRiE 7R, BE SCREE P ITRARM MR, 103477 KT
PR BRI AT B E

& 2.3: H-P-H [ ]HEERHI

(2) W EAMELIE A Pov Py SHALWEE A FIEKR:

[%0) = 10)
1) = Hlho) = H-)

1 (1 O 1 1 1
whmmwzﬁQeQ<J:ﬂQ9 (27)

1(1 1 1 1 [(14+e*
[¥3) = Hlyz) = 5 (0 _1> (e“) =3 (1 _ ZM)

F [s) HEATINE, 455 K%:

SUER, RBWHT I T 2 HE SR UHIHIE 4.
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1 1
Po = [{013)]? |§(1 + cosA +isin\)|> = 5(1 + cosA)
1
Py = [(1]3))? |%ﬂgcwkahMﬂ%:§ﬂfcwM (2.8)

AP, =Py — Py = cosA

(3) EEBAE P 1T PO FIMA— Sdg 17 St. Bl LUk RZ IS HEEN
—m/2, FATLAEE] St T, X LUB 2 AFTRIN L, i RZ BT S
K E, BEE TQASM 5 gn4E XA S HuH 47 9 .

(4) HTFHRANETIIER SN, —H A RREE—FN P TP, Hp:

No=\— g (2.9)
PiRENIA 732, AT LA &

AP, = cos\' = cos(\ — g) = sin\ (2.10)

B

/4 /2

f' B @=2/Q0

ERTR

? ZRotation B= rad

B 2.4: A HEAH AL I 5 11 5% 15 A LB 7 151

IXFEHAT R AT LU = A e B BIR A% A BEUE T

(5) AWML E A, ERETERIT 6 LR B IA AU, SiE
THENISAT S %A 7 LR A5 B IR AT 45 R, ARG LR T35 N R AR,
P30 5 SRR BT
fE TR, B TR AR RIRE, WS IH AP + AP2 #1 1
UL L, SR AT DU R 3R 28 SO B 45 R — 4L
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s AP
JAPZ + AP2

) AP, (2.11)

xTr =

\JAPZ + AP?
FEVFENLA, W LMER atan2(AP,, AP,) BMEUEZAFH X IIRE(.

(6) FIHIFF2~H) TensorCircuit KR, EAMBITE —MEEW B3 A RBEHLE X, i
A B EAE AR Z TR

2.5 FFRETH

2.5.1 U [ 5 HERmE

FEUREE b IRATE: SIS A ATV AR ER T (Bloch Sphere) RF R & FAME, If
UER VAR — A o 7 R T S LA BRI _ER— Rk R . TR TR T
TR UEEH DR TSRS DR TSNS, AT DU &7 AR S H Bk
e kB R A R 71 BHETITH U 11'3%0R, H8eaw0:
2N

cos( —e sm(i)) 519
@ .

3)
2
e?sin(g) '@tV cos

U3(97 (ba )‘) = (
;H\:EP’ 97(253)‘ € [7T, 77@"
i 5 Horp 3 250, BATT A SIS RIRAEE B X Y Z = ANFhiess e
HET] RX [J. RY []. RZ ')°, H¥eEwnr.

2ol 3

cos(%) —Sm(g)>
Ry9 = U4(6,0,0) = 2.13
() s ) <sm(g) cos(%) (219)
1 0
R.(A) =P()\) =Uy(\) = U3(0,0,)) = <0 em)

SANRFIRISNEE Sy BB 1 iRy XTI Y T Z 1], HWE TSR
SN T DU 1 DAAR bR A o O X BR T AT R0 R AR 0 2

(0 1) (0 —i) (1 0)
X = Y = 7 = (2.14)
10 i 0 0 -1

AU TTREFIHEN AU WL PR NIEE M E 7], FRFASHUSITH, SBFTa R
U 1B, Btk U Mg HRIEwE].

SAMEH,RZ 15 P 148 AR DU S, RZ M2 P 1.

SARMER H, H X TR M B e .
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UEAk, H TR 23

1 (1 1\ (0 1) fcos(}) —sin(]) _ ™
= V2 (1 —1) B (1 0) (sm(Z) cos(%) ) XRy(2) (2.15)
e H AR LB R AR iR BRI B8 Y HheRe TR, S8 X BhieEE o,
K255

IE]

K 2.5: H IR TS M50 R &

Fod, x B8 H) A1)y y B 0) A |O)s 2 HE (0) AL,

2.6 SZIGSE R AT
2.6.1 &G

(1) w2 1 R — AN E TR TQASM 2P, & TFIVIIRREN 0),
BEAG I SE BT (BEAEEN 0. BEALWHN D, BAFES A LUE
(PANERIR, 25 R BAME—0T AEBD k).

