FHE MIEAEFRGE 1

f£4t (majorization) F{mF (partial order)

AW LRI, Ko N LR AR PR,

n
P:(Pl, P2, =, Pn), Di =0, Zpl =1
i=1
n
q:(QL q2, =, qn), qgi =0, Zqi =1
i=1

MR — A BE IR, TR — AN BN Y

FHECF PR IE 5 kUG, Wk ¢ 6T p (p is majorized by q), 1I81E p < q, WA JLES M ¢ EREF. THAN
4 it B

FIEWA n FEWAEA T EERE x, y, TS E x =0, yi = 0. BEATH = LS. i eqs e
THIPA AT,

k k

O Y)Y y k=12
n n

(ii) in:Zyi

LA, ME y BT x (x is majorized by y), it/ x < y.
QR BATTET G I R SR [ &, BTE /s R 1, T4 RIRE (i) B AR
B HEA G B xb R,

o<yt

xb<yb, pv <zt = xh <zt = partial order
x¢-<y¢, y¢<x¢ - x*zyi

XA e 2 K R AT R K

V(11 1 \ _ 4
x(n)‘(; R z)<x <(1 0 - 0)—x<1>

ARSI ERER: T p e [0.1),

xf < y¥ andx2¢ <y = (pr+(1—p)x2¢)<y
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JUSE AR ) ARG RHE T BEWLA 15 104 3 P IR AR . x) RBONEF, x|, RBOVIRALI.
FHERLGH T x <y KFREFKM.

Hardy, Littlewood and Pélya
x <y WREEKME, FE—DREEHLERE (bistochastic matrix) B, f#if§ x = By.

BEHLAERE (stochastic matrix) SESSRERY, WA n ATAERE B = (by) MOAERETEAES, B by > 0, 3 FLAG—FIM04ENE
TERIRIN 1, B0 S by = 1, B4 B SEBEHUERE. B, WA 0 x n WOBENLAERE B 1067 HORIFET
BRI 1, B0 S, by = 1, WA 2 XU LA

WG n FHENUERE B (EFTHEA 0 RIGILRRIR p, KIVESOY p' = Bp, BHIFHIILE IR
Aot

n
P = Z bijp;
j=1

A LA B, AT LR, BIARAT YO0, po= 1, RS

Yopi= bypi=) (Zb,-j)b,- =Y bj=1
i=1 i=1 j=1

ij=1 j=1
% F XU, R{EARE S S, 1] LA AT AR BN !, R,

URFERE B HIFERETC by = |uij |, Ferb wyy R THERERERE T, B4 Yo7 by = Y by = 1, RWFEFE B
AL RE, FROVBEREALAEFE (unistochastic matrix). P Bl LA FE— & & XRE LR FE, (E2 SUBEHLE REA — 2
2 P BE AR FE.

HEREERAIEE
BRI AL AR T AP E RIS SR LR, C R IR TSIV EIERE p = Y07, A & )&, BIARIEEDY A;, A
RLIAAL A (&)

PN E X SHEEHE p X5, (X, p] =0, WALEE {|&)} LEAEGEN AR, Bl X =3, x; (&)X, H x;
& X RAMEE. E X, B4R o KJLRE

P = (Eilpl&) = A

FRA IR pX,
pX :A = (A‘lv 12’ LN An)

BUfE, BAVEUH, JLR AR p* 2RI,

B IR A AR ERAE RS AL 0 W o). RS a; BILEN p = (aylplay). T
MR T pd Al pX 2R,

Pl = (a;lple;)

= (&) 1* A



=21 Eile)) 1”1 (1)
H pA FRWIE A S5 B LR i, IR UERE D = (dyy), FEFEIC diy = | (&) 12, BICH
pA=DpX =D
WIRHERE D &P BENUAE R, 2 XUEHLHERE, fT LA
Pt <A (2)

X LERE A T pA.

Schur &%

Shur K% (Schur-convex function) A
T x <y, WERSEEE e f(x) < f(y), AFKZN Schur-convex BR%L.
—ANATUEREL f (X1, X9, -+, xn) & Schur (hER%L, JHAY £ &2 T HEAFA,
L B f RT {x ) RATHAZK.
2. MTHAM x = (x1,%, ,%a), H
FEAH IR FHIEBZ WL T. Ando, Majorization, doubly stochastic matrices, and comparison of eigenvalues.
Linear Algebra and its Applications 118, 163-248 (1989).
N V.

