

























































































QUANTUM CHANNELS

We will write TLV W for the set

of lines maps

OI L V L W

The set TLV W D a teeter space

1 E I is defined by
E A ECA ECA

2 205 for a Ed is defined by
LOT A LOCA

The agent of OJ is the linen

mop It L W CK uniquely
specified by the equation

Ottey X Y X

Giver Of E TCU Wi and YET Va Wa
we can define the tensor product

D E E TCU K W Wu
to be the unite linen nap satisfying

GOI AXE ECA ICE




























































































Ex Partial trace Trw E T VOW Y D

defined by

Trw A 06 Alex Tr ADB

A O Tr

Tr b A

The adjoint Trot L V L V0 W

D given by

Trt A I Iab abl Trtw A as Cao
a b

I Tt A 190 cab I 7 as Cao
Wow

I A I a al 1a 6 Call

A 0 Hw




























































































A linear me E La W is

1 positive it
A E Po W HAE Po Y

2 completely positive it E Icca D

poutine H U

s trace presenting if

Tr ECA Tr A HAE LCR

4 witch if OICH Iw

A quantum chanel is a completely positive
trace preserving linear map of LCU Cw

We will write YW for the set of

quantum channels and wite simply CCK

je CCV Y

Ft

T

oÉ t




























































































a Isometric channels

For Uf U Y W we can define
CA U A Ut

We have

1 Exotica P u Iu P lutein
D politic H P E Pos You

2 Tr C U A Ut Tr A

Therefore E E C Y W

b Replacement channels

For G E Den W we can define
A Tr A G

We have

1 Of Hua B 60 Try B

which is pounce if B D positive

2 Tr Tr A 6 TCA Tr G Tr A

When G Iv dink this chanel is

called the completely depoleriuly chanel

and is dented by
RCA T CA IV

dink




























































































c Completely depharing chanel

Thi D a litter map

A L Q2 L AZ

defined by
A CA I A aia la a

a E I

Carried charels

A stochastic operate is a linear

map S RI IR t sue that

1 56,6 70 Hart

2

Ez 56,6 I 46

We have

I Splat I I S aib pls

I Eff
pls

I p 167
1

Therefore

Siple Dist T Hp E Dit I




























































































A carried chanel is represented by
a stochastic operator

FI El

PE Dist I SCP E Den KT

Associated to S we can define a

quantum chores

Is A 2516 a Alana 6 61

when S H we have

s A

Exercise Verify that this is indeed a Chanel

You cen me the characteristics that will

show up in later sections




























































































Pre If E ETH W is positive ther Et is
also positive

Poet For Q E R W and PE Pos X we have

Eta P Q OCP 30

Therefor Etcs is poritile I

Gr Tr Y Q is a channel

Lot To show that Tr La D polite
it suffices to show that Tito Hua is

politic For P E Ps U we have

Tr t Hey P Iv XP

which is positive

We also have Tr Tr A Tr A A

Py The tenser prod t Exo F of the

channels is a channel Yet this form
one celled product chords

Pet Complete peritivity follows from the

fact that tenner p dit of poutine operates
D partie Trace preserving property jobs
from T A B Tr CA Tr B A

G Trw Hey Tr E C Vow V7




























































































Representatiles of channels

Let E CY W be a channel

1 Natural representation
This is a bisectile linen mop

K TCU W L LVOV Wow

defined by
K E vecLA Vee ACA

Pro K Oft K OT

Poet We have

1a 61 I flab d la Cdl

and
K OT Iab Ig abled led

q

2 Choi Jamiolkowski representation
This is a bijective levee map

J TLV WI L Wav

defined by

E Exo In very veedu

Exo Huy I Iaa 661

I 1a 61 o la 61

The rank of JCI is called the Choi rah




























































































Re ECA Try ICE IW AT

Post We have

Try J E Iw AT

Try I E la 61 1a 6 AT

I E la al o Tr la cold
AI I Aldie a d

Ithaca a

Of A A

This gives the inverse map

J L Wav TW W linear

defined by J c Try C Aw L T
3 Kraus representation
For Ha Ba EL Y W Jae z we define

