1 T$ ALOL| Suhminey School on Quamtum ond Black Holo Ih-fvl'imﬂon O e s b s i
l iy I Y W/ f '

K

A

T’Ln.uY

il N |

o Vi e

pagu hang Jaquahans(e Yiu.edcn [ Thanjan Uw

| 3,910, 1] 12 o Vielsen an Chnane

. @W\\ RCN A
3, Quavtum oDeva y
m AV T4 l‘g ( e
YA m__eYYoY-CoYyection :
{
B -

e
l._DveyyAs '
D 1wty = (") x=(Y s (Y ==('- 3= (X, Y, -
4 D= (o) (%) D Fd=1I0d =ud= -
5= = (ID£1D) D X[£Y= £+
 Hadamavd wedyrs  H= é(".'.) ROAD Jj_'é)__
@ cassical bt Doy | 00020 0®1=1  [®Dp= 1 =

quarctum bt (qubit) pue stae 1¥)= X005+ BND yash RP+[BF=1

cos*g-_ 10y + e"'-q"sf‘tn-_;,_g l|>)

4\-
no+ ih\po Ytan+

Bloc

?-':(Xl )

X = stnOsunp

Y':'- S{hef-:iu ~
K 1‘:: cos O

QHRY\




--h--l--—--ﬂ-----—-'--'-‘-----.

espectally , maximally pxed sfafe Y= o0 =3

upnll dihb = 3 pol00) + hlolloh'l' (o 110D + oy |l
y |bo 1+ I&Dl'z{" N (¢ 11‘ Qllli"

Bell_sfates [ Bell basas; EPR sfple, EPR poiv) _

/—_L&L_MS) _
3 (lot> + toy) Jha vy < ';1'5( oYY+ (—-Nl?))

-
N
e -
_/._____J_ﬁ'o.:.aﬂ_w___*-“") ¥=Y®l, o=!,T=0
- i
" 3 |

S —— ilg;t&j_agﬁ Bfo}

Hadahnavd 10 S5 |+ -
B L DS |-> - )

N+ BIS > l+y4 Bl




--.—---------.—--—-—----------

&ll <k | Boo 2~ E_L(|°v$+ 11 )
Loro classical bxds g, Mo - B 1 I

1% = ¥ [Foe = h S 0> (1owd4[115) 4 B 11 ((1oo>+ (113)

C 2 1B (@ 1oo+ BIS) + | Rod (1054 B10Y)

PGS (103= B13) & 1Ba> (11>=B10Y) |

4; — -'L | |00>(°\|03+|l)) [0 (Q“)-f- 3105

Lo (Qlo=RIn) + 111> (ID-F 10>) B

Ny = & o)+ [ Y — vy = V2

0 o 1S + [0 '—X—) N’):X\l’ I ——
o V2= ZM XM




- - & = = =

---—.----ﬂ-'---------

Oﬁ‘l‘*: € \\ D Hermd

NYOOT . C'\oo 0Y O NoY e D (7 \Q,

 VtAYYE A %0, VEAW= Aaao, o D A0
o r)TA(O ) = Aut A2t At AL 0 D At Aaat At An s AuthAnt AR
1 Ant Ay= A+ AT

O+ T A (W AW T At A+ 4lAn-A2))0 D Anthnta(An-Ag)=/ :_+ z;.+?(4f‘fﬂ

e ‘ o Y Am-A-= AL - Ay

Rk |
D Avr = Ajz: -Heymifra | , |

A G{.ECD o sitich efznv 2 decom Posa+<on HOYW,M éj (ago N < oW

: Aia ona li “ = WoY A\ "[:\’;i.V)Lgl

‘ . (O
NOY V\-é d"lb Al z~At LE ; | ' N




---I--—ﬂ---n_l------------"--

[ +tQMP+Q) = ppwpPp+ MO
PMP = A 7-1-—; |5 s dJidagonal

QMR s hovima AM = @ M(PHR) = @m B

MR = (P+AIMRA = QML

MR AMRY = OMBQ OM* G
[ s * emmte

[ = QMR QR _ N
- = QMW ROMA
= Pt
Mmmlﬁo a SquQle = 7= KUY N
- with t= = JAfA, Kz JAAY -

