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1 BiEX

FEIX LT 05 R AT R R L 6 T 2 5 A W) DA S 2S4S 3. B SE g W U5 Ol Alice F1 Bob, LK
L. &5 0] LA o i A ) A {ER 3B 3 45 Hr AN TR AT 2 X R E I B S e I B 45 1 (RN I & i B i) . 38
W« Fla Fom Alice I AFI® L, JH v F1 6 £~ Bob B8 ARG L, Kb a,b,2,y€ (0,1}, R HEFE
38 43 AR BTy S A B BUIEL A5 R0 a0 S 0 D) 3 U7 & T A B A T 4 T o A R
M Al fRic M (2,2,2, 2 1578,

£ H R, % Alice F1 Bob 34 ) P B 2 BOR U ] B 18 (58 4 AN 0 38 13 4% PO 9 4 328 e 3 )i L
45 TAF A8 AT T2 855, BritbZ b, — MR % Alice 1 Bob 9% AJE: M0 57 [ 4345 19 CEF BE AL B
FAEL M ST, FLA AT e 2 A [ B G CRT LA fay i BR AR R, T AR FFE DG (5, — I & M 555 —
T7 & B A Z AR R R,

B, Alice F1 Bob 05 B C W% A FIAH N A% i 45 3. TER 248 5850 2 )5 » Alice F1 Bob A L%
PIAMESA plasb ]z, ). BEBEFTHRTFEN 0 4TRSS HA, =0 o +ai 1B, =m0 +mi 1,
Horp oap FoR Alice — AR z b b o W EH T . n 28 Bob — U AR v Hith o MR R 5. AR
WET 12204 plasb | x,y) = tr(grind).

SR G MG P8 T RGNS RE— X 20, B R — A3 50 76 w] BE X B 2 41 R [R] 1) Bt 35 S 4% s I
B, BRI REARE FHIS T LA pla,b | x,y) HEM—"TE R TR& TSN E, Kb g —"2ER
B R AL e (Local Isometry) @ = &, (O @ S IR T SR UL, gL U, B 3 pk I A2 R 7 B 5
| ¢ us = (1000 +[ 11/ V2, B REGIA D 6,05, HMREWRE M pla,b | z,y) BT IR & F S
| s — SR —DERIBFEHFE T 5 | ¢ s FHME,MRETHNE A, Q B, —&EER— R
LSR5 GO0 @ G0 FEMME , FE—NRIRFEI B @ = o4 O & f#if5

O @as) =1 Jus | @ s> €))
PAB, | ¢as) =1 JasG. @6, | ¢ s s (2)
He | T RELAWEFES A LLERATAE.

EAEENRE,RE B WEIF AR EME 3 & B & iy SR & L HTE R R Sl [ A e 5 2 SCF g
ME—f R LMRIEIZ I A BRI AT R M S i TR BB S HINTERF/ L REFHHSL D, LRE
A B R B B — A E .
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— W H BRI A LT S0 5 W5 R R AR AE /) CAn & 2> &1 2 v i JR) a8 I 4 Bl S5 LA B o ez A 45 7
6, LA & 72500 B s, B RIRIE 270, X 0, Z 5, X n W00 28 406 0 1 25 0 00 o 22 e 38 B I 3 4 . S
BRLS, 1145 an SR 2 v i il 4V R P44 OF HL 2
Zalgy =751 ¢, (3
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Xelpp=2Zs|¢, €Y
X/AZ/A | ¢> :_Z/AX,A ‘ S[)>» (5)
X'sZ's | ¢y =—Z' X5 | ) (6)

) P85 N O 6 T S B K e R A o Rl S B A AR R 0 A A A A2 (3) ~ (6) 3
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1% FR 58 H A TR, 8T H e | @ >RGPS, M RN 50300 RGP iy (s, (0>, 55

ARG T AHHR T SH AR, (05, BT, % — 4k b Hadanard 4 27 X} 25 X
O, o SR RN A KRB (R IR R IR
Bl FEHEERETRS WO SEB A NIERLBL, EBEF TR, T 10

