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BR[16] - i SEEGIE B T — 28 e e & 1 ASEPR W]
SEMERIAXS R, AR T — RS R EAN
Al 5] 1. Chen®5 A AE SCHER[17]H10E B T BelldE J5)
A AT DL — W) 5 5] A R 1. Zheng®E A TE X
WR[18]H 2 HH FFAF 78 7 ARSI X nT 3 5] S p k.
Li%E AN7ESCRRI191H 45 7 AN AT 5 5] 1 06 B4 A 0
o9 sk A, S T — NEPRS 5 AL Cao
S NAESCHR201H 32 T iR & 7 R G4 1IBelldE
JR IR JREPR S 5| A58 X, 4 T BT SE
Z0 ), iE B 7 BelldE JR IS 2 8 SEPRANA] 3 5] &
ZAEHRE BRI, Yo NTESCHR21) TP A H T R
T~ POARE R R A TE B 0 IR A5 T 0 (1 78 A o
%M. Uola 25 N 1E SCHR[22]7 %5 f& T BEA ] U ] f
&7 S5 M@ EP——XRRR, HEMT
B (P AN K 28 1. Chen 25 N AE SCHR[231F 15 8] T
—RET TG MEM 7 0B, I A
TEPRS 5| By FE X R . Zhao A\ 7E SCHR[24]7 1+
1 7 von Neumannl] & %] & 1 KA MI1EH, X4
HJvon Neumannill £ Fll — A 1E 52 Jo 78 & 5% 40 [ 2,
51 N\ T von NeumannJl £ AH 956 [E, FFUEB 11X
FEPEAOR TS, TR, JE 2T 0.

H T 1 8 X 8% 25 1) 1Y) R A T B g 5270, L
BEIFARCEHH TR E T 2418, Car-
olle 5Troyer T B Z AN Z M & oy N T
LM GINT BT AL RIR, HUEH T IR 8
ATFETHES B ERE ). b5, Deng®s A PHE
BT A i FE 4] 4 & 7 B nT DA FHRBMUT ¥4k
AN, HAEE T X FR RS 4R Ah S AN 7E 3
INE BRSP4 28 KR, Yang®5 A BO31453 51
WFFE T AP 48 B AR R GRS IE T M 8 S5
BT 2R IR N 45 KR A Gaosi A BHEE
THEARMEME IR T Z2ER RGN mRFRR.

£ TPOVMIlll & 2H & %f T ) WrBelldF 5& 5k 14
MEPRF 5| B B A, AL 1RPOVMI & 4 4 (1)
C A AT W, 45 tHAH OC 25 AE B ALEPR T 5] U7
R, FE 2829+, 5] N AT & 2 ANPOVMAY
& TPOVMIN & 41 & M BB & T, GIE BIM 1)
TP A5 AT N 5 R R 1 R R L S A 1 R B B
BURE B, 25 5 100 4% 52 Il 2 Bk & T U T POV MY
— % 2 UE BHPOVMI £ 4H & M 2 Bk & vl il (1)

2 A e M R AT BE AL AR 5 B ML 7T B
RIS R0, I ) —AT HEHLSE T HE R T A B
R A E ] T H = 4 SE A A By = 0, 1) S
POVMIN £ 21 5 M(no, )72 K 5 77 90 ) 24 H AL 24
ng = +n,. E3TH, R WA R TSN LALE
PR H AR 2 5] %, IF R FIPOVMIN & 41 & 1) 1k
R, g R T S 35 R
A FLIR, g A LR B A5 58 TPOVMIN B 4
B Mg, n )ANE]F 5| 78 7 b B AT

2 POVMNZHAERIHEBMSEESTNM

HHsR N EFRGESHRE 0], B2 —4
A R4 S Hilbert i, Hap = Hy @ HpR /m B & &
T RGABIIR A = 8], I F1Dg 43 3 R onHs L1
HERTHNETRASHITAETESEERHZ
5, HBHHERETRASHITE B R EMH T
2, SHO)E R E T RASHI T A HALN &2
£, AM = UM%, x=1,..., mg )R NE T R
4iS Hms > IE 57 {8 1 B2 (POVM) 4, PR H oy —
Mos, ms)-POVMIlEAH A, MiFRMEHAE. T2

My, >0, Vse€[os], x € [mg],

N (1)
D My =I5, Vx € ms],

=1
Hr [n] ={1,2,..., n}.