B, R A REE Schur ™ pR#Y,

f(x):Zx,-logx,-, f(x):fo(forkzl), f(x):—l—[x,-, ete.

Wik f(x) /2 Schur MEREL, A4 —f(x) /& Schur MREL. b f(x) = =), x; logx; #& Schur MER%L.

Shannon %§%1 von Neumann &

“JE A& Clausius A T W WYIHE R GRS AT AT 5 ANIAESS, 7E Boltzmann, Gibbs 26 AHI TAEZ )5, von
Neumann A Shannon X XS T —2 ok, A1 - ARZER S 2 A F R, von Neumann [ & 578 T
BT /7%, Shannon N2 255E T 2 dil tHEE 1S

W2 R GRS RN E PEATBEALYE R EE R Shannon A, PIBE R GEARBE 1A E 1k 7T LA AR R e i 1A
B EE G ERAE, BATRT UM B R GRS B IE LS. WARMBE R GH B BRI ENE, LRGN
(EfSSLE €D



WEIEENAE X A n ADNATRERUE x;, HNEEERE py, H Y pi= 1. £84EE T/ Shannon 2
H(X) ==Y pilogpi

ok, PBORTLUR 2, £5) bit, AT LLE e, £5] nat.

TG, R MIRA S B, B0 S = kplnQ, Hh, kp /& Boltzmann #%4, O ZHULRER. %k
Boltzmann 437, N NI AR FHON k AT, FERIES | MATHMA N BT, S5, N = N, B4

N

T NNy - N
FIRERPE SR8, KFIRNGE | NMETIIMRE pi, BT N> 1, i MaEFHRRTFERE N, = p;N, R

W(N19N2’.” ?Nk)

N!
PiN)(p2N)!-- - (pre N )!
FIH Stirling A InN!=NInN — N + O(InN), Al LLE 5
_ @(ln_N)
N

T7& Shannon 5T 1= RIEA &R FBER, FrLAERHMEHEI Shannon H#H A Boltzmann-Gibbs-Shannon
K.

wETHEET, BE TR, XY von Neumann 4.

von Neumann %

BT p B von Neumann =2

W(pl’p27”. ’pk) - (

1
NIHW(Phpz,“' .Pk) —H(p1.p2,-++ ., pi)

S(p) = —Tr(plogp) = — Z(/\i log ;)

1

Hep A REEET p MALHE.

AFMETHET 0. C" ENRKEGSHNETHET logn.

von Neumann &A1 G ) Fb R AE — @ FE S LA T xd . SAR P RO E O EAE SR A F0 B, 203 N A1 N,
NSRS T, RITIRE AR (P VL, T) AL (P, Vo, T, W& id, e 1A MR E AR, AR RS T
T ENRE, BEFHEEIE V =V + V. IREHTE AR &

|4 |4
AS =kpN;log — + kpN,log —
B10gV1+320gV2

HILE py 1 py TR,
N1 =piN, Ny=pN, Vi=pV, Vo=pV

MH py+ po = 1. MHHENRS N

AS = —kpNp:log p1 — kg Np2log ps



(@)

FoIAN—ERETIIERE. BB EHTSE A D TT vy, AR B 0 TAATIRES v, IR IER

1. RERET, SR A BEICE S(v1, piN), 54K B IIREIETE S (Yo, poN). BARKIE 2
S(Y1, p1N) + S(¥2, p2N)
BETGRFENVIREZE p = prv + pote, IRETGSETIEICIE S(p, N),

S(p,N) = S(Y1.p1N) + S(¥2, p2N) + AS

= S(V1, p1N) + S(Y2. p2N) —kpNpilog py — kg Npy log p» 3)
ek S TR,
SW1.N1) = MiS(¥1),  S(¥2. N2) = NaS(¥2).  S(p.N) = NS(p)
15 (3) RIPIREBLL N,
S(p) = p1S(Y1) + p2S(¥2) — kppilog p1 — kg p2log pa
My F oy #GRAERS, TLVEATRERLZETE, S(y1) = S(¥a) = 0, BEITA
S(p) = —kpp1log p1 — kg palog ps
4 Boltzmann %% kg = 1, 432 von Neumann S5 75 L.
von Neumann (& “&ith" A
BEPERERE p MAE R L LR )
A= oo, A
FEATLIE A F &L R LM B — AN L &
ph=(pf, . p)
(2) KM, A £F pA. 1= F Shannon MK EE Schur M %L, Frbh
S(p) = H(A) < H(p*)
. by

von Nuemann 52 FrA Wl &0 & 25 R 1 Shannon 45 )5/ ME.