IN G ZEAT I, SRV N i AR RBE A< 23 A B T
K2 Rk R

I T 2 3 o AL B R A A LR B A B T R
2.2 CHSH A=

CHSH 77 %£%)8(2,2.2,2)1§1E .iC Alice Fl Bob BiJ7 $hAT I & 20 514 A, . Ay Al By . By 047 Z 5%
o 2 I MR A W2 3 B AR AR SR O A DU A S AR B 4 MR . (ALB,) = D) (—D*¥'Pasb ]| x,

9 abozey € (0.1}, WS CHSH i (78
S=(A,By) +{(AB,) + (A By — (A B,) = 242 )
WS SAEE L 2 B 1 R B T 38 et BT (5.0 n s (o (L/ VD) (o1 000 (1/ VD) (o, — 00
&AWL, L U 7 0 A2 0 ST T B R R e e T R S L TR L 4
A
W2 WA T L — M 0 (BB B S — 22 TR T R B S = 27, A
(AgBy) = (A By) = 1//2,(ABy) =— (A, By = 1/42 oz RIS ZR AT RIK 2 18 2 B 7 19 )R 38 Rl #
B, — B, ’ B, + B,

‘9;5\: R Y=Yy Z/A:A(MX/A:ALvZ/B: » X g
e S o L g s S AR N 7 Vi

2.3 Mayers-Yao F &

J5 45 i) Mayers-Yao J7 25T (3,3,2, 215 , B} Alice il Bob XU J7 4 # 3 4~ &. J5 >k SCHRL8 146 i —
F RIS 3 N EFHARLFTR I I N Alice. X BEBAF(2,3.2,2) XA ILAYTETE.

it Alice Al Bob 1 7 $447 B9 & 23k Ao » Ay Fl Bo» By » By . AT 25 556 2 J5 U0 SR L8 21 /9 i A fi
L ARE 3R 0 A 0l 2 0 T SR

(o | ABy | ¢ =(¢ | AB | ¢» =1, (8)

(o | ABi | ¢ =g | AB, | ¢ =0, 9

(p| ABy | ¢ =< | AB, | ¢ =1/42, (10)

MIAZAE & 2 FF 7R B4 JR 3eR [ A e B AT 38 4t B ZS (0,040 (0.0 4+ (0055 (6.0 5+ (1/4/2) (o, 0.0 5 5 DR
S0 U 5 7 SRy R A R A5 AN Y T R L AT LB E R GE P B S R0 RS T B 2 B A S

S T A5 3 JR 35 [ A ke b b B 45 R, AT RO (8 A9 KAETE N A | ¢ = B, | ¢),A | ¢ =
Ay A By s By ‘%ﬁ%E(S) ~ (6) iﬁ:9 ﬁhﬂﬂﬁi‘ﬁﬁ)‘(?‘]ﬁfﬁﬂﬁ%f’ﬁ Z/A = AO?X,A = A19Z,B = By,
X/B = B;.



T FEFT AL AMNRFL 17

o

% 34

2.4 (2,222)BAAR
454 CHSH J7 % J Mayers-Yao 775, SCERC 114t T#E(2,2,2, 268 T A L HAZS B WL iy e A D
BES.
it Alice F1 Bob B 77 $447 BI I8 20510 Ao » A, M1 By, B $ATE LI 25, W F WL E) i B A %
BRI T 8 A G AL AT —4
2 arcsin(E,,) —arcsin(E,) = &x,(i,5) € {0,1},6 € {1, —1}, (1D

(z, W#U, )

Ho E, = (A.B,),ItF arcsin(E,) . ,e 01y € [*%,%j,ﬂiﬁﬁﬁ#ﬁ(@y) {15 a,, = arccos(E,,) =0

