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Thue, HX)+H(Y) inereases
with tume (the "Coa.r-se-smi.ned"entrapg

Wkg ?
[H, (%) + Hg (¥)] = [He (%) +Ho ()] =
=H1()<)+ Hi(‘{) - H4 (X_,Y):

=, (X,Y)
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Ln-&-ormm'l:iﬁh: the numbBer 05.
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Ln&ﬂ@t&&bmme{ p:—oﬂaédutg Qf
error, Based ow the tresults
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No measurement — no Lnformation
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Quantum communicotion channel
(with classical wnput)

X ™ i |
P> % Pir 8
§=2.p.3;
Entropy defect

D:-Trg?.ng-u-aZ’.péTrfLenﬂ

Information: (measurement !)

L — derect (von Neumann) measurement

K(L) - randem variable m;;u;i,ns
Lrom the measurement
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I (K(L); X) — tnformat Lon §rom
. meosurement [, about X,
"Aeecessible information” I :

T= SuF I(KW);X)

: \ *_- | - | e B *:" ¥ F-ﬂlﬁ w - - fl = & “
r-‘ i F-L’\ 5 ::.-1 fu r::.r-"' I"{ i Y i’-’ 4 .gd’r . \-__pf. FJ' i ” J
m— ’ = 8 " A ..x
_' ' o “ L ¢ :
I<

D (1969)

(: bi-i' fl.l;i;« ?l: ﬂfﬂh.*f;;;.:‘::;..‘} (HOQQVO l3¥3)

Why? Because of the irreversibility
of Wtu.vn measurement.

(In classics I=D always)

In geveral, I ts hard to caleulate.
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Examptle.
Twe pure stabtes  (19g4,1977,1394)

Y, py and Y&, p,=1-p,
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Classical case: the wo2k ts

R=2NKkT th2=2NkTD



Quontiow case: WM W) - two
nonorthoaqonal =tatec.

Is R=2NKTDY

No!  R=2NKkTI

Wk'j ? -r“le. SH‘L;’PW*”LQaeéL
[M.t-ti.,":r:..ous, Pea?'}-@r'm
c. measurement
over W and W@
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Indirect (POVM) measurements

E%Lva.-‘.’ae,v_t to von Neumann
VMSWN.L%‘!;E, Lt o tensor-product

Hulbert space }B:J-Lia}ﬁz
4 "N

system encilbla

Can POVM measurements heap?
let M Be o POVM measwurement

(RK(M) - resu.u:s of M )
Ou.-ef&.;..,or - J)I 7
ﬁhﬁ.‘ﬁ-f'&-r" . b!f‘: a. éby;;{'& - 5';_,4 i
Hillert space H.‘. Ln mony cases
J>1I. (Evample: Holew1373)
But: J<D (Hokevo , 1973)

(= utf all fL commute)
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d®wdim space us sufficcent

t

Lo an opt timal weasurementc

@?— Quin @.fﬁ.S&v&% oﬁ— o{ Swifrlv Stales
(Davis, 19%9)

Moreover :
Th.3. I the signat Hil be ~t

0 -
space H'.L ts tnfincte
- dimenstonal , then

(1384, 139%)

However, quawtum channels are
sufmrmddbtbvz (PG-I'BS,WOO‘H.‘Q!'S, |35|)
Finally,

Tk For- messwlements Ln J"’Lt
-temsw'v product space ot ﬁcvﬁ SCQUEnCes
of ft-.ﬁna stﬂ*h

(Sckumgcku\/aﬁtmnraﬂamk
u‘h _*l“i - ( Hoteveo, (338) 19373
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Two cv.-.m-.:tl.»t-m systems, 4 auwd B.

How to chearacterize L fotrmation

that one of the systems carres
olout the other 7

Cotrrelation entropy:
(R. Stratonovich, 1355)

c(a,B)=H(@)+H(®)-H@B)>0
Ttrangle Lwec‘/u.a_ﬂb&ie.s:
H(a,B)+H(@)-H(B)>0
H@,BY+H(B)-H®@)z0

Cor'r‘e.Q.a-:ELoh e.u..tr'ops h_a,_s _y}_o_
me.miu.% of Lw&ot—mt:'.,on.
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In&or mo-tien Ln one grantum
Sgs'he.m aBout aumocther

(123e, 2002)

Consider a quoutum system
that consists of tuwo subsystems

A ad B. Let OLMO(-P e. Mandom

Varcak bes correspon st.S to the
results of measurewen®s of
C..aw"_a_“:f_. sets &K JasrLolles L
(A+ oncillad) awd (B+ancllaB).

Lemwma.  Fot any ol Mdﬂ*
H@E,B) s H(«,p)
H@) s H&)
H(B) £ H(p)
Pl‘“ocaf, Fetlows frow Klecin’s lewma.,
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D?_,s.i The condifional ewtropy

ﬁ& Susbﬁtt*ﬂ& A conditisned
‘% Sug"éﬂ&'tﬂ.frn R L&

H(GlB =L H(A
) {;3& @lp)

s tn the classical case,
c.owd.i.'t:i«ow:'.-u_g can on Qs decrease

the ewtsopy of a. systew.
Th.5. H(@|R)<H@)

E_‘.'.."'E‘S'.-. Lh&-H(ﬂl\ <sH®
. R)SHE
H(EA|B)= in r{@=8%in <
@Qle) iﬁ& Z.Prip=t} };H(«g} =8)s

< ;.,n§ Ln} H@IJB) < LnEH@) H(ﬂ)
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Tn classical th—ot'mait:.oa theory

HE,p)=H(R) +HER)
Th.6. H@E,B)<H(R)+H@A|R)

Mutual thorma.,{:z’.,on :

’De.i,’. 2. Ih'for' mation Lin sués._gs*!t.m
B afout subsystem €A
(anel vice versa ) Ls

8= g T

Clossically, ¢ i}>= H)-HE ‘JB) :

R T(a;B)<sH@)-H@IB)
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Pt‘bog—. It Jjouou.fs jr'ovu.. thae e,ui'rvp_g
defect Bouwd that {or ‘”‘Sﬁ

I(a;p)= ?#I(djﬁ)ﬁ H@)-H@Ip),

wLere.. Z—Vo.a-uﬁﬂ Ll-o‘Q,oLS. I:.;f a il
e (4 lf.:ﬁ) Comnute and oL

oorres’nomals to the muasusewwut
e Ehe €asis where adl 9(a]ﬁ=g)

ale J.L.a_gonaﬂ.

Then :
> J@;e)=sup I(w;p)<
T 8= i )

g [H@)-H(@|p)] = H@)-Enf Hi
=H(A)-H(@[B)
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Exa.m,a&e.. i superdense Ccualfms .

GJB"' V—LL*M—@ME bs. ann EPR P:\u{,r
L2 = C,-&ﬁ;,:ti;:um.&. o - e V_Lﬁ‘-‘;o‘gg_&

M '&t’b&.@é on 4 values
corre s ponding to the Be il

states ef Qend B.

I(a;c)=1(85C)=0
Moreever, J(«,8;C)=1 8it
put T(A,B;C)=2"!

Thie LS o Fa.-r'a..dox ,stnce tn classies
I(,p3C)=1(;0)+I(p;C|o)s

< I(s3C)+H(BI) GO
Tn eur cose I(q;c).—.-]‘(.l)' C):o) aind
h@R)=HEIg)=4. Thus, inequalily

opposite to (k) holds here:
IQ,B;C)>T1@@;C)+H(B(A)