L X CW

by the formula
CA Ia Aa A Bta

This representation D not unique

PI ECA Z Act A Ba

Rot Follows from cyclicity of trace Is




























































































4 Stine spring representation
For A B E LC V W U we define

C Tru AC Et

This representation is also not mine
Pa Et C At CO Hu B

Let We have

D C D Tru ACE

Dolly A cot

Tr stoat

IEEE
Pre The following are equivalent
1 K OT I Aa Fa

a

2 J OJ E vec Aa vec Balt
3 ECA E A A Bat

4 For U G Z

A I Aa D la and B I Bao la

we have OI c Try ACT




























































































Preet 3 1 We have

KCI Vee A vee OCA

Ia vee Aa A Bat

Em Ia Aa Ea vec A

3 2 We have

J E Exo Hy yea Iv vec Iv
t

I
Ia yee Aa vec Balt

1,2 73 Similar exercise

4 73 we have

Tru AC Bt I Tru Aa la C 85 bl

Ia Aa C Bt
Of C

1 4 Similar exercise a

Gr Jet E E TLV W and r rank J El

1 There exists a Kraus representation
with III r

2 There exists a Strespnly represent ties
with U QI




























































































Reet Let Ua as I be an orthonormal bars

for in JCI Sime rash JCI r we

have III r

Then we can write

Scot I 1ha yal

where
may j E Ua

Let Ha and Ba be such that

ve Aa 1ha and Vec Ba Ike

Ther
JCI E vec Aa vec Bast

Then the Proposition gives the Krab

fun

Given that the vector tray are

uniquely determined

JIE I Las Iua 61

I 14 I has 16s
T

D a bows for

me
I 1ha Val




























































































Characteristics of completely positive maps

For E E TW W the yellowy one equivalent
I never

1 E is completely pantile
2 I Ica D politics
37 J OJ E Po WOW

4 There exists Aa E YW ez where

II r oven that

C I Aac Aat

5 There exists A E L C V W 62 when

I Il r such that

ECC Tre CAC At

Prost 1 72 by definition
12 73 This follows from

Y vec Iv vee Hult x
vee Hy ty vec Hu tx yo

ie vee Hy vec Hy being positive

s 4 By spectral decomposition

E Ia da la Yal Ya E Ryo

I VE Na Yalta

I vec Aa vec Aa
t

where vee Aa Vta Way




























































































Then the Proportion gives the Kaun representation

14 71 Given PE Po You the open ten

nut E h
Aa Hu P At I Cct where

C Aa In B

D polite sine sum of positive operates is

positive Exercise

4 75 By the Proposition
5 71 For poutine P we have

c Hua P Trazl YÉAtu
by positivity of the partial trace A

Unitary equivalence of Kraus representations
Let OCA I Aa A Act and

I CA Ia Ba A Bat be way that

CA ICA V A ELLY

Then there exists U E U EI such that

Ba Izz Ula 6 A b




























































































Pret We have J E J I that is

I vec Aa vec Aa Ia vee Ba vec Ba

Define u V E VOW GI by
14 I vec Aa la ly Ives Ba la

Ther

Trey Clu ul JCE

J UI

Tray lx yl

By the unitary equivalence of purgation
x Iww U Lu

for sone UE U ez

Therefore vee Ba Iw or al In
wow U 14

I two Call Ives Af U 1671

I U a b ve c AG I




























































































Unitary equivalence of Stinespring representations
Let O C Tru ACA and

I C Tru BC Bt be way that

ECC VIC C V C E L LY

Then there exists U E U U such that

8 Iw U A

Inot Define
Aa Hw Lal A and Ba Hw Cal B

É
is equivalent to

I Aa C Act I Ba C bat

Hence the result follows from the previous
remit I




























































































Characterizations of trace preserving maps
For E E TLV W the jab are equivalent
1 OI D a trace preserving mop