Bl 2.1 — BT HEE TQASM f 7Y

1 H q[e]
2 RZ( ) qlel;
3 Hq[e]

(2) 1 “WEARFN P TR W R i, SCieas Rl sz g2 1 FR:
TUARE SR A1 B2 B 1T e A2
Am B.5 C. D.

w3
k]
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R 2.1 FSBILRE

giitaiR
T HE 0 1 it
H-P-H 3112 984 4096
H-P-ST-H 3783 313 4096

2.6.2 SIS HREATER

TERUASELS 5, RS SR m) B ZHR A A R SRR A i . IR S B LT N
(1) RF5E2.6. 177 rp 25 R 5
(2) FFAEARELIERMSEALER. H,
SeEG A2 BT HEBE. TensorCircuit f) Python 0% —i%—;
SEIRLE RN XR22MIHE AR, AAMIELR. BilETFaPeiEER
k.

=

* 2.2: S 2 GRMTER

PUNIESES flh AL
FHL I 45 1 0 1 2% p0) p(1) Wi 2 fHE AR 0
H-P-H cost =

H-P-ST-H sinf =




SIS 3
WA E 5 =8 FESs

3.1 SZIGHM

(1) FLARE T2 M
(2) W S BERI R £6 FEREAR. © 1 TROMEAT
(3) B P P P B S A 2 P T 2 887 LA o B R

3.2 SZIOMEIAR

(1) %2] CX TR FH 7V IF R FH L SE I AE 1 EURR () Bell 281 =& 1 LU GHZ
A, TR R AR

(2) * . NMHPTEARIERIE S E AR, A ST ARG B T R B IR AR AT B
SR =B EORF R R T A S

3.3 Wi sEniN

3.3.1 ET14g

ZAETHRBEE GRS T EFUIRES, WSS JoZ i S R %A ki
THIVE ORI IR B A, RICIEIRN AR PRSI 2 & Ao E T2 4. Fl,
METFA(0,0) FTUFRMBARANHEETZ (0) F110) FIFKEF:

VIR R G e rh, RB R A 4R, PR W4E MR An— R S e AT KA B AT
o BltN, SARTHF gov g1 g0 HIRSFKEFGA |2, q1,q0), WEREHIRLTLIHE, MIHRE

RioMEN: a2, q1,q0) = |g2) @ |q1) @ |qo)-
SR FHBEE, REBEZAEMNLA, —FEAE EERAIKIE, FTEABASE.

14



SIS 3. MUMEINEFH S E T AgES 15
1
SOy
= <1> = (O ® <0> =10)®10) (3.1)
0 x 0

EXETA 55(10,0) +[1,1)) MR TR BARMN B AR R 7. i
S

10,0) =

o O O =

1 1

ﬁ(\0,0> +11,1)) = 7 (3.2)

= o O =
Il
/o~
> 2
~_
&
N
QL O
~__—

M2 K ac #0, bd#0, ad=bc=0, K32,

MPIER AR, XARERER: XA BT R T, ©ATH 50% Mmlfe
PEHRE “07 &%, A 50% HIARETEHRR R “17 2. M — MR L, RIS T
“O” &, MH—A—EHT “0” E—LRXHINETHIFESH LT,

KA R T LR FTAL AR PR HARIE Bell &5 (Bell-State), ATKAER G
FIHAEH

3.3.2 CX |] (CNOT I'D

LRSI TR A — A B AR R, 10 o LERF IR T TR LARS 27 By
PREFER IR . CX 112 — MUARFPRIW EL AR 22 80 1T, O MR ORI R

10 0 0
0 0 01

CXppoqn =I®|0)0|+X@(1)(1] = 00 1 0 (3.3)
0 1 0 O

HAERTTCAEMA “nR g0 A (1), WX ¢ A X 1117, XM bsrHAE
F3AFTR:

% 3.1: CNOT [ pfE#R

EAEAT BiEE
qo q1 q0 q1
0 0 0 0
0 1 0 1
1 0 1 1
1 1 1 0
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Hrr, BBH g0 RAEHIAL, WX o FHRENSZET g0 ERER—2 ¢ N
|1) WS EH%E g1, 11024 g0 N |0) BHAHAEAL
Mo, WHR g 4T 10) 5 1) BINESKEMAAWE?