EN21P X TR T RLS LK —1POVM
WRAAM = (Mg, @ x € [mgl), f7 76 M
4945 (P (st DY, DL RS 19— A TE 527 (8
LG, 115

My = ) Ps(slx, DGy, Vs € [osl,x e msl,  (2)
A=1
TFR M #2& #H 5 1) (Compatible).
5 W, SHE R, 3P IR RR

Mllx

M2|x
M )

M\«
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Ps(llx, 1) Ps(llx,2) ---
Ps(2lx, 1) Ps(2lx,2) ---

Ps(llx,1) | G
Ps2lx,1) || G2

Ps(oslx, 1) )\ G,
3)

Ps(oslx, 1) Ps(os|x,2) ---

T ANEREF = [f; o PRSI BENLIE R, 245 1%
FFER TR AL S 2 0Vi, DAXE, fij = 1Y) FE T
SCH, FATTHCS (m, )R Br A mATn 51§ 5 BEALAR
M2 .

F21 EBITESQ 1A] A, %%%éﬁsiﬁ’aﬂﬁﬁ\ﬁ
BT EIEP = (P, Q= (Q,)1_ BT POVMI
BHEP,Q Eﬁa/ﬁﬁﬁ 1 HACHAFAE A SIRE N
FEA = [a;;] € CS(m,1), B = [b;j] € CS(n, 1), LR
gis L — A IS T EN (G, 13V € [m],
Vjelnl,

1

Pt - Z MG/I QJ Zb//IG/I (4)
A=1
7‘@)‘422[2” %XT?%?%SLE@%%E%%@
MEP = (Pyr HQ = . FEERSS EH—
E%:%E/W“ {M;jli € [m] j € [nl}, fi13Vi € [m]
LvYjenl, H

Pi:Zn:Mij, sziMij’ (5)
Jj=1 i=1

M FR{P, Q)& Bk & v I (¥ (Jointly Measurable). I
i, MFR(M,jli € [m], j € [nPNPE QN — A& Il
= (Joint Measurement).

2.2 HIE 2250 HPINPOVMP = (PYr,
5Q = Q) i ] ZZRIP:Q; = Q,;PiVi, j)IT,
EALEEE AT L, MG = PO,

2.3 0T RAS ERIER FEN)E

P_{Pl}:'ilz(Pl’PZ 99999 Pm)T
FAEFn x mHIEEHLEEREC =[], & X
Q={0}}}., =(01, 0, ..., o.)"

NQ = CP, |l
0, Ci1 C12 "+ Cim P,
0 € € vt Cop || Po
= . . ) B (6)
Qn Cnl Cn2 " Cym Pm

QA Z4eS b1 I FE I EE. e X Hs B
HTY My = ciPi(i € [m), j € [n]), Bl

culPr cuPy - cuPy
ciaPy cnPy -+ P

[M;;] = . . . , @)
Clum c2um e Cnum

MM = {Mij}ie[m],je[n]jg/%gﬁsJ:E(]_[Eﬁ%'famu}#i, H

D My = ( cﬂ]Pi = Pi(¥i € [m)),
S M= ciPi= Q)4 € [n)).