— PYWfJ'r T=ATA 25 positive = Z A 5G] wath M2o, <35 = Vs
_ detie W)= A D WY = G ATAITY = (RIS2) = 0% iy

- af Mo defime QD= Ik
1§ Mizo defike l@id= (1)

| €32 15 oYthonovmal {ez|e5> = S—i-}'

detine U= = 1>l dieck Unpt= I B

D UTID = Mle =9 1= Alzx 2 £ C

AL

0= Wad= Al )\-'i_.:O

2e. UTI1L) = Ald foy wll |2

Yy An g - . TX

D= Thilsl » Mo, Kiljy = N




--------------------------

Hve val C3 y Y vale< o ) -
vooT :  Positive mataes (MMY) g, andd (M""Min x n_have the sane P_Oiﬁu@ﬁwl{ils
p 8 s

0 mmtuwa= ST Ui with &a20 , Uf Uar= Diif A=l m

"_“T'!.:_‘ 21BN ™™

/ I !5 » = honvauxrs i

- o nva YT K _:..' [ Ve ,-....'” 2 MM+
S:’: Al
Ty WM X W an’ A Y




- e .. -
--_-------ﬂ------‘--i’

A LUX

2 A_2S (QRV h-

/ﬁmmamwﬂu@w ot valie w & gngular valie v

‘u _Y€ﬂ| Q}. D

. (4) beS AYes C QUA KT Me chak ’
| @ stak space  Ualhut space ¥
@ avelution: ¥y Uy=1 & th GS=HIVS, Kt=H
3) measnyem < Meas| vy opevatforsS L Mm il e
(gRKkayal)

-  MeASWWAhg Outcomes W
o pwobabilidy Pews Y| MEMnl \4/> S
_Mml¥>
[ 11.'1..!'.-. 2 MRy ST
eq W= QIO+ BIId  Mp=10DG] M= 1) - -

O

R JOEN L S LD
P

Pl1) = |B]* Ml:\b B D

e! Mof&k

A W @1__"'*

L

(D) Povm | posrtive Rvatory valued weasuye ment:) )

stade US@(EO® -

Compledeness eguatt Zz Em= 1 2 Z Ao =
[ WY O)ective Weasuveeont « ObDseYVUeiblo M= =W R,
(o special Poum ) > Vo jectors . Ph < [ B Pr= Sins
e P Yobabild ) s <V R LW
complete hos¢ e auatror Pu=T (> =Por =
T Postilnfe @, ® Zelis e
Yédey N2 ASK YA > Pavate Gth 3= MR Me= I
ah('i"a\ s\ <sd¢ M widh ov+ ooy m mﬂfh\f:i'\ )

6£Q e u..:.__ E M. @ |W\><o| oV #Keﬂl 10) 4n M\



- -
ﬁ-----‘---**u--------—-

oY v G{T\‘—Q l*’> :('l @ Lhayq ,tr; O\ rJ-.‘.‘Q‘ ”»)@'OB '(_“ ()) @M

Hheve s Kl@ <) Uty ([ W® 10d) = <W@ Col) ( e [0d

R ) Q"'M: Ia ® (0o N
i o
QY‘{'QHd U asS a Uha SeYaToY 1 G & _4,€. -Hmj—_- (/’+Q= IQ®IM,__

/LJ)G)EE_Q th ROM, make an evolution Uand then a pryective
AS (AYR M2 Ik DYpiye (tov R = ITa @ |md><im| N ——
vobabibkity Pu)= <W® <o| Ut P U VD2 10D = YIMd Ml V2
a v + stale M_ - JONNIES > D [m)d
NG| Ut Foalp W30 10y  NQHMA Mo ¥
R lemma : Hilheve space W ¢ i
: W) / @
l ' <w’“+“lwz>"‘ <Wi v d @UH‘M__ .Lw
o SRR v ITUTUTHIS = <Vi[ S ébu:‘*w-_- IV E