ARSI

WRFE (UEF20) BT RELTHEANME U= |0) (U, AL FAT RGR 5 T2 2 F 2005 5 50 B4

B, TRENETESRREEGE.

P ARIRGETE RIS, IXAMERE & Gibbs ££12. HIEEE TE N R T AW XS, Gibbs FHEEAdE K MV ARG IR NG EIITT, 2/

S. Saunders, The Gibbs Paradox. Entropy 20, 552 (2018).



BUEB B RIS, WHRAET RS Q L TRAE 02, ATTLA p ZLTASKPIHE T RGERNR TR
T RGENLIA T FERERE.

FJIAN—NHBET RS (BFFRME ancilla), icfE A. R4 Q MHBI RS A MENIRET RS ik Q f1 A 1)
Hilbert 75 [/l A& 42 Ml 4. #ERBK RS Hilbert 2B & 2 = #°2 @ 4.

Wi —ANaiAs |0) e o2, 1l
p2 =Try ¥, U= |T) (7

M2 LI p2 B 22 ) V) siERAR TSN (purification).

FREALE )

HRTH p2 KA L

p? :in &) (&

KB 22 MEEEE n, H p2 BWHK. A £ o2 MAMEHE, A >0, > 4 =1.
¥ 4 UERGEEN n, B dim 2 = dim 24 = n. ¥ 04 FIEREEEN {@)). Wik |V) IR,

1T) = > VA 1) ® i) (4)
i=il
25 5 5k
TI‘A U= pQ

FZIE— T AR HER A, WA p2 R RLE {pi, Vitictm PPPHETE, KB 3, RS |y;) K5 BERRE, A1
V) A—®IER, H m WAMET Hilbert 250/ 2 HI4EH. KRG QO M5 ML

pC =" pivi. i = V) (Yl
i=1
FINHBIRG A, dim(#4) =m, |¢;) € 24, H (pilp;) = 8, TATATLUE @ WAt E T RN

T) =Zm|wi>®|¢i>

IIHT—F 2 Rl seA BEEFTE LT 4itk, dim(#£2) = dim(264) = n. PaERZILERE (4) S H. BlfE%
FeAE 4 [ 5R —dH I E ERIR |0),

(o)} —— {1m))
Horb v R AERE, EMHEREIGE v, = (@iln)).

FERHIR R T, W) A,
0y =) Val&E) ® )Y Iny) (njlen)
i j

—Z(Xl:\/k_zv, IEi))®!n,~) (5)



MRS |J,) = X, VAvh &), BAH

n

) =" |v;) ® [n;)

j=1
Horp ;) BEAA—, BABILIERS, (5) sURAARMER A, XK, 4 dim(#2) = dim(24) I, briE4lifl
T AR bR HEAEAG T A 22 5 AR XS i B R GE R AR S AR . skBr b, XN UGE S A BRI ANE R T7, VE4RI
18R Z%E L. P. Hughston, R. Jozsa, W. K. Wootters, A complete classification of quantum ensembles having
a given density matrix. Physics Letters A 183, 14-18 (1993).

Mach-Zehnder FiH{X

Which way

Kl 1 7& Mach-Zehnder X 7R B E. AT 7> 2§ BS (Beam Splitter) MI/EHAE—/ Hadamard &4k,

1 1 .
H = ,  Hadamard % #
211 —1

Sl

1

/2

0) — —=(10) + 1)), [1) —

1
E(m) —|1).
Umirror =0x = .
1 0

S B A e

)

11)

10) ® |w) / 10) @

BS1 Mirror

A1
CEHIE, RS Do A1 Dy gk 2R 1)L 75 &
po==[1+Re(e™(y|Uy))].

P11 =

N = DN

[1—Re(e™* (y|U|y))]



DI R VA I R T STB v = 3 TR VAR i U R S 3 E R
IR B B AT, B y =0, U =1, B4H
Po = 1’ pP1 = 0.