PRl b, e e 2,207 A B A AP, QU B A T
(¥, HAMNEATH— A

M E A AP, QR — AN IR
BATHLL R,

EIE2.1 %

2N

P={P)", = (P, Ps...,P,)",
Q=1{0}, =(01.0s.....00)"

NARGS ERI A IS E BHP Rk #5
&, P, = [xi)(xil(i € [m]) EL{lx)Y7 N Hs B IERLIEAS
X, WP, Q& A TR 24 HAX 417 7En x m¥| B
BUEEREC = [c;11E15Q = CP, Bl (6) L.

WERR 780 M HE2.3%0, IR E M. WP, Q)
SEBEG RN, T 8 2250 f7AE R SES Ei—A
IEE A AEN M li € [m), j € [n]}, 15 X(G)HKAL.
T

0< My < > My = Pi = [x){(x|(¥i € [m]).

=
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FR 4 SCHR[20, Lemma 4,150 fFEH 0 < ¢;; < 1
13 M;; = c;iPi(i € [m], j € [n]). ISP

= Zm:M,-j = i c;iPi(¥j € [n]).
=1 i=1

T2, (6T, F

Is = Z 0= Z[Z ,]P, Z[ c,,]|x,><x,
i=1 \ j=1 i=1 \ j=1

KX i = 1(Yi € [m]), BIXL, ¢;; = 1(Yj € [m]).
I, C = [c;j]An x mFIBEHLAEFE. IEHE

T RATRE B A T RS )T B R 2
APOVMHIIE L.

ENX23 BMg = {
418 1) — POVMIll & H A&
i€ 1) —1"POVM

(My)'_, : x € ImPNET R
& HAELES EdEmA T hR

M, ..o 150250 im € [n]}

FEEAs =1,2,....n, 6

Msll = § MS,l'z.is"' Sim

12,0350slm

My, = § M, sis...i»

11413 el (8)

vlm § Ml] 2 enslim=1,82

1502 5eesim—1

T FR M e BBk T L eI, BATHRARM,, 4.

Im

iy, im € [n]}APOVM W& 2H & Mg ) — NS
&=
%MS = {{Ms\x}zzl LX € [m]}j"j§¥‘/%éﬁSJ:E(]

—APOVMII & H A LI 2T 2 M Ak

Ms\st’\x’ = Ms’lx’Mslx(vx * x/; vs’ S/)

i, 2 X
M iy = MinMip .. . M, 1 (iy, o, -+ 0 € [1]),
WM, 4yi 2 1y ins e € [R]A—APOVM, Hi

R SFAT(8), AT HH E X 2.3HI M & Ik mT il ).

POVMIll & 41 & HI I AT 5 FLAR 2 M 16 e
XMIER EF, TR A B R, 5T H e B3
B EA T AH AN 1.

EIE2.2 POVMIIELGMs = {({My)., : x €
[m] A 25 10 2 HAX A e B ml il ).

MERR A PR WM BA I, T
X235 AFAES _FHmAS FhRHf E [ —~POVM
V.7 [P T £ S in € [n]}

RS = 1,2, n, RO)OL. T 12,

Msll = E 6S,i1 Mil,iz,i3--~>im’
01500 seeesliy
My, = E 05 Mi s is...is>
i1502500sim (9)

s|m E 691 le (YO

BBt o« [n]™ —

[n™], & X

G,=M, ..., PGlx, ) =6,; (Vx € [m], s € [n]),
Hho(iy, g, .o oiw) = 4, MO HHE N

My = 3" P(slx, )Ga(Vx € [m], 5 € [n]).

=1

AR AGH" N—APOVM, HP(s|x, DY AHEZS)
AT (Vx, ). BRI, B5E 2. 1R M REAHZR .

B, WM AR, i E 2,150 7 AE
—APOVM (G, }_ i3

d
My, = Z P(s|x, )G, (Vx € [m], s € [n]), (10)

A=1

Hor(P(slx, DY ARG (Vx, D). 4

Miiy iy = ) PGILDP@IR,A) . Plinlm, DGy,
=1

MM, .0 > 0(Yiy, o, . ..