3.4 SLEIDIE

3.4.1 FIf CX [THi& Bell 581 GHZ &

(1) BABHET TG, HEANMESFIR M, B8 A,

(2) ¥ETIRIBE R AMA .

(3) MERANE3.1(a) Frc ik, WEA T BURBGEMR, W LUE BIW1KI3.1(b)? Fings
B UHETER0,)=[0)® 1), ¥xq T (0) & ¢ T 1) &

(a) HEKE (b) TR

K 3.1: CX ITHEE—EHETFS

(4) MBI X TSR SN, S 7 TR BE R 1A 4k, SR E 5256 H
CX [TX&EF IR m S ECh rpRE R R B & .

(5) H CX [TIITI, 13 ¢ MO FERIAL, WS TR A A IR o
AARAE T LLod s LR P AR5 12 52 3
(a) MFRAR CX 1, BEMIANE T RS EHWITE, k3. 25R.
(b) FEAMIK) TQASM 4t & 1 i EHRALHS “ CX g[0],q[1] 728 “ CX q[1],q[0] 7

FEA 2= E AR FE P AR 2B AR A R R R A

(6) £ CX ITHIBCE H '], S W3 3ps iy, JEif (7848T 5(10,0)+]1, 1)
W&, BURAE TE MUY, RATRXFMUPES N “Bell &7

(7) MEBIABGER, 2 RILILH X A& 73T IEE, A 50% rTaettER 2l “00”,
H 50% FIREPEARH] “117,

2B ET 2P A RS A SO R, (SRR 3
SIAHESR, AR, i R i — R
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3.3: Bell /L%

(8) T THEEAKEIAIE_ B SIG 4R
(a) WIHEIRES:

o) = thay) = [0) = <l> (3.4)
(b) qo i H [1:

Hlgy,) = ) (35)
(©) qor @1 BHMETHETUS A

1 1
0 L
|0>®H>:\ﬁ <1> vl (3.6)
0x
1 0
(d) ZEMAEE CX EHNETEN:
1 00 o\ /1 1
1 1o 00 1]]1 1 ]0
cx =— = — 7
(102 & ) V210 0o 1 0] ]o V210 (8.7)
010 0/ \o 1

CX ["IxtAbT BN 1 & 1 LURF A 1F AR AT DU BATR P AN BE A EILEL I AR ™ 14
F1 1 FEE PR -
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(a) AbTFHEfIAL R E T ERF R IR AL T B, mtlRIN By “4b T 07 B
ACAET 1 R mERALEE CX TE, “AT 07 BEY
BRI, “AbF 1 BEE 7 WK BEEHIALN < AR T 1 &
—RXAEHEE AL O T AR AL P R BN .

(b) W% CX [THIFEFEA] LA B 2 — A B —H AR ENE, R
LM AN E; CX TMER T B T A M BEA BT LEE CX 4B
B T R AE B A5 1 o) B ——FE B e B 4 1) A — AN W] IR AR
J% T AR REIRES .

(9) FHE, TATH] LB E=ARTF LR GHZ & (GHZ-State) HiE, WIE3.47R,

K 3.4: GHZ %

(10) SR RS, WEEPUPBRMAR, WUREIE R IF Xt rb (8] 45 R BEAT B s A 55
B
3.4.2 * Wff: =E TR — PR R E T AR

SNF=AE TR, BT GHZ AU, ©F —MEANETAURES, &8
W & (W-State), HEFEAN:

0

1

1
L 10,0,1) +10,1,0) +[1,0,0)) = — | ° (3.8)
V3 V3|1

0

0

0

XA TR PR 1 = A= F LRFEAT I, 20l H =02 — A5 3|
“0017. “0107. “100” (A4

Bl Q N THEETIFEN A WIE]SME, H—1 RY [TH—/ CRY [1##
—/NHL .

HEREWET = P IHsa BERM CRY THE0, HEMIATAE CX (T4
RY [T#i&—4 CRY 1. CRY [THHEFERRIT:
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1 0 0 0
cos(? —sin(2
or,(0) = | 2T | ek, (G, (-5) @ DIICKR,(3) @ 1)
0 sin(g) 0 cos(g)
(3.9)

EBNE T =TT HE TR NE RN T’ 50 .

3.5: CRY [ THI#ER

BT Q FEGEAIE T 110 N E3.6FR, o RY 1T ZH0N arccos(—3) ~ 1.910633236,
CRY ['TZHCH ©/2 , BAEK TQASM A& 7H7R~.

q0
1.91063

— OO
/4 -m/4

3.6: Bl Q FI 7 HA B

RY(1.918633236) q[@];
RY(7/4) q[1];
cX q[e], q[1];

RY(-1/4) q[1];
cX g[e], q[1];

Kl 3.7: LI TQASM XA

Z TREWAET A, BT g g BENETETUERN:

&
_ O = =

HE g FEAETHRBIERS N 2

3

» BT HRA HER.