WAHERNMEE Do HWRL, M Dy AICFKEUEMRLT. Xfitl, AT RESUE: b T@d 7 &1

a b
Mirror DDo
BS2
1)
10) ®|w) 10)
BS1 Mirror

T, WREA RS BSy, MAMNPR IR A — MR 2 7 MZ T2 5, #RINE: Do 3 Dy A
Wa B PR LE B 172 IRV R 2 IR SG SEER 2 L.

oy
Mirror DDo
1)
10) ® ) / 0)
BS1 Mirror

1 RN X (NI e VT R VA 59135B U o 1)1 23 WY 1] 0 =X i

John Archibald Wheeler

Quantum Theory and Measurement,

edited by John A. Wheeler and Wojciech H. Zurek

e With the final half-silvered mirror in place the photodetector Dy goes click-click as the successive photons
arrive but the adjacent counter (i.e., D;) registers nothing. This is evidence of interference between

the upper and the lower beams; or, in photon language, evidence that each arriving light quantum has



arrived by both routes. In such experiments, Einstein originally argued, it is unreasonable for a single

photon to travel simultaneously two routes.

e Remove the half-silvered mirror, and one will find that the one counter goes off, or the other. Thus the

photon has traveled only one route.

e It travels only one route, but it travels both routes; it travels both routes, but it travels only one route.

What nonsense! How obvious it is that quantum theory is inconsistent!

e In our own day we have learned to state the point even more sharply by way of a so-called delayed-choice
experiment. There we make the decision whether to put the final half-silvered mirror in place or to take

it out at the very last picosecond, after the photon has already accomplished its travel.

e The dependence of what is observed upon the choice of experimental arrangement made Einstein unhappy.

It conflicts with the view that the universe exists “out there” independent of all acts of observation.

e In contrast Bohr stressed that we confront here an inescapable new feature of nature, to be welcomed
because of the understanding it gives us. In struggling to make clear to Einstein the central point as he

saw it, Bohr found himself forced to introduce the word “phenomenon.”

e In today’s words Bohr’s point —— and the central point of quantum theory —— can be put into a
single, simple sentence. “No elementary phenomenon is a phenomenon until it is a registered

(observed) phenomenon.”

e It is wrong to speak of the “route” of the photon in the experiment of the beam splitter. It is wrong to

attribute a tangibility to the photon in all its travel from the point of entry to its last instant of flight.

e A phenomenon is not yet a phenomenon until it has been brought to a close by an irreversible act of am-

plification such as the blackening of a grain of silver bromide emulsion or the triggering of a photodetector.

e How can one contemplate indeterminism, complementarity and “phenomenon” without being reminded of
the words of Gertrude Stern about modern art?
“It looks strange and it looks strange and it looks very strange; and then suddenly it doesn’t look

strange at all and you can’t understand what made it look strange in the first place.”

Zeilinger, A., Weihs, G., Jennewein, T. and Aspelmeyer, M.

Happy centenary, photon,
Nature 433, 230-238 (2005)

e When analysing quantum interference we can fall into all kinds of traps. The general conceptual problem

is that we tend to reify to take too realistically concepts like wave and particle. Indeed if we

consider the quantum state representing the wave simply as a calculational tool, problems do not arise.

e In this case, we should not talk about a wave propagating through the double-slit setup or through a Mach-

Zehnder interferometer; the quantum state is simply a tool to calculate probabilities.
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e Probabilities of the photon being somewhere? No, we should be even more cautious and only talk about

probabilities of a photon detector firing if it is placed somewhere.

e One might be tempted, as was Einstein, to consider the photon as being localized at some place with us
just not knowing that place. But, whenever we talk about a particle, or more specifically a photon, we

should only mean that which a “click in the detector” refers to.

SRR AR

/N MZ T3A0H, 4 U =1, (BT ¢ A
BT B B, BIEE, IdERS S. PN ZEBE, AR, id/ERE Q.
w S ISR
Y= 5( +s5-0).
s = (s1,52,53) & @ 1] Bloch [M&. Q FIWIEAN .

PR RS SO 211 AR e

(HR 1) (o @ DU (x)(H ®1). (6)
Hrp
eixy] 0
U = .
(x) ( 0 ﬂ)
e (6)
QY — U.
TEERINZS Do WLk T 1) T L2
po=Trl¥ (10) {0 ® 1] = 5 (1 — syin y + 55 c05 7). (7)

JLE po BIERAE AR/ MEZ

max / min 1
pox/ :§<1j:\/s§+s§).
V = /s3+s3.