Z IdilviZ)“'sim

11,0250 0lm

sim € [n]) H.
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d

= > PGILDPGI, D) ... Pligm, DG

A=1 i1,y
d

= 2.6
=1

= IS .

AL AM;, i 2 by 5 b € []PN—POVM, H

12t (10) T &1

E Mil»i?.wuim

0250l

P(irl1,0) D" P(ial2, A) ... Plilm, )G,

025005l

M 1M

P(i|1, DG,
1

N

il

Z Mi],i2,...,im

1503500s0m

d

= D PGl2, )

A=1

X >0 PGILDPGI3,A) . Plinlm, DG,

11513 yeeesim
d
= > P02, )G,
=1

= M2,

=" Plinbm, 1)

A=1
X Y PGl A) - Pliyoalm = 1, )G,
102, Sm-1

d
= > Plinkm, )G,
A=1

Iplme

KAUE R 1 @)L, PR i 2. 3RIMs 2 B &
AT RS

MAEEPOVMIll A Mg = ({My), : x €
[m]}, 5 SCARFIE TR
Mlll M2U Mnll
M1|2 Mz\z Mn|2

Mg = [Mj;] = , (11)
Mllm M2|m Mnlm

HAFHERLA™, B

M > 0(Yx, 5), ) My, = Is(¥x € [m)), (12)

s=1
FRH N —Am x n 4T B FHFE(RSOM)”. 4F 5
MMy, € {0, Is}(Vx, ), FRILA—M0, I }—AT B
WU T4 .
B, AT — Am ox nfT BE AL 7 5 BE # 5T
R — AN(n,m)-POVMIN & 4 &. T &, AT A LA
M EM ZE[E], B

M,

M,
M, =My My, ---

MS = MS = Mnlx]'

M,

Gau%s A BYIE B : AT 24T Bl AL 250 B # mT LA
TR BON0, —ATBENL A B A X T
ITRENLE TR, JATH LA R 4518,

EIE2.3 TR T H FEM il AR IR R0, Is)
—ATHENLE FHE B R A, BIFEm X n

{0, I} —ATBENLEE FRIFEA(c = 1,2,..., p) X Hs I
WIELMEE T DALY | D, = I, 13

)4
M; = ZA,@D,, (13)

t=1
2 AL HPOVMI &4 A M /& e mT il .

WERR b EE. BEAFLE m X n {0, Is)——ATBEHL
HT A € [p]) LHs b IE 28 % 5 ¥ D 2
YP. D, = Iy, 13 XA3) AL, FHILA, = [Pl DIs],
WPGjli, 1) € {0,1), X4, P(li,t) = 1(Y8,0). BH3(13)
1350

P P
M = ZA, ®D, = Z:[P(jli, HD],
= =
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TG, HEFEM (G, )76 N
14

My = 3" P(li, DDAV, J).
t=1

I, M A M RAMAR, B2 27 HIE 2
WRA AT I

FEoE. WM AR AT IR, DU e e BE2. 2]
e RAMAN, FERGS EH—APOVM{D)_|
JeP(jli, k) €10, 1}, X5y P(jli. k) = 1(Vk, i), BE45

d
My = > P(jli, DY, ),
k=1
TR

d d
M = [My] = ) [PGili, D] = ) [P(jli, )] ® D
k=1 k=1
(14)

B T[P(jli, k)1 m x nA7 BE ML % & 56 B, Fr DL i
SCHR[341FN: A mx n {0, —ATBENL B & 4E
MR (k)(k € [dl,s € [ghPA K 52 Biey(k) > Ok €
[dl,s € [qD) B X7, cyk) = 1(Vk € [d]), 115

q
[P(li, )] = ) c.(OR(K).

s=1

a4
M = [Mj;]

q
> bRk @ D

s=1

D= 1M
M=

R,(k) ® c,(k)D),.