a It is a vital map

3 Trw J E Iv
4 There exists Aa Ba E L Y W

a ez
such thot

OCA I Aa A Bat

and

I At Ba Av

5 Thee exists A B E LC V W U such that

C Tru AC Ot

and At B IV
Reet 1 72 We have

Hr A Tr A

Tr CE CA

IW ECA
oft htt A

Therefore It Hw Iv

2 71 Simile

2 74 Kram representation jar Of exists
by the Candles above




























































































We have Ot A I Act Aba
In particle Iv OF Lw I Act Ga
4 72 Similar

2 5 Follows from
g C At Co Iu B

I s For V At we have

Trw JCI I Tr OI La 61 a 61
a 6ft YEI preface
Ia la cat Hu

3 21 We have

I la Cal Hu Trw E

I Tr OI la 61 1a b

which implies that

Tr OI La 61 Sa o Tr La 61
a

far The gallantry are equivalent
1 OI is a channel

2 J OJ E Po WOW and Trw JCI Ar
s There exists Aa E L YW Jae z

ah tut
g A I A A Act

and

I Aot Aa Ay




























































































4 Thee exists A E LIK Wow such that

C Tru ACA

and ATA Hy i.e A E U Y Woh

Another impotent conquer is that

CCV W is convex and compact
We have a linear bijection

J TCU W L WOW

using which we can write

Y W J C E Pas Wok

It is also bonded since

U CU Trc Tr Trw C

Try Hy
dink

Aside

A subset X C IR is convex if

Xu l X x E X H u VEX

Eco




























































































Rr Let u E Vow and P E Ps You

be such trot

Trw Iu ul Try P
Then there exists of ECC will such that

Huey E la ul P

Peet Let U be such that

dim U 7 rank P and dim 406 7 din W

Let A E UCW UO U and v E Vo U U

be a purification of P

We have

Tru you Hr A 147cal Hr At

Trw Iu ul

Try P

Tray lx cut

By writers quivalen of prigioties
thee exists B E U Uo U sun that

Hy B Hr A 147 ly

Then define E E T W U as follows
C Try GA C A t

This is a chanel one E A 8 A Hw




























































































We have

Hca 0 la ul

Try yo BA Iu Cul Ho BA
t

Tru lx x1 P A

Note Let A E Ul W w

we have

Trw Iv A la at a local Hu At

la d I Ew Alc Cd At

Tw l ed t o I a cat




























































































Ex The Chanel A E C Q2

A A I A Lana la a

att

is called the completely dephonly chanel

1 Naturel representation
K A Iab vee A la G1

la cat a b

O o w

that is Kca I IÉÉÉ2 Chai representation
A I Ada 61 1a Lol

I la Cal o la a

I laa Caa l

We have Taa Tat
x JCA x Ea KY la 71 yo

here I is a chanel Trace preseny
3 Krauss representation

she digered D pretend

ACA EEE 41 91
4 Stinesprity representation

A C Tre CA At

where A I IG 197




























































































Measurements

A measurement is a further
M Z Po X

outcomes
tht

gMasyaf
set of moment

we meannevent operates

A channel Of E C Y W D called a

question
to classical channel if

E A OI




























































































Pro The following one equivalent
1 For every quentin to danial OE CCV At

there exists a unique measurement m
T Po V

oven that

CA I Glo A la Cal

2 For every measurement M
T Po Y the

liner nap above is a quantum to daniel

Chanel

Roof 1 72 we have

CA A OCA

I Clakal OILA la Cal

I Etc a al A la Cal

Then define

µ
T Pos X

by Mca It 1a al

It is positive and united ane E is peritu
and preserves trace

Therefore
I Etc la al Ia la al

It In
Iv




























































































If u is another measurement satisfying
CA I rla A la Cal ther

Ia Guan Ula A la a D

for all A g which implies