SO O O O = O = =
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MEHATRETSAES HbrE 7SR, AL AR08 B a2 —F
1, XA RER AL E F o IBAIREET IEHI P 2 7 F B R A BIRT Q, #h7eut
FLBR USRI AR T B s ? 2K
(1) fEBT Q M BB Z Rl INE 717, R HRAETEN:

1
—(]0,0,1) +10,1,0) + |1,0,0
\/g(\ )+ | )+ )

(2) ZHECA IS B A S5 2R

R BTAARSES BARREN 2R ABRERS A L, AIAERZTEEN
X B Ao S R HAR BRI AT E B R BB T A B B AR, BERE—, P e iR
ey RALE, REAF,

3.5 fhFENIH

3.5.1 =]

JUPRA R 7 18 XS R 1] 78 Circuit Composer i H, H
PRSI mAEsh B R E T b, BORTAS 2R R dE ST S TR & AR T
YRR E T A TS, CA [TEWRE “WERERA Y 1 NI giEwAEE A 117,
NELEE S FE AT DL O

1000 (3.10)
0 0 b
Oy =T@[0)0| + AR = |
0 ¢c 0 d
3.6 SLIGLE R
3.6.1 EEG

(1) Refr A (0) A1 1) R E TSN EARE T, FIBER:
(a) )5 ﬁi?*%‘ﬁTu GIFRAR TSRS IEﬂE’Jﬁ%@éﬂé\;
(b) MR —EAARIEAE T
(c) MREEAETHMHZMUES.

@)ﬁmwaﬁm:cMﬁ%%ﬂm%AzP@*:@ g>°
(&
om: A A TR

CAgyg =1 [0)(0] + A [1)(1] CAg g = [0)(0[@T+[1)(1[©A
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3.6.2 SZIOHREPEATESK

SERASEES 5, RRYEEE SR ) Bh 2R A A R SRR AR o iZIRE A DU A
(1) XFEE3.6. 171 i BB B 2
(2) MAmbedk: AEMELMA “ZFFBe) 5 —HRASTAARS” SRy, 24
RMEASFITHE, 7, BN TFITRRL X 118 OX 1. HERAAERT R
% &) R iR 5 |
(3) FrAEALIERMSREALR . H,
SEIG i AE N R FHEE . TensorCircuit HJ Python U ik —;
SE RNy AMTEER. BRE T FEIHESR Zk—.



SIS 4

Deutsch-Jozsa By SZI

4.1 SEERHM
(1) IRAEEf# Deutsch-Jozsa 5y %A ;
(2) SRS FBIAL BT (—1)7C0 BT S ML A 715
4.2 SLERMEA
(1) SERLHE T Deutsch SV H A2
(2) SERAER T Deutsch-Jozsa %M HELEE A
4.3 HIREFIR
4.3.1 TS HLHEE (Oracle)
A TR

Zo

4.1 FUEHUZ O L

L 2020 A TR BE LA ZZ A E 4.1 R S HIRIIRIE.

22
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F(X) B—AE 8 {0,137 {HIER {0, 1} FIREL MM 20,21,y Ty N
—HRAHILEEN, & f(X) =0, WHHEMA—3G & f(X)=1, W%y,

XA X € {0,1}7:

HY =10) B, il (X)X

MY =|1) 0, AN f(X)X.

DRI AT DA H

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

Xe{0,1}n

WAE, BANE X =|+,+,...,+), YV =}), BFRHLHmERT

o

Uplbibiont) = 2= 30 (F(X)X) = [fX)X)

Xe{0,1}n
1 _
=V 'Xe%:l}n(lf(X» — [FCO) @ |X)
L o)) 42
=" ® Z (-1)7™)|x)
\/T \/§ Xe{0,1}n
1
== Y, (-)/Px)
\/T xe{o0,1}n
AR, &t Uy 200
0,0,...,0 0,0,...,1 1,1,...,1
Ubefore:\+,+7...,+>=|” ,0) +10,0,...,1) +1,1,..., 1) (4.3)

23

g Uy 25, X MEREESE, Baik f(X) =11 X @i SHinS
AR T T o X AT DA — R SEES HRORR 10 R BRI 4 S G SR ) FL R A PR A T AL
(Oracle) . TREHLIEHE B H 25 R FNRAE, &7 SR WK 50 3 AE 14
E MU R

4.3.2 Deutsch-Jozsa B VEfif o B 1

WMRX T X, f(X) =0, BA Xafter = Xpeforer BIGHIH [+, +, ..., +);

IRXTAEM X, f(X) =1, A Xapter = —Xveforer HIT BARTFALATEHE
TAANZ, HIEETREH [+ +, . +).