=~
I

1 s

FEBUBUSE 2 [g] % [d] = [qd], Iicp = qd, H.
1= f(s,k), A, = Ry(k) ® Is, D, = c,(k)D,

MA,(t € [p)JIm x n {0, I} ITBENLE 7R, D,
NHs ERESMEE T, W &MY, D, = Is, 1113
(3L, EEE.

LR BEFE RS K TAR 4 b — N F
JEPOVMIl & 4 & 1) v] 3 5] ¥, X ANPOVMIlll & 41
“H

Mmg,my) = {{Myn b 2 i = 0, 1} = { My, s

My, = > (L + (-D)'n; - 7). (15)

N =

Horip LZ2M AL 5 R, oy, 0, 0353 558 =/ NPauli
WilE, o = (0, 02, 03) T, N =4ESZ A ) &L 1]

L+Glh+m-o0)

Oj: (x9 m) = 2

Z L

{Mony, Mij,} = {0.(0,1n0), 0_(0,n0)} := O(0, ny),
{Mowm,» Mijn,} = {0.(0,1n;),0_(0,n)} := OO, ny).

NI}
M(mg,n;) = {0(0,n0),0(0, my)}, (16)

R RGC? E P VRRBEEEAL B 20 A
EHE24 Wi = 0, 1) =4 sL 8 A7 &,

Mg, ny)s2BCE P 24 HAY Mng=n,58iny = —n,.
UEBA #np = n;8ng = —n,, NI

0.(0,m0)| _(10)(0.0,m)
0.(0,np)] (o1)lon)]

0,0.0)) _(01)(0.0.m)
0.(0,ny))] (10]lo_,n))
FRAE E FE2. 150 M(ng, my)FZBES AT ).

BEM(no, )2 56 AT A, DU AR 4 72 BH2. 180
AL BIBENUEFEC = (177

(0+<o, m)} _ [011 m]{@(&m)]
0-(0,n9)) \eaenJ{O-(Omy) )

NI}

e

{Cll +cp=1, (ci—cppn -oc=mng-0,

e t+en=1,(ca —cpn-o=-ny-o.

B LA, (e1r = cia)ny = mg, (c21 — c)ny = —ng. H T

ciitea =1=cp+cen, Jilhey =cpi=c,cpp =cxn =

070001-6
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1-c. }J\ﬁlﬁ, Cl1 —C1p = 1 —2C,6‘21 —Cyp = 2c—1. ,[-H:,
1=2c=+1, #Mng = n,8ny = —n,. IEEE

A EF2. 20 41, RGEA B RPN IE B T{E
FRAEN Y HACSENTRBCE T, B CA il
IEZA%H, M(no,nl)/‘\Ell:*H%?'Eg %IEJ,X i—,lllo = H]ﬁjzno =
—1;.

Yu&§E NTESCHR[211F W78 T EEM(ng, ny ) 52—
(I 2 5 {0 (x, m), Oy, m)} R & R I44:, e
O(x’ m) = {0+()C, m)a 0_()C, m)}9
O(,n) ={0.(y,n), 0_(y,m)},
52| TUUTE R

EIE2.5PT Fix|+m|] < 1,|y+n <1, H
O(x’ m) = {0+(.X, m)’ 0_()6, m)}’

O(y,n) = {0,(y,n), 0_(y,n)},
I

(1) 24x = 0Hy = O, {O(x, m), O(y, n)} /& &

AT A4 HAY

mf* + nf®> < 1 + (m-n)%;

(2) H4x = 0Hy # Oif, {O(x,m),O(y, n)} & Bk &
CINETERE
FyvInf?> —(m-n)?> > jm x nf;

(3) x # 0Hy = O, {O(x, m), O(y, n)} /& e &
AL 24 HAY Y

F.vm]> = (m-n)> > |m X nl;

4) H4x # 0Hy # O}, {O(x,m), Oy, n)} & Bk &
CINETERE

2 2
(1—Fﬁ—Fﬁ)(l—x——y—)s(m-n—xy)z,

F2 P2
Hop
E(J(l + 22— [mP + (1 - %2 - mP),
Fy = 5 (N 92 T + T =32~ nP).