2 S I NAZS, I H Bloch [A8 s AT yz ~FHINHII i, /32085 KT WLEE 1. 402R Bloch & s 2T x %,
Yy WL

EBFILL BN 0 MERAE, LR B w] LUy BT AR,

TRIWE V ET

, er 0
¢ — ¢ = H oy 0 1 H ¢ H.C

Hrb H.C. &R o A2 AR ) JEOR SE 0.

Xt @' AT o, M, FRIZER +1 LR RE
po = (0] ¢"|0).
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iR (7) M.
FE TR, BT 20 R4 Q, SUNH SR A 7 H %, BIRSE S.
BUAE 7 B s A2 10 AT X 0k

WRBAT Iy K As BSy, MAKMAS Do AWM R YKL TR B ##42 10); R4y Dy AWIRR IR 7R B %42 [1). X
AL AR X AR R

RABER TN BS, ZHIMZ S (RAILIE o7, B
§0/ — H(DNHT — HQDNH.
X" AT o, RS B AR HIERI.

WERTR L BS,, /WA A H AT R4S S 1, 615

1 1
00— —5(0) +11) = b+ 1) — (100 = 1) = x-).
T H BRI, LR, FL
) = 0}, |x=) = |1},

" =H¢'H.
T, X " WE o BARS T o WE or. BN, X ¢ W& oy, HFRNER +1 KJLEATUE R
(xi]¢"|x) = (0| Hp'H |0) = (0] ¢" |0)
FAU, X " WE o, (XA THMFHIHR), ENTX o WE o.
FITUL, A\ o B BER A,
Mz " 8y o, ~ BN
ME " 8 o ~ FTHILFIKM.
B, N o BIAE,
ME ¢ 80, ~ FHIFIRN.
ME @ & oy ~ HBBEKN.

Bk, £ BS, AAAEMTROLT, BATR LR A P AA [ )05 ORIE o’ iRAE o, TERLRIARE L THIR
A W,

V= Ty [go/ “2(’2] — (24522 (8)
Rl o BIEKSE LB TR 400, R0 P,

/ / 1 1
P =|plox = +1l¢") — p(ox = —1l¢")| = ‘5(1 —51) — 5(1 +51)| = s1.

P2+ V<1 (9)
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o NTEKTRE P MY, TEMMAFRRYKME. —DMEMNE o, 55— PMREINE o.

o HIR P 1] LA R BAT I AT X A3, AR IRATNFEE A E T UAL AT AT — 25 B8 A% b T80 AT AT LASR I 28 4%
ACES, BRI, PR AR R P X MR B T o HOIESE IR — AT S, AR L, P B
T predictability.

o (9) X RBBR AR ECF A, B EAMERARIL. ERIEAM L, 28T Maassen-Utfink 45t fI 7
AR,
H(Alp) + H(Blp) = —2loge, ¢ = Hjl_fix|(0‘j|ﬂk)|,

Hort |oj) #1(Br) 23S A F1 B (FIALE M &

UTABHUARE

BAE, 5l NBARERIES, e/ D. BEMIEET RS SD. VA&
pin = ¢° @ wP.

Hr oS ARG S MHIF, o5 = 11 +s-0), BAREHRNZE D MHIE 0P BAMERX. RS S MBI
D Z B AR EAE R R AR — A2 RAs BSy i

TE N THEAR, A 8E BAR S A1 D.
zik BS, 25, B

pin =9 Q0w — (HR1)(¢p ®0)(H ®1)

1
= 5(1 + 5301 — §202 + 5103) ®

BE BB AR,

DB T B P S S AR ik

01
0,1 = .
1 0

gl 7ML A A GRS 2 ), SD PR R

10)0 Sl(l)o
2\0 w 2\0 -ow

s 0 ie Xy s 0 e Xp
- +=1 : (10)
2 \—ie*w 0 2 \etxw 0
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G, S A D Z IR A T AR, 38 20 I A 1 AR o | 1 A2 4t

Uy 0
U=10){0]® U+ [1) (1] ® U1 =
U,
TS U BT (10) 2, 45
1 (VU 0 s1 [ U U 0
2\ o uvwU]] 2 0 —UoU
S5 0 —ie Uy U, L83 0 e XU Uy
2 \ie'tU,0U] 0 2 \ ety 0U] 0

