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Theorem 4.2.1. Let ® : My — Mp a linear transformation. The following assertions are
equivalent:

a

(1) The map ® is a quantum channel. Tchy=3 Eﬁ ® @(5956“49“3
W=l
(2) The map ® ®idy is positive and trace preserving. / J
(3) The Choi map J(®) is positive semidefinite and Trp J(P) = 1.
(4) The exist R matrices Ai,...,Ar € Mpxq such that
R R
(X)) =) AXA; and > AjAi=1a (4.14)
i=1 i=1

(5) There exist some positive integer R and an isometry V : C¢ — CP @ CF such that

B(X) = Trr(VXV™). (4.15)

The decomposition (4) above is known as the Kraus decomposition, while (5) is know as the
Stinespring dilation of the channel ®. The integer R above can be taken to be R = rank J(®),
value which is called the Choi rank of ®.

Examplas o A \Ao.wl'{](U choanal i D — Ty

. uwl‘ro./a CDV\SUSQHNS M(u‘. O, — 0y P U§> vt

. digelodnioq chomad A OO (v %) %l

. d.;,ﬁang conduRoral), ex?ec\'aﬁor\ du'ﬁ : \‘\d—* ﬁd X — szz\t‘




- Lhrot ace todural FmboL': h’lj distakubkons on o set og LP.._mvlovr\ chonnabs mn— ﬁ.b?
- each lem n Ha chorclesization oorem tomey wilh oo candidofe :
- (12) : ve Mo (normalized) lobhesgua meowe on iia cpmr«‘ooij v% a. choonels
~ . =l -1
- (3: P’\cﬁ;_ X ~ u'xshorl—dbm and vocrmolive b j:=(Ia®Z Z)j(]’_dez /2) ,
~ -1

wew 2:=(Tr,®id Y(T) . Defne & =3 (1)

- @) Pick NN Gindbres ;\'“_,_,;lbh€ﬂ_bxd () and weormalize Hum: A. :=2’5Y_6‘
M e
whare. = Z— A',*A‘,
: 4 D m_ N

- (8) Pick Haor - cordom \Sovne)eg V:C—Co®C ~C ( b3 Mncnl'\'(:cj o. candom

vn;\'o.rj UE.(U\.DN to ils g{rﬂ d Co\u‘mns)

Theorem Thewe families e% moasores oo idenkicad
lebesque S\wwftmg} ‘f } Choi }
/A e {/"ol,b ™ e /“d.bm Me N {V'd.u;n Me
for M= dD MY M3 £ RN

D

Whese Md‘»::{[ﬂ,".‘w- 1 L [4D, + o)

@ Ou+1>u+ sets o{ condom qu.ou\'\vm channels

= M clossicol co.fau\-:i oS; o~ Mm ool @ ( how wuck clossical '\n{-‘ormﬁon
cen \oe rce;Lo.(o% gent +rough Mu%'p\s_ uses of c,\namu.Q) s ecpessed of

on en\wo?'\c cTA-.m\Hl:j A.Lfev\cb.‘rs oa o DU\'QO\- sef bg @®M Cn-—»oo)
- oo w\o..‘\‘\’\Q_W\GHCQ,Q% S§m‘,kn_ <l vont cr»...c.\n'\\"#j it Ha winimom ou\—Qu\- e""“’ﬁ‘j

H™(E)= mn  H(EE)
pedM,

- oddikuily conjechre Hmio(§® P )= Hm("(@\ + “mzn('i’) Lolse
- usirﬁm Ccrmuﬁj u,[ +Ha e”{“’ﬁ‘J , we can estaoct He min o pose Slodes f;\z)(aq

— it @ My — My s defined Via an '\Soer:j V: C&ﬂCQ®CmI'f’Lﬂn

mm

()= min {HC Tr, |5X3|3 Y€ Ran Vv lljll=4§



> for o sobspace. (RonV=) WeC ' ® €™ | defing Hur seb
Kyi={ acg) + yew, nyh=af  whe
A(y) is Yo vedkor of S‘?ng,onr values ( Schmidk c,oe,glgfcier\l'SB of y

l/\n

— 3 N
4=z Vaw eok for L, komlies {elcC {flecC
- C,omgu\-{cﬁ Hm;O(QS = m'\n'\wda-iﬁ o wsol ewlmg: ovec H’Rmv , whee
\/:CA-——» CAQ < is Ha IS'OW\&*S Aa?m‘g § : @CstTrM (VXV*)
Theorem Gonsider o Sequaenta. of Raor-diskabuted voundom
SU\:S‘)&.CQS \'JM Qch‘@CM , where & is g\md, n— o ouwd dirn W, ~ L& n
for o Fxad te(o,1). The Crandom) sebs K, € Ay  Converge almest
stneQa os n—c0 ln Hausdod( distane 4o o dalermnishc convex sel
K{‘E:-s .{Ae Dy T ¥XEL, (A")c')s Il'x//(é) }

The elewnent of K, e\.o-d'\ﬁ min entropy is of Hao focen A =Ca,b, b, ... )

ond. b @n be Colm?\r\ed ex?&o‘.{cﬁla.

- Huis ek gives Ha SoTA  vio Qabion of o.&di&"wﬂvj fQ:r -HmI“) os well as Ha
smalleak value 031 R for wlidh o uidohon occors
Defiubon The (€)- natm on le is definad by [zl =1l BEPM | where

we Edo.n}'vfa )Rl'~ wite o ob‘.qﬂomﬁ subolgelom, og o C*- ncps (A, T) and

p, is o pojeckon of vonk k(o)  free fom IR™in o4 .

- el is Ao Loogast (ln alesolude valie) elemest of K sopport of
(8, 582D 8 (£§,+ @)

Pocof 1dea max A, ( ) = mex T P -?®L = mox max Tv (P,- LT,
56\»/,1\3\1—_14 ¢ Wew, liyu=a "< y 2 m> y v (_‘j > 3
et |2l=1

= mex IR, ROT. I 7oz | Co 0l

M To0 N=oo
z