MG Ula A o H A Mla Vla

2 71 The Chai representation D

given by

OJ I OJ 1a 61 D la b

916

I I Glo 1a 61 local a 61

Ena.EE Y
acingttomispate

Also
Trw J a IT laical Mt

I Mk
Iv Iv




























































































is quantum to damned one ECA
D diagonal for a AFL V

As a consequence the set of men reverb

M
T Pos Y

can be identified with the set of

quentin to hand channels

AOI O E CCV AZ C CLV Az

This is precisely the image of

A CLY AI CCV AZ

sending OI to AA
Hence compact and convex

Partial measurements

Let
m

T Pos Y be a measurement

The partial measurement associated to M
D the channel

LEVIN ENOW

defined by
A Ia lakal 0 Try Mla 01W A




























































































A measurement
m

T Pos V D called

projective if Mia
E Png Y Ha ET

In For a projective measurement in the

set Mla a E T is orthogonal
Reef We have

Iv Inla
I Mta Ig Mta y

b

T T
Taking trace of Jay plain 16 Ou we get

O E Tr Mla MCG

415.1
Therefore Mta Mco 0 H a 6 17

Ex For 11 0 I we have the projective
measurement

m a la a

The associated chanel

aces
IEEE




























































































Nai mark's theorem

Let m T Po Y be a measurement

There exists A E U C V V0 Et such

that

Msa A Hy 1a al A

Moreover for a wit teeter u Eat there

exists a projective mennement

w T Pes Vo et

such that

Lula CD 147cal Glas C

Poet Define
A I 141670167

Then
at Hy a al A

y
la

and
Ata I Mlb V

Let BE Ucv at be smh thot

B C IV 14 A

Define u a Bt Hy la Cal 8

Then
Lucan co tu ul

Trottyffu Ihl




























































































Tr

Iggy
Hyo la at

Lyn
c

Tr At Hy la Cal A C

Mca C A




























































































Pauli charmers Weyl coverlet hands

Let Kd 0 l d l denote the additive

group of integers nodule d

We define two operates in UC Td

X I lati Cal

z Ia wa la at

where we eat'd A Weyl operate

The Pkp associated to a

pair aib E TI is defined by

Tab Iab ya zb

Ex For d 2 we hayffw late let

Too I

Tol z

To X

Y Y i X Z

Lem 1 Tao Tef w
be of

Tef Tao
2 Tat I

3 Tr Tab d Sab oo

4 Tas Tey To
be of Tate off

5 Taj Ia o Tat




























































































Pret 117 We have

Tab Tef kab y z feet yezf

ZX 1a 2 lati wat lati

X Z I a wa X a wa lati

2X W X Z

Then 2 bye u
be

x ez 6

eat ef b

gateybtf

Le af yet ye zf ye
oh
y z

be at
Tef Tab

2 We have

Tai ma ya zig
d

IX

ztllxgz1i.kz
i

T I




























































































3 We have

Tr Tab T I X z

I Tr flexi et Iwf f fl

Tr Ie leta Cel Iwf f fl

Ew Tiggy
od

6,6 one in 75
theme

Note 9 0 b to

I web I bye

I fetitldge
o

t

4 ME Uca such that
y

I yd l then

re o

sin nd n o implies gu i Ime o




























































































4 We have

Tab Tet kattefu
be
yate 2 Gtf

On the other hand

Tate btf
ate tf
yatezbt.fi
a6taftebtef

Therefore

Tas Tey we f ed
Tate of

be of Tate Gtf

5 We have

Ta Ia s

tab
To

I

Note that Xt X and É exerile

Thereter
Tai É

I
Fab x

a
z
b

Ta 6 I




























































































Gn If Tao Caio ETI is a

orthonormal bans or L Ekd

Reef By the Lenne

Tao Tef Tr Tact Tef
Tv T a 6 Tef

Trl ve
be at Tate b f

d Sau et

A channel EE CLA Za is called a

Pali channel vend avant if

Tao A Tat Tao OI A Tat