W R, Uy REeEHEREECPH R MG B4R e ik, g
fz) ZEMERE, ZHR—%A(0,0,..,0); FEEBATCHEH, W flo) 2 PR
iR — 2 KT R e.4(0,0,...,0).
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4.2: FILTE B

4.4 SLEDTE

4.4.1 HEF Deutsch Bk N A K5 1

(1) BANBHRET =S, EANEETIRAMH, Q8.
(2) MET ARSI 2 4,

(3) HEAEA TR OB BE, HF g N X, ¢ N y.

4.3: H LRI B

(4) WRAERE f(X) BAFTEN Uy, ZKHR LUFERE f(X) =1 N
(a) MZ X Ay fEL ML EURFI OB AT Y, R4 TR

F 4.1: 8T Deutsch 5y B N H &

LD PR Lingau]
Y Z f(X) Yy =y ® f(X) T = To
0 0 1 1 0
0 1 1 1 1
1 0 1 0 0
1 1 1 0 1

(b) B UslyX) = |y X'), BATATLIFE] U, HE %

:<O 1>®<1 0>:X®I:X1 (4.4)
10 0 1

o = O O
= o O O
S O = O

1
0
0
0
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MR U, BRI, RN q MR X 1T, RHIRE qo BEAFAEATIRIE.
(c) AT 7E G IRl VR B B P, BB AT

4.4: R THE-TIE R

(5) WJas X B H [0, X R SLIeim =, REWEX g M H T,
SRIGWLI . 2% 58 B R W 4 5 T

K 4.5: ¥R EF Deutsch HikHE

(6) WEZETHIH MR, ATLAE RS X BT go HEATWIN, 455N “0” MR 2 100%,
WE f(X) REERE, FEm.

(7) F f(X) BCHLLRPAFET BB P —F: f(X) =20 B f(X) =7 (FEFZ
# 8 & %589 hash AEFHRI—F, BARLRLFLC2TREMNERLL, BELD
IR (3)7(6), WERULRIRT X HEAT I 25 505 R B AF6 T

(8) VAR T it FH 21 A B S ik «

1.0 00 0 01 0
0 0 01 0100
= CXOHI = X1 . CXO%I (45)
0 010 1.0 00
0100 0 0 01

TR AE BT T B HRIUT 5 R (4 ST AH 5

4.4.2 X &ET Deutsch-Jozsa i) 5

(1) BABHET=FE, HANEFFIRAM, GIE— k.

(2) FHET R A AR B T N 3 1A

(3) #EWEALH /RIS EE, HP g, a0 N X, g2 N ys

(4) RIERE F(X) BHHTIEHL Uy, ARGV £(X) = 20 @ 21 A,
(a) M X My fEL SRR SN G , WiR4 2R .
(b) H UglyX) = [y X"), FATAILIMSE] Ug, HA A
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% 4.2: WET Deutsch-Jozsa % L& N %

LY PREL ngan
X X'
y T ro  f(X) Y =y f(X) T =31 2 = T0
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
1 0000O0TO0O
00000T1TU00
00000O0T1O0
00010000
Us = = CXyn - CXy s (4.6)
00001000
01000000
00100000
00000GO0TO0 1

4.6: XU Tl 4% HL i

(c) 4} Uy WIKL RIXSERS 1 g M CX 1, F%F gor g0 M CX 177
AT A R B At AR B B s, SRR A T

(5) Bt X BT |H W, B g0, qn ¥IHEA H [T, m&eEg
B tn & 4.8 R

2—fRAE R A R R CHHE I QMA TEARE, X B EBEERTRS R, FHRAME—.
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4.8: 5e¥E T Deutsch-Jozsa B HL K

(6) WIEETRHIF MR, "I LLE B X #HATOZRR “117 FIMEE 2 100%, Righ
FIAEEE, E (X)) ARFERE, TP,

(7) B f(X) SCHBL RS EERER I —F: f(X) =08 f(X) =1 (FA£F ZH&
B 4554 hash BEBFBRI—AF, BARALFHL62T REM KAL), BEHDE
(3) 7(6), MELULEEST X BEAT WM 45 FA07 B 54 4 T