B H2.5(DA: Mng5n o 52 B AT 4] & B,
M(mg,ny) = {00, m),0(0, )} Bk & w7 24 HAX
HAnol* + > < 1+ (Mg -my)%, Ing - my| = 1, ng = 0.
X W 8 P24 08 FE2.5(1) A R R A O, E AT )
WE R IO B S T B, JS 3 IR WA 4 R X

3 EPRES|gI—LE3IHE

AP EPR S 5] B — S 5. p ok, EE T
ANEEL D RNASHFHIEE TS BRI
A, T E % TAE EPOVMI & 241 & M =& A
Al S 5] 1, Hk, A FHPOVMI & 20 & f B & v il
PE, g — B T BT T 5] 1 78 A &
J&, fEng # +n IEOL T, 4 H REC2 x CPHER T
Bpr XK FPOVM Il & 414 M(ng, n)) NAZI B ASTH]
SEI 785 U B A

E X310 FprP e Dyp, My HNAR G LI —
ANPOVMIN & 2 A, 547 16— Rk 0 AT {4 A
—RE TSN, C D, T

d

A (Mo ® 1)1 = > mPataly, oy, Va,x,

=1
Horfot B — N (x, ), {Palalx, D)4, & — MR 5 A,
M FRpAB K T POVMIN & 2H 5 Myt MAZIBA 7] 7
S R — AR T POVMIl 2 24H A My A 5
MAZIBAST] T 51, 4 8 ok TPOVMIll & 41
H M NAZI BT 5] ).

SCHR[20] 7 15 B AT 7T 23 35 5k TR B POVM
M H A M2 MARIBAR AT G 5] 1, T & =T
Bt € Dap T — NI ZEPOVMI & 24 A M, #i
MAZ|BANT] T 5| 120, Example 3.1].

SIZE3AU BptP € Dyp, My = {Myya NAFR
4t 1) —APOVMIN & 4 &, A8 K FPOVMI &
HAE My NABIBATT 351124 HAUCYEAE IEH T
Fefo i, < Hp, 1453

d
Al(Mae ® Ip)p"*] = 3 Pa(alx, Doy, Vx,a,
A=1
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Joint measurability of POVM measurement assemblages
and applications

YU XueQing, XIAO Shu & CAO HuaiXin"

School of Mathematics and Information Science, Shaanxi Normal University, Xi’an 710119, China

The POVM measurement assemblage consisting of a set of positive operator-value measurements (POVMs) is an important
tool for describing and studying the non-locality, quantum steering and quantum correlation of composite quantum systems.
In this paper, we first introduce the definition of joint measurability of the POVM measurement assemblage Mg consisting
of a finite number of POVMs and then prove that the joint measurability of My is equivalent to its compatibility. We give a
general form of a POVM measurement which is jointly measurable with the one-rank projection measurement. It is proved
that the POVM measurement assemblage M is jointly measurable if and only if the corresponding “row stochastic operator
matrix” Mg composed of Mg can be expressed as an “operator convex combination” of {0, Is }—the row stochastic operator
matrices. In particular, it is proved that the POVM measurement assemblage M(ny, n;) induced by two three-dimensional
real unit vectors n;(i = 0, 1) is jointly measurable if and only if np = +n;. As an application, we obtain a necessary and
sufficient condition under which a two-qubit quantum state is unsteerable with M(ng, n;).

POVM measurement assemblage, compatibility, joint measurability, EPR steering
PACS: 03.67.-a, 03.65.Ud, 03.65.-w
doi: 10.1360/SSPMA-2019-0353

070001-13


https://doi.org/10.1360/SSPMA-2019-0353

	POVM测量组合的联合可测性及其应用
	引言
	POVM测量组合的相容性与联合可测性
	EPR导引的一些判据
	结论