for all la o E TI




























































































In The following are equivalent
1 E D a Pauli chanel

2 OI Tab A all Tas ACarb E Q

o E A I 81916 Tao A Tato

where 819,6 E Ryo and I 819,67 1

Reet 1 727 We have

Tato OIL Tas Tf Tat TI Tey O Tas Tf
Tat TI Tet E Tas Tf

It
Tet Tato OIL Tas

i.e Tat Octant Tef 0

Nettie A B AO BA

Mete that CA o A ApttEmnte
Sime Tef Jef is a bars this implies
then

Tat Tao A Cab H

for some A la o E Q

Thus
Tao A Lab Tab




























































































2 71 We have

Tar Tee Tat w

we af

Ace f Tat Tef Taft
Tab E Tef Tat

For A E V we have

Ector Tat E fEÉ ÉÉÉ atEff Tef
Tao OI I Let Tif Tat

Tao Ofc Tat
s 2 We have

acted I

I 8 La o w
be of

Tef

Ale f Tef

A Leif I 8 a b
e

fief




























































































Define the opeter

F E wat la 61

called the Fourier transform
Then we have

d Ft B F I 59016 Cal B I wet le f
e f

I wet
ab

Bla e 16 fl
airiest

y Ie
wet at

Okie 16 f

I Alf t 187 f

AT
That is d Fto F AT

2 37 Simile yellow from

B I F AT Ft

The Choi representation of OJ is given by

JCI I 86,6 ve Tab Hee Tao
t

Ff Rd Old




























































































I polite implies that 819,0 E Ryo
Trace preservation implies that

917 I 86,6 T A

which gives I 86,0 1

Ex 1 Completely depolarizing channel

RCA I I Tab A Tat

2 Completely depharing chanel

ACA I I Toa A Tota




























































































Teleportation

Teleportation is a basic protocol for transmitting

quentin information

I clanical

t.EE EE
entangledstate Z

E I Lead

Here V U IN Rd
We fix

1 a state z in Den UX W

2 I yea I Yee 1
t

I I
16 al o 167cal

2 a measurement

M 75 Pos You

where

M
at tree Taf vestal

L I woe tf
late atf I e fl

d e f

Recon Tab tabe woe late cel




























































































3 a charnel for each a 6 E Id

Eas e Tao e Tat

Define the channels

i E L Y L V0 U 0W

E e exo e

ii Ez L V U L Q 75

216 I Try u Mlas 6 196 ab

iii Eg LI 0725 W LI 075 xoxo

I plat Iab at 08

I place Eats
Lab abl 08

II FEEL
I 020 HLNE Hilda

III Et I
e




























































































ten Vec H vee 1 I Tab Tab

Priest We have

I Jay Tao Tab

L I Iewbe late cel o lata c

e c
See

Tar I I woe late e

e

Fa I
90

E u
b

late a

I lay
set a late al

Ie tf Cl If c

In We have

OI E Haw OE

satisfies E H Lex

i e OJ A A HA E LCU




























































































Inert Since Tae a o n a Gaus it suffices
to show OI Tab Tab a b

We have

Tao Is E2 tLHo I
Ie Ice cel Trion mice Ta

g
feet feet ÉÉTf Tf

we we

Ao A Vee B vee Ao B AT

IIe
Tr ve Tae ve I Taste Tft 7 TceTfgTie

Etr LIFE'tf g

I I Tu Tft Tao Tfg Tab
d f is

Ifan d Sfg at




























































































That is

Tao Tao lair EMI I

Operated meaning

82 1 Law o E Tao

f Ie ke feel w'd et d Sfg ab Tf
f g

Ie Ia Icel cel o wet
ed

tag

For a deity openter

e I tae Tae
a b

we obtain

y
Ie Ia I se rel ha we Tag

ensemble of states




























































































4 the outcome of measurement
y

is c e E 75 then the compound

register with cloned otter Taxa x2

is in state

Ice cel Ece

Ther Es makes the final correction

1 Ice cel is discarded

2 Lee becomes

Tae Ece Tat I has w TeeTagTet
wea it Taste

I tab Tab

e

