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State discrimination
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Two general settings
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Minimum-error discrimination
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Unambiguous discrimination
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Discrimination of two pure state

T DO DFRARRED 5 R R

o BALNIREEp = [¢) (9]

o T ODMRRAE (AFA4RIT )

pr=|d1)(¢1|, FEEREEN _
{RZloNo) Famen  rm=D
Vi ZOOREEIS & - THRS e ZIRTTER Y 22

POVM(Positive Operator-Valued Measure) | E

o — it hi=§Z Rz

o POVM E% {E,}, =123

{ Ei:pldp THS.

E,:pldpp, THS.
B3 : "o 7Ly

E17E2)E3207 E1+E2+E3:1
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Success probability P, and Mean probability of error P,

Joint probabilities
52 5 NWIRAEDS p, MORITERERDS 1 TH HFEEX
Py..E, = Natr [Eppa)

SBRIBINEER P,
Py = PPLEI + PP2,E2
= mtr[E1p1] + natr [E2po]
IFi")jO)F'Eﬁﬁl, \EEK 1Py
Py

PPLEZ + Pp27E1
mtr [E2p1] + matr [Epo]

P, +P,+P =1
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Error margin

=iB1bd 2 AN HEER
Py = mtr[E1p] + natr [E2p2]

Error margin m

Py = mtr[Exp1] + motr [E1po] < m

m=1 <= Minimum-error discrimination

Pamac = 3 (11— 4me 61|02 )

m =0 <= Unambiguous discrimination

Pomax =1 —=2y/mn2 [(¢1| ¢2)]
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Primal problem

SDP(semidefinite progarming)- - - J1EE{E51E|
KT ZERE L, Bizo BRI BEEE HHRICNAT,
EH DO EEEFRHMfTI S h - xE1LREE
SDP nFZEEALWTERLT 5L -
F e
maximize :
Py = mutr [E1p1] + matr [E2po]
subject to :
F1 >0, F,b >0, E3>0
Ei+Ey+E;=1
Py = mtr[E1p1] + matr [E2p2] <m

~

SDP(Semidefinite programing)
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Dual problem

XXt IR

minimize :
d=tr[Y]+my

subject to :
Y>0,y>0
Y >mp1 —ymep2, Y = 1m2p2 —ympr

where
Y : V E£® Hermite 175, v : = )

Apnin = Fo max
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Optimal measurement

POVM FE1,FE5,F3 : rank 0 or 1

REEREDE AT
Minimum-error 4813
e N
o F3 =0 &[EEFIC rankE; = 1, rankE, = 1
% =—POVM |E minimum-error discrimination & —&
Intermediate 4813
4 N
o §RTD POVM EZEZD rank I 1
o —DDAIEMREFHEERIEOTAL. )
e Single-state 4815 ~N
@ F1=00r F, =0
9 — YD DD POVM EZIE rank h% 1 )
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m : error margin
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Optimal success probability |

2 (1+VIT=4mnaS) (me <m < 1)
2 !
Pomae= 4 (VA +VI=2/mm8)" (m,<m<m,)

m (25 +BET) @sm<m)

where

Toavmmg (< mS)

E
2
{ (771—\/7717725)2

0 (m > m2S)
S={d1]2), T=1—[(d1]¢2)
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P, max and tr [E4] vs error margin m
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Strong and weak error-margin conditions

error margin DA A7

e Weak error-margin condition N
Py = Pg,p, + Ppy.py <m0
- J
r Strong error-margin condition N
natr[E1po]
P = <m
PP tr[Erp] + matr[Expa]
mtr[Ezpi]
P = <m
Pl = tr{Bapr] + mptr[Bape] =
N )
Py = Ppgip+ Peyyp

= Pp2|E1PE1 + Ppl\EQPEb < m(PE1 + PEQ) <m
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Relation between " weak” and " strong”

"weak” & " strong” DRI & % B1%

w o __ m S

m- = P max(m )
s _ m*

M= PF o (m™)+m®

I
Psmax(m ) = P max(m )
Ey(m®) = E;(m")

FftEXEF s — "strong”
EfFEXF w — "weak”
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Optimal success probability Il

% (1 + 1 - 47717725) (m. <m <1)
Ap, (1= 2y/mmaS) (m < m < m,)

mmp(1—m)(1-S) 0<m< ms')
mn2+(1—m)171—2\/m(l—m)mnzS = e

S —
Pomax -

where

A== (14 2/mT—m))

1—2m)?

(1-2m)?
1
me =5 (1= VI—4nmS)
(m—vmmS)’ o
" = (WI—W)Qﬁ-(nZ_WY (771 S 2 )

0 (m > mS)
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Comparison between "strong” and ” weak”

(P> max and tr [E4] vs error margin m)
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