4.5 FbFEHEIIR
43N 16 NSV BRI EFI TG (RWEEHESIN “123456 787,

4.6 SEERETIR T

4.6.1 BEH

DJ 5L RENS 3 B BA TRE 05 T — A BR B H (B PR B0 2 T PR A, (ER AR Th RE RS
T BT RER FAE R B T R A . BRI AL f(X) =
o Awy, BHMNY 20 =2y =1 WA f(X) =1, MHMEREERZSHINEK
H5Plred . HEREOM LA ? X AR — AW ECRF R AL f(2120), FIE T
DJ SR R T RE S AR 5 R Y il S M A A

4.6.2 SEIGHEIRACER

SERRSIRIE, AR TR A B RS SRR . A T B LR A
(1) X554, 14 T % A A«
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*® 4.3 WISV EIIEFERE T HER

HEZ s R P HEERD

1 2 3 4 5 6 7 8 -
1 2 3 5 6 7 CCXp1_2
I 2 4 5 6 8 CCXp12,CX1 B Xy, CCXp12, X
12 5 6 CX; s
1 3 4 5 7 8 CCXpio2, CXpoo B Xy, CCXo152, X1
1 3 5 7 CXy_o
1 4 5 8 CX, 9. CXo_o
1 5 CCXp152,CX 2, CXp2

2 3 4 6 7 8 CCXp1-y2, CX1y2, CXgy2, Xo B

X1, Xg, CCXg1 2, X1, Xg

2 3 6 7 CX1_ys, CXo_s0, X5
2 4 6 8 CXos0, X
2 6 CCXop152, CXos0, X
3 4 78 CX1y2, X
CCXop1-2,CX1 52, X2
4 8 CCXo1s0, X5

X
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(2) FrEARELIESRMIREALR. K,
SEIGHEAZN: BT HEBE. TensorCircuit i) Python 8% —i%—;
LI RN: AHTEAGR. BRET S FEIFEESR & —.

T A4 f(X) BEEURNE

SRR 225 hash A5 (#f7 (LR Gt
HET DJ Hk S 140 f(X) = o f(X)=m
W DI HE S 52 L f(X)=0 f(xX)=1




SEIG 5
BB84 il i) s2Ls

5.1 SZIGHM

(1) FRfEHE BB84 Wl M HE it Eefit;
(2) %42 BB84 Whill(FIsKBLAE .

5.2 SZIG R

(1) MAEATRAR, T BB84 Prlt, FF5e ol & i 8 RLvlaa e A e $ i
PRI 5.5
(2) MRIERAHAN, FEAET BB84 PrICR 1024 A7 41aG1H A & P AL -

5.3 HIFEFIR

5.3.1 BB84 i}

BB84 Wi &1 %5 8 — AN %5 73 K V0L, B Bennett #1 Brassard 7£ 1984
e, WRAEHMERRZ & %S KITEZ—. BB84 HhilGlE 611 4 Ff
PRARIAT IS LmIRESA, FmIRA, 5. R, o, e miRs 1R
PRNET AR & B IEAL, B G AW IRG A B 36 1 2 18] KRS AN IESS

\' (@ m (& (@

K 5.1 JeT i 4 MRS

BB84 WX SEILFEMAMETE: KM EENE TEE. S0 EEERIETT

30
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Alice FI#ZICT Bob Z [ REHEAT — L M BE BIACHe, & FEEH TR ER

M BEALI TS
BB84 WX SEIUE AR (BL 8 SR {E D

(1) Ki&TF Alice BENLF A —2H 741 sA, BUE¥MER (0,1,1,0,0,1,0,1), )5,
Alice FAER S —HARFKERIBENLUTZ mA, BEEUEN |b,a,b,b,b,b,a,a), H
W, a RoRmik, b R ERR-

(2) MRIXFATH, WililF=A 8 Mt XL PR guE & 7F 81 5% Bob Ab.
HRAE =R 5. T 7R IR 5% S 8 Al A il AN e BRPIRES

R 5.1: IR WA ER

YIIRME sA KikHE mA HTIRE eI RIRIE
RIEFEL IR
0 TR a nkEs.1(a) 0
0 FIRITETS b W5 1(c) +
1 BAITER a wnkE5.1(b) 1
1 FEITETS b 5. 1(d) -

(3) HITHRYUCT Bob I AFITE N IZ IR L BEAT NI &, FTEL Bob ZER—ANBENLF 1
MREFMELE, BUEMRZ NMESFFH mB, BREBIER |a,a,b,a,b,a,b,a),
Bob X1 #EAT I &