5o, WA ] 2 BT 7 04 JR 3w v S, mT 22 46 o B3 RURE B ) 4 S0 (4 AN T 7 BV TR U S 800 R
[ ARk, B 3 4 Pauli BF 0. 50, 0. FIRMEA A . Uk JE U0, 75 5 3o R 44 i 5 S5 40 B0 B S0F T LA
Rt rEFSRERS, M ERE Lk 4 A E.
W QD X5 DRI EBRIE (AL AL BB B R R AR (D) ~ (6) N il 8 1E. LI
F aoe Fae = aon — an A PRI BER
Z'y=A, (12)
A — coslags T a) A

X', = . . 13

A Sln(aoo + 0(10) (4

Z/B _ Sin(aol.)Bo — Sin(aoo)Bl , (14
Sln(am - 0(00)

X/B _ Sin(aoo)B1 *Sin(aol)BO. (15)

sinCaoy — ago)
2.5 (N,N,2,2)4 = Bell %

5 Bell D% E (N,N,2,2) 1§ .30 Alice F1 Bob i A HUATHI N MBS BN A LA, Ay F
BBy, By W HHEZE BWRAZPHE TEMX 2N MR, 72 RLB 2GR WE R K
B\ ME B A A R G R A A

I, = E«Aan + (A1 B:)) = 2ncos 2—’;, (16)

DAETEIE 2 7 7 0 J Jol [ oy RS T 5 46 i B 2 F0AH LYy 2N A 00 ok 2 0 88 57 29 43 A 78 Bloch BRI |
X BURFEEE B EATR BRI 20 . il 2 U, 76 J 38 [ 4 Wy <5 0 1 8 SO, Al LUR E R P 9 7 ot e
AL I E R Bk 2N AN

FATHNE BRI A P25 KO- 39 23 A 48 Bloch BRar b a0 & ol DUEAG N J5 550 Bell A5 2 =

Z ({AB;)+ (A1 B)) < 2ncos % B 555 ST, 552 Bt a] DUUE B2 A 95 2008 8 B K 1 R A8 A &

VRS ME — 1. JE B A2 2L T Bell B 7RI (Sum-Of-Square) 43 122 F FH SOS - (135 , 7T L #a 22 4n &
2 Jr s RO AR BAR R BT A L SOk 12 ], 5 B R B 3 AT 29 SOS TH. B B iy 1 1l #2 1.

N J7EER Bell RER Y Bell HTFH i = D) (AB. + AwBO. WA v, = 2ncos [© — 1 BB

(9 BT LIAFAE RT3 M, B AE S 7 PG AL B, A B M BIEAL HA—ERFIEZEND 1 r =
ZP?Pi. RARMEA B BBV RGEE R T SMME, DR o P RESZHEONF M A @,
B | ¢ Ai @B | ¢ ZIAHYSRE AT LA EE I 2 P B4 )R o 1) e 55 o A TG 5 B B2 R kg 2N A4S 8 g 1 3
o Ak S (B

A/(n+1)/2 +A/(n+3>/2 .1 jlg%:%ﬁ’ (17)

2cos (w/2n)
Z/A - A1 ’ (18)

A/n/z+1 s ji’ﬁ%%j(’
X/A - {
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B/n'Z +B/n,'2+l Y 3K
X'y :{ ZeosC/zm) " T BEC (19
B/(rH—l),"_’ N yﬂﬁ‘ﬁs
/ Bll _B/
= o 20
2 2cos(n/2n) 20

2.6 B

R VRS B R A AR BARAE T (N S2 06 50 45 AR 58 36 SR 22 45 T 20O X B 4 R A0 52 e R . B Bk S PR
BRI RGHE S HBERAERE . TRZA N [ (| AB, | ¢) —E& |[<e. HUIMR GBI T ESR
PP, —Fp R T NPA S IE & B M EBE T 5 — e i E F MR . @ % NPA ik E %2
X, PR A AT A B IR B A B St TR B A R G RS U4 A 23R, X B 3 T NPA [y
B R PEEI Y CHSH 77 % \Mayers-Yao J7 % K HAN (2,2,2,2) B IR Tr Z#AT HLE.