after Alice communicates the denial

information of the measurement outcome

c e E Tat to Bob

C o z e




























































































Channels on dervity operators

Cheering I I 0,1 121 1

we can construct a bond of

QE cenuiting of density operates

east

at

I 1a 116 Cal 1261 act

I la i 4 Cal i 61 a 6

Therefore a chord Of E C V W

is determined by its restriction to

density operators

E Den V Den W

We have

ICE Pie Pi Ece

where pie Rye and I p 1

Since Ea Sa is also a basis for
Herm y we have

Of Her Y Her W

R linear




























































































Single qubit channels

A Chanel E E CC QR D determined

by its restriction to denity operator

Den Qa Der QR

Pre Der AZ

e II rata
I i sis

Roof Since Tas is a bars of

LIAM we can write

E I ray Tab rat E Q

We have

1 Tr e 1

i T e II r

It
Too

2 C E Pas C 474

Recall

Too H T X T Z T Y




























































































Then

C I
ro tri

riot in

and the eigenvalues are given by

XI I ro I Yr tri ri

Note EE Po 472 XI E R o

Combining l and 12

I 11 I 1Enitril so

rift ri t rot El A

Finnian

no

respectively

e I É ri Gi

is

Et
G Z

Picture I sphere
bounders bloch

y




























































































r

Aside Eigenvalues of

a

are the nets et

a x d X Gc

X a d X t ad be

I
a d I Vlatd 2

4 ad be

2




























































































We will need the yellowy bare cherubs

1 Determistic bit flip
E e X ext

2 Determistic phase flip
e 2 zt

3 Determistic bit phase flip
Ele Ye Yt

Inm Every vital Chem E E C A1 i.e

I Haz Hey D of the form

E O Iggy
8

where p E Ryo and P L

and
e Ue Ut UE UCAM

Rot E Her 074 Her CAR D

IR linear

Writing
A I É ri Gi ri EIR

for a Hermitic operter I can be




























































































expressed as a 4x4 real matrix

I 1
ist
Ma I M

Moo

for some red 3 3 notrix M

We have

17 E D trace presering

This implies that

Mo Moz Moo D

2 OI D with

Mi Mao Moo D

Let OI A I F Sj Gj

Then 47 a soo for A L Gj 5 112

2 a Sj 0 j 111,0 for A 6




























































































Therefore
I

M

L t
MOx

1

By the singular valve decomposition

M O D Oz
where

D s si e Ryo

and O Oz are ohthogoul 3 3 no tics

Teo
Any orthogonal rotix O can be witter

on
0 R a 72

whee R is a notation notrix




























































































Then

M O D Oz

C
a R D 6179202

R C 1
ta

D Rz

R D Rz

where
D

and si E IR

Note that Of
M

E
R
ED ER

Below we will see that there

exists U E U ear sun that

EU ER
For the rest we will assume

in

1
whee Si E IR

Next we compute the Choi operate

of E EM




























































































We will une

10761 I 1 It 2
la 6

10 I I Y
I Tao la 61 Tab

11 Lol I X i x a b

1 Il I C H Z

Then we have

E 10 lol I 1 Its Z I Is s
110 il I sext is Y I s I
81117C l I six is Y I s I

E Iii 111 I H S Z I j 9s

The Choi operter D given by

E I I OIC la bi la bl
9,662L
Kronecker product

A 08
91 8 9in O

y
It S O I 0 sit 52

0 l S
I

I

O s Sz t l S O

sit se o l o it so




























































































The eigenvalues of J D are given by
the eigenvalues of the the blocks

I
so si s

Si sa i s
and I

s Sits

Sits It

to It sit sets 4

I It s Sz s 4