IRJERENEE AP AE BSy, MBS, HIRZJAHIARZS R

1—s
Pr=—7 L1+ 0y) ® Upw U]

1 + 51 +

+ 1 (1 —0y) @ UyoU,
. (12)

%e‘ix(az —ioy) ® UpwU,
Sg—iz%e"x(az +ioy) ® UyoU]
RS pp 1, BAEIRIGE D KETHZ
1—s 1+

p? =Trsps = 5 LU0 U] + —2U,0U; . (13)

1E py H, 12 S NETER p? =Trpps. %
S5+ isy = spe?, C = Tr(UowUf),

Hob 505 = /55 + 53, ATLUK pf Fomly

~u

p []1 — 5105 + s?( —iCe' 0 1 iC*e070)q,

DO | =

+s§ (Ce' 0 4 C*e_i(e_X))oz].

ATEFEBNTHIGR, FHEX pf W& o, [RIER +1 )LFZ

po = (0] p7 [0)

% N %[Ceiw—x) . C*e—t<e—x>]
11 .

_5 + 5 S923 Re[Ce’(e_X)]

po MR R AR /AME 77 2

1 . 1
P = 5(1 +523|C1),  p"" = 5(1 — 523|C1).

V:S23|C|§S23:‘/S%+S§. (14)

TR BTV IR AW W
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XRW, BT AR 8 AR AERISE I, P8I0 R AT IR A A, AR ZERT i (8) Nas i 4h
FHREBAAN AT X M. £ SD FIRA (12) X8 D FIRA (13) H, £
PP = UyU]. pP = U,0U;. (15)

M (12) ATRAE 2, BRI D KRS o 5 S HPRE |x+) BRRAE—&, 1 D KPIRE P 5 S FPIRE |x—)
WA, AT A HE S URERAD, S Eﬁ%?* |x4) 73RN N TE%4E 0 A1 1. Bl D E’Wn pP M pP Z I8
A DX 1l A B A PR AT X

1S1

y 41 = lzsla Eg (13> iﬁa

QO =
p? = qopd +q1p?P.
FATTAT PLIX 4 Bt p JERYE {0, pP; g1, pP} HIFIHIETE.
TR B AN ETE, pP M pP, 43 HILLLER g0 B gy IR (qo +q1 = 1), WAEBHIX 43 EA17 B A4k

Mo, AT CLEAE, AN AN RILULER g0 AT gy %U%T&?E?* ol Al pP MR T RS, RGN A2 XA
) IR IE BRI E TS Z pP 2 pP

N ARUR TR AT R TS 1 EAR D.

XEBA B, SCVFRLINEFIIE po A1 oy MIEAIEIN (BUE UL, T LA RO &7 A R g A, ), e VE i
HRIEJLE qo 1 gy BIME, JEH., DEE W] DAHECE K& 7 REEHHTE R A A 2 &

BUE, WL TF a0 bl B i 1 R GEdt AT IR, Bl s A, ERIAAEAE AR S AL 5 & 23 52 a; A
|oj). ZABAFRIFEALER a; PR, 2200 a0 I B R TS po B oo WE? BRI FITE po A py I
B, AT AFSE TR — AN LR,

p @ ={p”. pP .- PO},
p(l) _ {p(l) p( ). pfll)}‘

K, p© FRX po HEATMME A BTG, HERFKLEE a; BLEME, B p© = (o)) po o) p© X py
B SE Bi JL A, pU) = (o] pu |ay). TEREED po A py HUBRERJLEE MBI qo 1 gu, TN, RUEIHEALS

a; WJLFERE

pla;) =qop'” + q1p.

S0 TR MR 225 5, O 5 SR PR S5 R ) S 3 47 1 -
o W qop” > qupt, MAKE S MR T AR po.
o W qop'” < qip\V, MARRIEE: MR T AR py.
o W qop'" = qiplV, IARBEE L po B py 1EAE

{15 2, P JLRECK T

T2, WD B0 BRI & A AT, FER A DA R SR A W E BT =3, A4 T DLH R i ERR
S W T ) AT e A,
ﬁAmeax{qopj q1 pj } —+ Z|QOP1 —q1 Pj . (16)
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AT AR ERB L, TR Y, qop)” +qrp)) = 1.
4 14 = o) (o], 1 L4 HBH

1 1
Ly= B + 5 Xj: | Tr[(‘]opo - C]1P1)H}(’1]|- (17)
X X R O A T EARIMEE R, EFELEE R E. i, MES— N2 B, i
RIS 2 2, IXB, 153 Lp, BERIERE L4 K0, R (17) Kb H}‘-‘ Hep 12, 1EFTA AT Rl &
AT, B, SR L4 RKME, B

Lopy = max Ly.