AN FAERM T RZE. KA — D RIETE o T AMREEFE | @ H AP DIFE DR
A B @ FIREE F = (¢ | paw | ¢ REFERIFEBS @ T oap = tras[Doas @ 000 4p €00 |
15 [ ¢ ZEMEMERE. BT © v LI EE FRREHAE L EF R ce = (1, (A),(B),
(AA)) (BB, (AB;) ) WL TEL A 06 1] 0K 5% Ak hy DT 2 1E 58 H8 Ak 1] A
F(e)
=0
| (¢ | A.B, | ¢> —E&* [<e,
(A.B,) = tr(pssA. @ B,).
PR A ) 8 — A TC R E AT A A b T il

min

s. t,

2D

1.0

A g E (1, (AD, (B)), (AA;), (BB,

CHSH
(AB;) (ABAL ) B2 IE 58 40 . R Z: NL
JE TR X R ) 0 A 40585 — 22 2 BT B T 0.1\ 4, =TR/12
BB (1 (A L (B g B 2 TF 58 56 1 5 I N Ny
HREH LT A (L (AD, (B, = \ T
(A (BB, CAB, ) i B0 TF 5 4 e 1) I N i
. B Ay A T ik I Sk 22 ). P T 0.2
i =y 211970 o g =Y =Y T s R S T s B AT R UR =N 0'(1;.00 0.0z 004 006 008 010

i X‘ [3 ] W 3. ¢
HEXt i LI SF L RIRCHSH T 24 (2, 2, 2, 2) T F € Mt Ik s dot
3 2EFERSEMRK

10975 6. AR T Gy, a GBOK, B iy

AT 1 XS A B &R
SEPr bR AT RIXE 2 X RS R HEAT B . AR A 2 MRS R BN R R R G R A B Y VA
PN L R B R GET B IHRGX 2 X6 B2 ROt IO 4 I R AR 25 5 S BRI . e B X S FR 45 43 S R b A
Xof A S B GRS AT SEEL G 2 RS A B L SR X 2 RS e A% B R e AEAE T LB
71N B B B R G 3 (X0 B AR B TR 2 6 B [k kAT I A A 2 1 O

FHECEE A B AT 2 6B TR B A O B S B AR KR N R T RS R T DA TR e S B
B, SCERCI3 ]9 45 5 T N X & 7 A& R i SE 8 B R 78 40 25 1F X AN 4.
3.1 WCHSH 7%

W CHSH 77 &Y # & (4,4,4, )15 T .30 Alice F1 Bob B 7 $UAT 1 4 NS4 510 As LA LA, LA, FI
By B, .B, By B NMNER 4 MR W 2. y,a,0 € {0,1,2,3) BN EEANRKEZSHPHE TS

| Pap = %q 005 | 11))7%% ik 8 A&t

a3 NI 3RS S0 M XT L CE 4R D

XU CHSH {9 R AE K5 g A K it 0 33 388 o 455 38 200 mT LA 58 Jl— 4> CHSH . B AR fay A%
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th ] LA AN T R 4
z = 2x1+xusy = 2y1+ yu» (22)
a — 20,1 —|—aH ,b - 2b1 +b11, (23)
Ho FARTAIAR WA 7 R 4. &5 P rl 5 R
I, =l wn ], =l 2t 24
Ha\z*Z = ?Ia TrAHa ’Ha\zfs = 71’ ’ (25)

I S 1 *IZ*H

2B Al Hb , X3 Bob — {1 iy ) & 5t 2 G k.

WHZREIEBZE, MRWME 2600 ~CQCORMEI XA NMEERBER RS & = (5SS &
(S1Ss, AIAHRE 2 X ASHAN A 8 M E. Wik Bk . ERBFEHIEZENHNEXT .l UBRERETD
B T AR 2 XAk, a2 ik 8 M.