X2 I sits so 14
X l S outs 7 4

The map E D completely positive if
and only if Xi 7,0 Hi

I t s t Sz J 70

It Si g g yo

t s s s yo

1 Ji Su t 70

or more compactly
It s 7 I sit Sul Fujiwara Algeet

I s 7 Is s t Conditions

These inequalities specify a polytope in
tetrahedron

R with vertices

EI I
flip




























































































t

x

Hyperplanes Z I X y i

Z L X y 12

Z It x y i

z I x y 4

9 a




























































































Lem Let R be a Dx rotation

matrix Then there exist U E UC 72
such that

e Ue ut

Reef 41074 acts on Den Q 74

Given E Den ath the opeter

Up Ut is also a density operate
1 Tr Ue ut Tre I

2 Positivity

x Ue ut Cute eat 30

We can write

U I da Iya Val

Ta e
da

Uae Ryo

et A

Whee A E Her QR

A I Da l a yal

Writing A I É Li Gi




























































































we have

a e
i k It 4 4 Y 2 2 12

éi

we have

Ue Ut Ve Vt
Let us write

e I

Then

eeiti.cat Iiin.o
where

Ry lat is the rotation

matrix rotating about by angle 121

initvecter I
in the detection
of L

L

by Ingemar Bengtsson and

Karol Zyszkowski
Exercise




























































































Gr Every vital chanel E E Ccaa

is a mixed unitary charnel

A Izz Pla Ua A Ut

where Ua E U QR p la
E IR o such

that I pla 1

Reef We have

CA OI ED E A

I Pi QIU
A

A




























































































Examples of single qubit channels

1 Bit and phase flips
1 1 Bit flip

p I t CI p OI

M l p I J t p l

t 2p

1 Lp

1 2 Phare flip
E CI p I t p g

M 1
h

1 sp I
1 07 Bit phase flip

E CI p I t p E

M
t 2p

I sp




























































































2 Depolarizing Chanel

Ele pEn
t Ci pl e

Completely deploy chefs e H 12

cel I É Ii e

I of I I É Ii

M H E i i

1 p I




























































































3 Phere damping

Ece Are At Are At
where

A A É
4 Amplitude damping

e Are At Are At
where

A A

E H
o Ey 11 812 1 8122

not with

Exence gud t M
for

o 14

Try veep nee F
t

V7 xp
t




























































































Channel fidelity
the channel juity a Ee caw with
respect to P E Po y is defined by

FCE P F Iu Cal I Hey 14 ul

whee tu Vee VT Iu D a pupation
for P

Monotonicity of fidelity
Ps For E E CC Y W and P Q E Po V

we have

F P Q E FC ICP OJ Q

Pret Let A E UC Y W U be such that

C Try 1 A C At Stineping
representation

Let Luz Lv E V0 U be purification
of P and Q such that

FC P Q u ly Uhlman than

Then
it A Hui lu

is a purification for ECP

Tr 115 Il Tr A Ay la Cut At AuHOU Ux

Try 1 A Tru u al At

Try 1 A P At

OI P




























































































Similarly 157 is a purification for Q

The
FC p ECO 7 III

ul IEA Hui x

Ulu FCP Q I

Gr Let EE C V and PE Po x

For 147 E VOW and QE Pos YOU

satisfying p Tew la cul Tru Q

we have

FLQ 8 1 Lcu Q 7 F 14 ul follow 4 ul

Phet Thee exists E E CCW U over that

Huey I 147 ul Q Properties

By the monotonicity of fidelity
F Iu Cal I Huw C 4 ul

E Fl ten E In Cull Ex I 4 ul

F Q E Hey Q TI

As a conquer
FCO P men FLQ Hey Q

Q

Tru Q P




























































































Writing g a I Aa AA at
we have

FCO P F 14 Cul Exo Huy 14 ul

Vcu Exotic Iu ul u

I I u Aaw it lu ul At It u

YE LEHI
vee V7 A Hr Veer

CUP Aa VP Exenu

HE 1 P Aa 12