All A
TFF opt I~ optimal. Loy 1 LAERIR A
Low = 5(1+D), (18)
Hrp
D:T]f{|610100—41/01|}- (19)

X EHT qopo — qipy MBI E THSHER S, EMEEE, | X| = VXXT. X | X| KiZE, Lbr 52 trace

norm.
ULE, FATRMRE— T (18) K, e, Aft4f

max | Tr[(gopo — g101) 11 ]| = Tr {Ig0p0 — qupu}- (20)

B, IERATEERYE trace norm & IR, KA “IEFEES” (trace distance). W& X A Y W ANEKE T, &
M Z A trace distance & D(X,Y) =1 Tr|X —Y|. A1 M TEEXAE LWAMAKLER. & X Y
MR REN DR E TSI EHERE, B py 1 py. ATHEENIERR N
- la -l
P1—§( +l‘1-0’), p2—§( +r2'0').

ri Ay 739005 P1 A P2 ] Bloch [n]&.

1 1

D(p1,p2) = §T1"|/>1 —p2| = ZTY|("1 —ry) 0|
EER (ry —ry) -0 BIAMEER £|ry —ro|. FTEL [(ry — 1) - o| BIEFE 2|r — ro|. T2
1

D(p1, p2) = §|"1 —ra.

Rk, WAETE oo M py I HIFE B B2 AR IS Bloch [A) &2 [A] (1 #E S 11— -

RT I (20), BATRE (16) RAGE L. EXANRIERD, A —AHBINILFE, B 0p'” A1 gipl? w4
WA/, SR 5 PRI — A~ AN MR ) #f G, LT (5 0 S A A, AR M 5 SR e — A e
W po AL po. B, BATHT LU LT AL (16) K.

WK — e BT RIS, R E T2 B f Eq, XTI, Sd/E o #0110 iXH, Ey = 0,
E, =0, /FH Eo+ E; = 1. tnFEMMEAFBIGER 0, IBAMRIEEE po TENES; WAWNERBNER 1, Bast
EFE py (ERER. LA X TR E M — 1R E T Eo M Ey, FATHW FERW L(Eo, Ev) #8550 ) 1) nT fe
4,

L(Eo, E1) = qo Tr(poEo) + g1 Tr(p1 E1). (21)
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L(Eo. E1) & La BFEGHIEI. SRR KBS H L(Eo, E1) BEKE,

Eopt = {max ,C(Eo, El)

Eo.E1}

TFHERAKR Lope, I HLL BRI TR, KRR TN EQ A ES, 1A% o #05% optimal.
¥ L(Eo E1) N5 N
L(Eo, E1) = qo Tr(poEo) + q1 Tr[p1 (1 — Eo)]

= q1 + Tr[(qopo — q1p1) Eo]-

g AR, K, 5K L(Eo, E1) WE KBS S TEAATRER Eo 1K Tr[(gopo — q1p1) Eo] HIERCKIE. 4
I'=qopo — q101-
U 2 JE B 5, (H B ARNEE AT IR ] 4. R e A 3 i T AR
L=yl vl
J

B, T (AGERR y,, SRIAGE R |y,). 18 L(Eo. Er) HH Tr(DE,),

Tr(I'Eo) = ZVJ (vi| Eo lvs)-
Forb 0 < (y;| Eo |yy) < 1, LA

Tr(TE,) < Z Vi (22)

Forp SRAFF S B RS RN DU AR L)y, SRALL (22) &G T Tr(TEo) W LFR, FRATE T ZUEIXA
BRA W CLARIR. Wl il, FaERIKK ES, 13 Tr(TEY) = X, y;.

FATTUULE {|y, )} REPEXAFAI ES:

(vilESly;) =0, % y; <0,
(vilESly;) =1, F y; >0, (23)
(vilESly;) =0, H y; =0.

SKhr b, 2y =0 B, BATITLLRE (v; | EGly;) W& [0,1] PRAERSEHE, v 76 ES B, JATEE 1

< .