%(<Zﬁ F 2DV AW+ (X + XDV — W) = 242, (26)

%«ZQ LDV AW D (X, XV, — W) = 242, 27

Hip Z/ 0, X 0 o Alice W& ALz = (0,3 MBEFHERMAE. 274, X4 0 Alice MEEIE Ao = {2,101
BTMEMAS, V' I BobWERIEB,, vy = (0,2} WEFRHEEAHE.V' . N BobMEREB,,y = {0,1}
METREEH S W BobMEBEIEB, v = (3,1} WEFRLMEAS . W, A BobWERIEB, .y = {3,
2} MR TP S,

FLARK S #1ER
SiSu | 00)x = Ho\o | 000y + (HO\S o Hm + Hz\s o Hs\s) | 01> + (HO\S +
Hl\s o Hz\s o Hs\s) | 10)a + (Hm + Hl\s o Hz\s + Hs\s) [ 1D x. (28
3.2 E?‘i?‘iﬁ

T /v 43 8 77 (Magic Square) J5 58, J& 7 & — B 35 4 W M0 28R I 3T 00 7E 3K A~ JE R 38 3 2%
El:@%f%'ﬁﬁ'ﬁﬁuw%ﬂ%ﬂ AR O RN — . T2 2 50 WA — & BIAR AR AR LS A

T U7 £ %8 (3,3, 4, O .30 Alice M1 Bob M5 $i4THY 3 MNIE BN A LA LA, F1 By, By LB,

FAMER A MRBER, W 2,y € {0,1,2),a,6 € {0,1,2,3). W HKYEEAMNRAZETHWETE

1 R .

Sap = [==C] 00% 4] 11>) %% FO3x 6 5.

| ¢ [ﬂ | | 197 R 6 A&
PATZ R LR Z )5, AR MM B MR E T A5 2 RPIHE T8 &G0 ~ (33) 2 A i & X hi

AU 45 R A — B MIAPAE R IR R N @ = (S)an © (S » AIZCHH 2 0P FASRIAARL Y 6 >R ot
JEUL TR R R A MO SN RSO AT LB E A R B 78w 2 W8 B e Bk 6 MIE.

+ +
| =1 & s @ LEIELED (29)
ﬂ AnBy
1., =7 @rry (30)
Hc\l = Mg @ My 2 D
Ho,uz =| X+><X+|’ (32)
Hz,s\z =| X/+><X/+| ’ (33

| g :%Q G g |y :%u O+ ¢ H e = arb 43337 Alice F1 Bob M.
ELAKHY S $AE R -
S|¢>®|0,0>:‘2(S”®I)|¢>®|i,j>, (30
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o 570 = HOIO S = Ho\s o Hus + Hz\z - Ha\z St = Ho\z + Hm - Hm - Hs\s S =
Ho|3 - Hua - Hz\s + H3|3‘
3.3 &%

Bl 4 g5 X0 CHSH J5 R ABET7 77 R A& E IR e 5 WA 52 9 CHSH K75 & (PSS 2 58
o E L, MM CHSH S BUHE A LAY 152D

1.0

B & E PR HEAT He . AR Pl sr CHSH il i 0.9F\E f'f'“'--*-._,_h._._

5 58 0 M S 0 o O €655 P 24 ) 2 EXETI N T —
L E 2 0 TE B A T AR A B L ) % 3; \\x\

CHSH FEMEBEEhag ey SE R EAX 2 0.5 "N

SR I GETARE M T HEE B 7 7 R EICEY R, N

o HEVE T 27 65,5228 20t 2 BT DAL o 6 B R il
AN TR TR A 007 W A WO ) L 7 % 5 ) 0.1 —x— acisit 1774177

=207 N S = s VAL S AN SER 8 N AR N *0.00 0.0l 0.02 0.03 0.04 0.05 0.0 0.07
FLLAEAR: I R B WO Aol B 0o MR USRI, SRS SIS
CHSH HF &SR TE D I %£. P, 2074297, A1T+A1TRILTTH1 TTARK R T HIFE A
4 5"5$,7£§ ,‘z_é gﬁ‘: H"] a i)n\IJ ﬁt B4 XRCHSHIs SR Ty Jr SIS CERAN KD