(4) ZJa, Bob ML IFIE L Alice MEIHEFFH] mB. Alice LLE Bob Ml H Ik
FP5 mB Al B AR R IEHEFF mA, FEEAT Bob R FH (1] & 2k i 4
SRR IER I T LMRE, IXFE Alice 1 Bob Btf-A — 24 Frik i B AH — SU B
THERIFES, RONTEIERS . TR INGRD 2R, IREISONES 1. 2. 4. T AL

*® 5.2: JiiikhhR

sA mA mB #
0 b a 081 (&3
1 a a 1
1 1
0 b a 081 (&3
0 b b 0
1 b a 081 (&3
0 a b 081 (#3)
1 a a 1
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(5) Alice il Bob ML HEEHIEE n A7 3 AFF EAASEMARE R, DEHEE
S RT RIS . AR IUT AL, ATV, ik b, RAERE
FF518 |1,1,0,1),

(6) #riRidism (R, 338 2 A N3 BRI & 25 0 Loy, TIE 4 R S IR AR,
UHAETEGINT T Eve, H Eve /13 TRZMER, MAMBMAAIGE G . HiRIDE
BUAK, 28I RS AR IOR &5 5 AL BT VE R AT BR 25 Eve AGHIME R, 4
F| Eve — AT, Alice M1 Bob A HIBEHLZH
76 BB84 i, BT R F 2R A R0 ] (4 AL s, 3 AN HE R . AR

ANHE SRR, 2R R 0 T 110 0 5 2 SRS A A v o o TRl B 0 1 1 R R AN R

R, BRI R TIRS s . B b, e TRk 5 Rk Bob &, H

1 Alice & i%%E mA Fl Bob (I EIE mB —8, MRS RAWER. w0l REe

GIr 77 Eve, HIE L ESXFERETFIREFESE, XM YT RER T SE,

IEE Bob Ml & 45 ok 538 IS RASF. BEJS, Alice 1 Bob fE4£8 L IHIE IE 17

FEATERF LEIE PSR, 0 DU B A S AR H iz 88l ATTAS I HE 2 5 A7 53

Wro 534k, BARPRAMERIRAS LI ERR, FHEMTEATX A0, mE A

BEE R, Eve AT Ak ith il EATEIRIE —ANETA, WA ekl H A F s

THRER. MEALAEAEREMLT, REREMDCTFRFIEEK, Eve MAFLER

—TE SRR I o WAL i HR AN AN 1] 5 B e BRARIE T BB84 P TS B TC AR

whE,

5.4 SZIG IR

ARUSEIGBATVHE ] python & 5 KA 1024 £7/) BBS4 PhisGEfE . %W Al LA
SETEARMDZ AL . SEIARAS S R QLabb.py.ipynb, FEAHHT U1 R :
(1) B 2eBE RETEFI TSN “07, “17, “47, “-7 W, A7
basis KER, WHI5. 1R,

B 5.1: KIETT TS VRH] 7 g

1 import random

2

3 basis = {'A':('0','1"),'B":('+','-")}
4

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

6 # basis['A'][@] = '@’

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

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

9 # basis['B'][@0] = '+

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

(2) & AR MR T RIN— D EREL measure(), W65 207, SR EHER
PINZH. HAEIRDET g ARG SE by AR q BOARIEFE AN & HAH [,
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Y3 51 J ARG N7 — BEA PP HUE 75 IR [l — AN BEALE, A A

11 5.2: % (HEMOTIET5 2

1
2
3
4
6
7

def measure(q,b):

if g in basis[b]:
# basis['A']|basis['B']=>q in ()=>q £ & E T X4 ()
return basis[b].index(q) # IR EqfE () BRI
else:
return random.choice( (@,1) ) # i A 4> o dl{F Mt HL %L

S22 O

(3) AR BEALI 32 3 RN R 3, anfsils 3R, 43 A7 alice_ bits Al alice basis.
KH random.choice() BRECRIATHNLIERE, ZREFEZ — A oud, BEVLRFE—
MIETZITAH I E

1 5.3: A= BE AL 3t i P 51 R R a6

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 # GlE - NKEANNK, HbhGATRAMNCA,'B") PiEFEMList

(4) HRPAE R FEE LAEIE, ERRGE G TFR, RIMAGIE sending, Wifl5. 477
TN P AE— A | A AR IEFE IR AL, SRA basis 7 U E BRI 7 2k
ATABIFFMA sending.