A, 1E (23) 1, BATR 2 TLE {|y;) ) REH ES RO AT, wEA e e Mol N IRATZE M
R, A IR

RBE Eg BIAL 73 g

=D exlex) (el .
k

RHE (23) X, 4y, <OB, A
0= (y;|ESly)) Zek| (exly;)|”
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TR, T er #£0, —EH (ex|y;) =0. HbgE, X T T MEGIFIERAREE RPN RIERE, [y) # |y,), 7

(el Ely;) = ex (velex) (exly;) = 0.
k

Hrp € # j HH y <0, y; <0 EREH, AEXRT T B EARGEAE R AE & 5K 723 mH, EQ &%)
.
WFHFEAEHAE T MIEARIGEE (y; > 0) FIAGEREKFW 20 F, ES ENMK. N T7TERXAHE), H3H|
(21) K, LELEN

L(Eo, E1) = q0 — Tr[(qopo — q1p1) E1] = go — Tr(I'Ey).
TR, K L(Eo, E1) W KXEHA S TEARRER E; 13K Tr(TE,) W/ME. WX E B8l 2, wTes
BRNG L /£ T WMIERIEAE (v, > 0) FIARME &R T2 EH, E2 WX AR, HH Tr(TE,) B&H/MERT LA
= h

Tr(TE,) = Z"yj. (24)

K SRANFF S _EIPIAHCS BRI )y, SR

e, 4 EQ + EC =1, fJLLEH EQ R EC XA, HAEFMX AN 1. SLbr b, EG M E? #R2&H#5
¥, 4 Hilbert ZE4EE0OKT 2 B, B2 T30 BRI HE T

b, FATTLUGH L(Eo, E1) MHKHE,

£0pt = {1 + Z/yj =dqo — Z//Vk
j p
= %(4]0 i+ Yy - Z//Vk)

J k
1
=3 1+Z|Vj|
J

_ %(1 e ). (25)
Xt (18) A1 (19) 2. BUAEBRATE 25X #4207
IAVE D ORI AT X (8. RIGEiieR
D*+)V* < 1. (26)
FATEAEIX A AL

TG, WA D FIVIERAE, Il o = |o) (o] EXMIFOT, B (15) R0 LW pp il pP Az,
TR FEH trace distance
D = Tr{lq0py — q107 1}

qopy XRLF Hilbert ZX A F—ARIT—MIAE /g0 &), K &) = U lo), H q0p8 = /g0 |§0) (€0l /qo; T
qip? MBLFR—ARIA—HFE /q116), HF 16) = Ullo), H qo? = /g1 1&6) (& Vg FATTEIE &) &
Vs

61 = Iéo) cos 5 +[&d)sin &
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Hor [68) BRFEAG () EARIEE DA IH— (R 13T DA R A R T 22 30, (H SRR (45 5
TR, B T AN {6) . |60 SRTFHOI4E T 25 MR M 3L, Rk — BREPELAS: (&) D1 (0), 46
|£2) i 1E 1),

i 6 [2 2026
—{1 811 7 COS 3 —{d1 S 5

- - i\/1—4 2 —
q q dod1 COS .
2 0 1 091 2

AR AR EAN, 152 Tr {lgopd — qup? |}, BI

26 i 0 [}
(QO—qlCOS 5 —(,]181115(3085)

RN 2

0
D= \/1 — 4404, cos? 5 = \/1 —4q0q1 (50l&1) .
FERETWIHARM AT WE v, 1 (14) gth. i C 2

€ = Tr(UowUy) = Te([go) (61]) = (£uléo)

ERF g0 = 52, qn = B2, | ®ATE
D* +V? = 1—dqoq1| (§l&1) I” + (523/C)*
=1— (1 —=s)I(Eol&r) I + (53 +s3)] (Bol&1) 1P
=1.
X R, HEGPEIRARNAE D YIS NAR, B4 D2+ V? IE—E =2 1.
R D MHIERIRES, B4 D? + V2 WEAT 1. RTEAZIRIIE S 2 AHA0R T, — K, ATH
D* +1V? < 1. (27)

EANAREAXRIZE, BRI, BN ] X5 T B G m] WL 2 A — Rty o
(ISR &R, Xk A BRI, 1, TR (SEARIRINAESR) MR T, AR HE 3552
(counterfactual) HIHERT, 7 H4HEH 2 1 B AR KPR T B

AL, KT interaction-free measurements, Z7 LA SCHR.
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