Proo‘,’: dim V= A = n M > N

- — _As W“: I"Eh =L) mehi(lﬁt:_'/ln) WI_C":’L———
: n)
3 othey m-vectore Unw v Um o

_@’l’l& u Mxm = ( U~ Up MM-I—I UW\ ) = UH. ‘= I_m_Lm_ o
(1) Non ovthogomal stnles Cannot ho Yoltabla dftf‘{@gm;_b.d_ ___




----—--------—-—-—‘--ﬂ--ﬂ--'-

_,./——Rﬁiﬂ‘;ﬂ—d WP=1 & P= S Filidcal, <ilsd= oy  0<P<l, ZR=|
I . P= W<l © &Pzt

-F[_—Fmﬁz\) i

- @_mapasiksx/f-!em DR® -, Sale P ble
(1) umtavity $veedons an the ensemble for Q{&msuy matig (@ s

Pz =<l S © I U, uty=1, 1Er= = m-m,z
_ hoiR {lq;>i¢ 2 Qz 5 ave. hot m_cas;ahl# oV +ho povinal - - -

'“ 1)
S EYW§'£- ea\Si — = e e e ——— i — -

| =>ll




-
o Ee s WS @ A W e W O a E & e & an a & = = & = o= s =

7) _Schiv

AL cOMD k '\: AB p 21%\ 2% C 9_ VS 'EIY'H’! D.V 7 1< '%5

o in A and 14> WB, st (Y= T Midats)

e ——————a e itocs 2d wds M0, T AT
Yoo 47 re stale  |W= T A5k 172k
[ ovths noving! 125, k> 2n A, B
aple  dtmA, dmB could o diNe vor-t
L/ a\‘jbhq
ST A decom posiH on a= Ud W
S X 2 Usadis UE, (5 MW"‘“"': 3
= T ldated B o
W/ defrpitrons M= did, 1y T Usz 1), 1aedE T Uhe (k)
. Rpm: Pa= %E’i 12a><28| , Pp= __‘;—_Xil&a><43 | - e
20 LTACATI0N = X P HA)_S{B_' N a maxed stade .

. Moalﬂ@ A Yelavenw &ystem R <uch +hat AR 2h Dhye stafe VR JARXAR fa)
eq |ARD = ? cr’-'_a; 1A 1D

l EQ' AneqgIno I't CHSH thegua

)
) C_IT" seve Hovhe, Chmony, Held

AR q:[ﬂosh&‘m“.y Ange h -

_ Ali cz 1 -
Ohe. particle ancthey payhc (o

O )Qc_-[.}ue, PWDEJ"i'ieS b%m 'onmp_;ﬁa;
— Q@=%1, R=x( 0S54l T=*])

Measuve QX ov R meashve S oy |

casacally satrisdied bud quantum

g

o<+ RS+ RT- QT = @+R)s + R~-@) T =+ <2
AN 7
Rithay of tham 15 2zevo

‘zj—; PlAiVis,t) (St ¥s+ vd-qt)

‘
—

E(QS+ RS+ RT —QT

E(RS+ RS+ RT-QT) $ 2



Daie
‘ \ p "-“E: XL — E_‘::_.X.'.z_
20 lat R V) = f“"(i'oh—-h*:B Q= =y, o= e ¢ = {3

D AD=CRD =R = - <ATO= -

I

D Q4+ RS+RT-ATY = 1z 52
3 VWt RS+RT- 2 =

Aassh "“bh ive ” :{Jlggfqg if-{-é‘
' L veaklsm : pro rhRes (Q, RS, T exist ){Hffgpzur{cw_f' Q# obsey Va+1on

r \

localidy - A“&'.ﬁ easurekeest dee l':"‘)" 2 A OIS L
9 Rthey vealtsmoy loca bty oy both shedd b dvepped -