FEERT ERARE AWK Z S, B ER
22 HoAth By B 25 SO0 L A 0 o R AE AR B A R R e AT LA S B L AR X BURE T H R E RN A AT SE B B e
BB FAETNE.
4.1 EF qubit BT R

B SEPR b B -qubit e KA S 7R B R SRR B KT A BT F 2T qubit BY. 2552 X R
B qubit B A EOR AT LAY 3 i 7 qubit 5L 2 A -qubit M R S8 E. RS 2 PR 2 23S
ML qubit & &M ANKBHRESES T. MEMEAMESE w S a0, S50 Rk E
PG A AL AR AN 1 2 P S 5 05 TR R R R E RS 5 AR T AR 2 T

X HL LR T3 A S S B, % 8 (2,2,2,2) 16T .38 Alice il Bob B 14T 2 NIE B8 A,
A, Ml By B, (W HMZZ AKX RE TR FE | ¢y = cos(@ | 00) +sin(@ | 11) FIix 4 A& $h
T3 I 2 )G o a0 S SR 20 (4 4 A\ 4K 38 20 A3 Wl 2 40 T 4% 4

I, = aCAy) + (AyBy) + (A.B)) + (A B,y — (A B,y = 8+ 2%, (35)

NIFEAEE 2 BT B e 38 [R) A e 55, o] 38 48t 8 725 | o FIAH I Y 4 S0 8 (i 2830 & S 35 43 A7 7E Bloch BR i
Fak BEAES T EAARIE RO . Wk R i, 76 R BRE A B S S0 B SCF T LARE E R YR TAE
B | 9e(sin(20) = V@A —a®) /(4 +a>)), TERE Lk 4 P&,

FIH LR B2 206 SOS 43 75 1 v AT A5 1, 35 30 K5 35 (5 00 & 728 S & 4E 2w 2 DL T 2%

Ayl ¢ =B, | ¢, (36)

sin(A, (I+By) | ¢) = cos(OB,(I—A,) | ¢. (37)

H AT DA SCH AN & 2 B 2R 6 JR ek I A ok S g A R B R R R ERAE N 20 = AL X a = AZ =
Bn +B| / Bw _Bl

2cosG) ' P T 2sin(w)
4.2 JEETF qubit R E MR

SEFH S AE R G i many-qubit 550, AT qudic . 2 T REAS B K AF ) R G B G 2 AR DAY
P[] A AT BB+ 1) 43 A SR Jok [ A I S 43R 48 5 2) 8 SR 24 9 bell 75 58, JU IR 75 2 K g At A
55— ST LA AT qubit BORAYE ZAAR A E 5. 5 AP R & S alE U NEF  Ra e | ) ap | B ap = xils

s Hop tan(u) = sin(260).
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Abstract: Self-testing refers to the possibility of characterizing uniquely the state and the measurements contained in
quantum devices. It is based on the observed classical input-output statistics. This is a formidable task and is impossible in the
classical world; however in quantum physics, the peculiar phenomena of non-locality can make this task possible. Self-testing
provides fundamental basis for device independent quantum cryptography protocols. In this paper, we will summarize the pro-
gress made in self-testing research, Firstly, we will introduce some self-testing criterion for the quantum system constructed by
two-qubit maximum entangled state (singlet) and the corresponding measurements, The criterion including both of two scenari-
os, one copy of singlet and two parallel of singlets. For one copy of singlet, there are CHSH criteria, Mayers-Yao criteria, (2,
2,2,2) universal criteria and (N, N,2,2) Chain-Bell criterias while for the two parallel of singlets, there are double-CHSH cri-
teria and Magic Square Criteria. Then we will show how expand our analysis of the singlet to the case of any entangled two qu-

bits and high dimensional states briefly. In the end of the paper, we look forward to the future of self-testing.

Keywords: self-testing; quantum cryptography; device-independent; entanglement
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