



































































































































From classical to quantum compression
Lastw eek Shannon entropy Hcp optimal rate for compressing a
classical data source described by PE P E

Today JEDCHI Let's first define entropy thendiscuss compression

Von Neumann Entropy of ge DEH
as usual f Epi leixeilH

H Hcp Ip logpay tr g.bg g
HS Ifpi KiXeil

Chee pp vector of eigenvalues of Ctepealedace tomultiplicity

2operlies x H S HCVSVt for anyisometry V
O E H E log rkG C log d where d dim 7 I

iff pee log d iff f Edmaximallymixed
continuous Pf g ko Sortedeigenvalues of Sethose of 0 El

concave ie H pxSx z pxHCSx HUD

How to define the taste of g Compression
Motivation Classical compression and correlations

Recall CnR 8 code for PEPCE
X

If
Xi Xi

t t I ELJE E with probability's t s
X L J Xn Xn

ie E In a fo gLnRs

D o if 2 n s th PrcIM Xin Eg

5 Hcp is optimal rate lastweekforprecisestatement

How about if Xy Xh p but correlated to another random variable T

e.g f X or Y X Xn or even Y X'n
DCECXM
K
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Let piny peny joint distribution of XM T and of CIN T respectively

ten CDE is an Ch R S code iff Tfpxing Peng E 8 for all
D

RU's Y S th Xn p tracedistof probability dHis

sketch TCpx.my peng
TCaig7i ztzIlaH atal

prCCxn.y Cincy 17K S
pe

Choose f Xn tf Then
Pr DEM XD Pruitt Prunty S El

FI 0

Thus Correlations are preserved thischaracterizes a reliablecompression protocol

We will take this as thedef n in the g Case

Quantum compression

Def Cri R 8 quantum code for S C Data quantum channels

Ee CHET 42ns and Ded 42nd ht
n

s th

FKDOE II B TownBJ ohhB Z l S
for all HB Oana EDEH HD with Ohn Ston

Ai Same idea as
42nsqubits TES

oxo ox easeetfhaat.ge

Bs

Plan Relate to ordinary compression Simplify definition
Proveanalog of Shannon's theorem






































































































































Surprising definition How is this related to Empressionot a q Source

44emits Sx EDCHA 5 emits Saxo Sin
w probability PCH XE 2 w probabilitypki p xn

on

Choose G R S 9 code for averageoutput state 5 p Sx
Theni

npCx pan F Sx Sin DCECSx Sxn Z l S

PI Define Oany Inpad p xn Sx Sin WHY Y E DEH Hy
Hb5 HE EN

LHS FCoany DOE I g loan d Z l S El
Thes i CanCompressAnySource w averageoutput State SOo HUT

WARNING In general I 21 din Ha
Sx NOTpairwiseorthogonal
PG NOT eigenvalues of 8

Next let's simplify te definition of a g code

Def Channel fidelity of TAE CHAMA and BAE Data
FOIA Sa if CoatesCTA INTEND HBcoates th OA BA

condition in Cr Rf code can bewritten as FCDo E En Z I 8

ten Lef LEAD E Ha HB be ANYpurification of SAThen Nomore P
FCTA SA FCI DHABI CTA IB 44 3 4ADD foralloanis

PI Monotonicity no oarspose Isometricinvariance is Anypurification is O k E
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If TEMA Exi Hit Krausrepr FETASAFE I tr SAT12A

PI Usingthepreciouslemma

FCT Sa LEADlT.gl4xOIb l4ABK4ABlCXitxOIg IAB
Fdecry

uY state K4 Xi I f l trESAXist 4
theXII CX IBD

Schumacher'stheorem Typical Subspaces

Schumacher's Theorem Let 058 1 i

If R HCG F no thzno FFCn R 8 q code

If REH Frio Anzio FffCh R S g Code

keytool i

Typicalsubspacei Sn E Span hey Ryn Ynet dad
where 8 7,299yleyxeyle.gedecomposition

THE orthogprojection onto Sn f typicalprojector

kepeties Eigenvalues of Mn eg The ore in 2 nCH

din Sme TheG I s znCH TE

HERE for 41

29cg qCyn
YnetEG

1 This follows directly from the correspondingproperties ofTncEcg 4

Next week we will use this to prove Schumacher'stheorem
1PRACTTcE_f4LECTURENoTES forasne.alepeak