\

P -

JIETA

B KT, probability 2= 50wy oc<pe

o - P= o tvanal P=l tvac-pe 2V Ve




- o . . -
-—---—--l---—---—--_--_-

= tve|U(PB 1Y) U] =P, PP+ PPP. w P=I0¢l, P.=115¢

l S .: .1..';#'_ "‘-i I WLE N o ’F ' - A ‘I’ QCA

YD Ot » » e MO b - O E i_, Qh)]

{YACQ-PEEQQVVQng W Ly L ) L
D" (P = TR U(P® eorce.l) UF ek ;

= T ERPEX  wath Erz {ehlUled

tvéP) =) "> FERER=Iq S . oo

o alr.zi A= % Ekr ebleh)_(ehl y 2™ P o
> uty = (F & Elﬁ;& Jeo‘:o(eo_[ To® 1e5¢& -

0000 exdend U <t U*_bl =_IQE_£L+’ -

NON—~Yin (e - DYeseY INR W\ Ll
- 1.

"y ) = % CCkI PU(Pe 1a><e.l) Ut Pl QR

_ 1 =~ % ERP ER WY Ek= <@klPl_/|lQu>. 8 i
L5 (P) < ¥ EAER S T B
&l prmectsr Ig @ f_leb(em (be-[om =x€nsion | -
__dd_"h: E i Er Ho opeYation eloments ¢it. & ck ER= Tq
 constvuck U g4 U= Teo TR -

lho o R YA T20N OLLL PlE) = S.(F

’P(i) ) E(P-i.)

A\
Coﬂdlﬁonu DY® P D14

Plgle) P; fri(ﬂ) Ta

Eq QS' g (1] 2) =
befoye opRyatioh £= _7;/?"' P{
2O - = i) gy D P = TR R




L — -
-—--.-.--.
- L
-l-l----l---.-__
L

Ag_ s Fé _Q, Eoslﬁve =) _E(PJ Positeye
P& RQ poative = (Ir® £)(P) positive PR 5 o vefelrn®@ syclop,

C\X‘tohﬂtc PPYoac @ ONe Vs

Yot " &' M f V) ¢ RA

—SUm _aDPPYoac, |
10D = (Tr @ EL) 1)

“ —

b
Ak

(/

> <ML 1) (PY V) = T ok, P(I®EL) D> = LGl Pl S o

\)

1 1A) = T hRMad

o = (rog) >

| v ¥ IWs TV 120 €Q, dofiry 18D = = W2

- 2 <TIe¥) = Z (¥><y))

D) =2 Ea W Y E: SRa

e e—— Y &

""1'} 65 Cs2] ¥) = <y lsly) = L(NXQH )
A2 — -
= 2@ = ¥ EpPEL

“+

OY% AbY o DA ’kR ’k
loting 1> = X | kpdolE: | kad
]{;) = IkR) @(F.,-lk@)

\—_—ig ‘l;: | kR 9”2o> )
— wx (e f)(o<a) = (e F) (de)

— S 5= Zled<eil= F )

Y 9= & Vulha) €Q, detie 1¥3= F VE (ke CR

— “_—



-
.—_---_-ﬂ----ﬁ--'—-
- -

____1_—-——-—.—-——1—*——‘5 t;l..l._“i_a_:_:_{_:}’lt"¢> > 5: W'i ‘(‘rl‘{,): =T l_/':i'; F5 N’ _,,___,_,) Ed |

~§) tvar and pariial :{:ymmmmm_opg_@@m___
. tvae: Bislod¢a]  gp)= F Pl odCel = 4P Jodl
____,_}ZAYﬁal AR ghantum ysfem Q e devente c\stem R
=a = I e ) 0 1R
o g(liededlkalel) = diple (I4 ® ([0
> € (Per) = (Hvr Por @(IORXORH
Q) cladcal hotce bt flap