B 5.4: BT IEfE

#
#

#
#
#

P R R R V0K NO U DN WN PR
A wWw N O
* * O

=
v
++

Q-Channel

sending = [basis[b][i] for i,b in zip(alice_bits,alice_basis)]

Bl — A list , EF W NS

zip(alice bits,alice basis) i& [ —
JEan[p(1,'A"),(0,'B"),...,(1,"'A")], KK 1024 1y list,
HgA o H#AEN(,b)KIAbasisE K H, A J53H 7T Asending

zip() 11 Ml R
a = [112)3]1 b = [4)5)6]
zipped = zip(a,b) = [(1,4),(2,5),(3,6)]

zip() Wiz H:
alice_bits = [1,0,...,1], alice_basis = ['A','B',...,"'A"]
zip => [(1,'A"),(0,'B"),...,(1,'A")] KJE AN 1024
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(5) 4L Bob BT G HILE) Eve MG, W55~ . 15 58 %8 Eve 59T,
Eve A —HBENLIN S EE, S8 5 FIX M LX) sending MG T HE4T measure
EeAE, B TWEN T2 E I T E SR, sending (554 1 : Bob %
Wk, AR —ZHBE LRI L, AR S X 2 S B S B sending RS
T#E4T measure #1E -

%1 5.5: B3 /EUOE TS

1 # Eve

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

3 eve_bits = [measure(q,b) for q,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) HEINEY IS 1E Lk T L%, WH15.6' FT7R. Bob [ Alice &i% H LI &2,
Alice ¥ H 5 B OWREIAT IR, B — RGN EESHEN Zw &8, AR5
B 515 alice bits, bob_ bits #HATH S, HUfF%HH alice_key 1 bob_ keyo

B 5.6: ¥)FEAS EAL

1 # P-Channel

2 conf_basis = [a==b for a,b in zip(alice_basis,bob_basis)]
3 # W# alice basis M bob_basis W& 44 &,

4 # NN EMERERA 1, KA o

5 # Wk EREWM [1,0,1,...,1] , KN 1024 fi

6

7

8

9

# Alice
alice_key = [a for a,c in zip(alice_bits,conf_basis) if c]
# X conf_basis HEI =N 1 AT,

10 # 4 ¥4 N alice_bits 4 &l N alice_key H

11 # alice_key W& R A —E N 1024 fi

13 # Bob
14 bob_key = [b for b,c in zip(bob_bits,conf_basis) if c]
15 # A E, GRA—EN 1024 I

(7) AT . LA HEHIAT RS, Bl — R RRENEH S BB HEN
TR conf key. BB IRIGFRREAN 0.03, 1FE conf key P 1 &94F &L
conf key 89K EERIMME, ZEEEN 1-1R9R, R)5 5BEHTHE, HkZ

L T A A AR RS P A ZE (R0, 4 R 2A 2R OSSP B TR, AR Bk B | I,

KU B % {15 RPN USRS b P O 1 L, S5 350 10 B A 00K 2 7 K 1 R DX s o % M

KA
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B, MBI, Wil 1%, AU bob_key HIJEE#% .
9l 5.7: Keoaetl

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

2 #/ REAREKRIE, /) REHK

3 # alice_key[:len(alice_ key)//z]'

4 # alice key FoWi# 5 len(alice_key)//2T0 4l ki) 5] =& (2= k)
5 alpha = 0.97

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

7 # FHEAEFN True|l WEE, REBUEK GF A K
8 1if corr_rate < alpha:

9 print('Eve_detected_with_corr_rate:', corr_rate)
10 else:

11 print('Key:', bob_key[len(bob_key)//2:1)

12 # bob_key M/ ¥# 5 (B

HRiE T EIRAREY, BRI RS R.

Eve detected with corr_rate : 0.7375

HIEIAT A, RERS IEWRIRE Eve MIAEAE, JFHHRIGHTy 0.27 i4, X2 —
FRIEUE. BRI, [BEAMAEIR, HHE T 48R IR

Eve detected with corr_rate : 0.8008

Eve detected with corr_rate : 0.7585

PEONRIR, BATRZ IR (5) o Eve B30T =47 R, R ERNIZIT, &F
P

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,
1,0,1,0,0,0,0,1,1,0,1,0,0,0,0,0,0,1,1,0,0,0,1,0,0,0,1,1,1,0,1,
1,0,0,1,1,1,0,0,0,0,1,0,0,1,1,0,0,1,0,0,1,1,1,1,1,1,0,1,0,1,0,
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,
0,1,1,0,1,0,0,0,0,1,1,1,1,0,0,1,1,1,1,1,0,1,1,0,0,0,1,1,0,0,1,
1,0,1]
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