Ob—"—5 O  Mavkow pyotcess ( 1;)_ P 1-2
P z"? ol I~ \1-P # 1

N S . . R ———
_(10) guantum hotses a5 GUAntum ORYATDNS -
38 Stnte P:%(I‘*Y;S):%( 1y |-
Y=0uVY.¥) =X Y. R) P11 Bloch cpheve

O b flip ge)=p P+ (1-P) XPX  nole 10>+ BID L5 v+ gle>
_opeYapion elewments Eo=dP I Ej= d1-2 X ' I .
@ -phase. Jll_ip S(P)=#P +1-P) ZPR  node éJo).JnEh) =5 210> =Bl

@ "l.._' B 0) = o3 % | <F Y - _
de polaviz 2Pl = 4’_&“'__[_1)_“15 - I ~
0 QY
® amplit : _Es= ’ -Y) _E':"(_D_ D) 0V < _

10) = 10 IDEE (Yr--}z) | -

- o 3‘4’9\&10[ st 1D
Ha\m&l"‘onic\h H=( I Q)(c’c-l-ed State ||

+y(HLP)) = di-y tHHP) <heray 2s [o

(6) phage d oL n — | - = A Y 0L )\ &

+y (Hs(p) = tv[HP




—EEE
-“--—----‘--------*

ot atom
= | alve, 1> alive_and/oy

> lalived zz o>+

- -'r-'_--( |dggd,0> b | alive, |>)

h wawe T cc
p= wen= = (1 ’ 1) °°)°'(°‘)

clasqcal Lma;'.wm nty
degd ov alx

qQUuAt M Uh vty ocohoYend?

l-' ’ ’ ’ i’ Yo ‘h

3 ‘('QY\ ' AY ‘lb
de qubit P= = (T + X)X+ tPY)Y + 4P R

(“ ’.‘..J‘ inuii (4 L. + 7 &4 .ﬂ. *AALT ."'

En: [cal, 105 with aFb,abzladug M=, g’

WA
. Bi= Caim En

A

™ . g X
- ’yw\n EMP Et WALh A ran = Z Qimeian Alxdl. Dositive Mat X

o . .. ., Cohsdvaq = Ex Ez=
AN lont veal pavameders A*-d4*
Qd ale qubit d=1, A+-d*=1
be v P: Pr o=l db

-\ - | — AW
b Shakk tomos )= F Aok Pk = £;1 =
Mh
calculate EmPs E T Psr Lk
. ' lmr(\h c.oluw.l_lxdlx xdi ensoy -3 A% x A%
Yow
o~ al"-‘A densoy — d — vectey
AT R
$ F.x__: “ ¥ B i*\VQYH’L’.Q x: B-')\ izj.ﬁyahuA tl\lelfk,no-} M’H

24 B non-avertibly X= XX WX detind as B=pfx P
SRR 2 ikttt L i b i A
chack: 3 &' <t Bx'=N 2 fX= PXA= Bk Px'= Bx'= )\

—




.-—-----
--——-—---—---—---—------

/‘_“

_tenvalue  docompestts mn =% Umidi Uhs Yo

e

S €im = Adi Uwma -> Ei= ddi Z Umi EM

4 Distane ™Measiyeg

\ X WA A 4 _ __w_m——
DAY 20 vewmnegat \Mg
e G lx \ -0 é) x""‘ | A2 o 1 gf,. (e p D C

2) AX\Y) = ¢ X SN v & LV

il

® A € dayi+ AN, R) G

\ “~ , . i

p] 2 1N G ‘th : oY 4 - p A\ AW ( 44 a = " ‘E B £
v '

_ eg_uﬁl\gf_wbl L ) =
Q) clacsical tvaw distonce  (Li dXstane, Kol wo YOV Ar tznce )

W0 DYobxbalidy dstYidution ’Pﬁ,;j;};_ e ———————
DRI X I s max (PO-u9) L 0 DO 7)€

svoot = dotive S+ =L x[Pc-IWxDo S_=ix| T =9 .é_og
D (P L) = P084) = Usy)) = = (PG -Us) o

= D~ 1) nole PG+ PL) = 16+ US) = |
7

oanalityr DB Ix) = P — 1(8+) - f% |
K . d /P(g*l-\ - Y ¥+ Y(6) - 910+)

N D(/&uy’() + D(Yx: q:x)

ST % 3 D C\W C 21D X d_ 0“( '{\Y:(

{ MOSWAYY % O

'.h l. l- ’.n -lfa

\ g b
{ c "A« Z\Ge OT Ohe PYo [ADq ittt

(VUC LA

.- X € an exact copy oF X

'P =XI

dX,x

— ’P(R=*I Y= Xa) Unkno

DR, R 3 Tan PUXE X2) = D(Raxy, Y2 )

|
5
1 A(X=X) Y= Xa) + = P(X=x) = P(Xxx,Y=x)

“=*| x: XI -

y not §RS 3 two Jozut GH +Yx Duttor

—
—




— -— - -
-y S e B w8 e = = =
-

-

x P(X=X, Y=x) + 3 F (P=x)~ P(X=% Y= X
s £ 5 (e e

/_,___@ixf‘i’_f | = Pxs \;L_ D —

= PIX#Y) _ P
- ¢S 2,
4) clagical tadelityg: F(Px,Qy)= = r]‘?x‘Lx DSFS.I____________________—

~ — -
Qrantidatave AT 63 uai la ve-h S

_For tuwe Juantum Stades Pand §  D(P S = = 4 [P-1

TUAYS WA XY Al = A+ A": U © an IAY Uﬂ.‘uﬂ.i 0‘5‘ A

—_ E

= S b} e‘igv\ Va\u_»_s r:i JAﬁ*‘
N — - . SRS B
R —— _ - = Shuw. o val ofdNA

24 A havwitian ~y

= Sumof &M!ﬁbﬂiﬁﬁ%mm_ﬁ_
AAPIIS sumod Sgvalies of A

= T valo<ll = Z S AA|

D DN(UP U+, us )= D(P.F)
D dps)c A<ty [P(P-5)] prodechy P

YDD e LALR W ‘L.P A (oaDo :(\0 P-G:MA +
+A =0

C&{@“G\ A N /\ W‘i Y.

Y

VR exdehvalue of A

yvs = YA
Q = +tv

> pov-= Q__E%\P_Q\E_ Q'\-S% 'E'VIP-Vl: "{'.YQ‘\“tYE:l'EYQ
\_.M’__MM— §) = tv[P(Q-9) |= + PQ = +v Q= D(P,§

P+ P(P-9)= +v[PLa-9] ¢ +[PQ) < Q= DIP, 6

vléd

A= At Ao 9y NE Dosx-ye

+ L

-

'--"""Un

detihg © +l~o ovml Nosi tive. ok

OY 4R W&
- .




---‘-
— I
*---—--ﬂ--ﬂ--.----'-—-

 ® bes) = s DR ln)  POVM TE] w FEec T

- probabalaties An= va(zoaml,_imjiﬂiii
0,
‘fl_(_ o, )U* > blPsY= DARWEW)

vl §E D)= & = | v [Em (P-5)]

ty [Em(Q=$)]
| T Em®) ~ 4y ( EnS)
"E ‘LV Em@ + ‘,:YEmg)

uj-—-

|
N~
%_

Ml BM

/N

(
M- [B)-

—

/)
vl

ﬁ,
h

% 4 (0ts) = D(Ps)

______@M_O‘D(P G) L )

14l D(P,§) £ D[P.‘EH Dlt:‘s) 4_@

6) {20 alt
. I prodecty P S-t. DIP,§) = tv|PLP-S)
- = tv P(P-"C)] + v P(‘C-G) 3
- £ DTy +Dlms)
Q@ Hc\q_p\resevﬁzg_q,_mmm s Yoty Yeduks  Hvace )

CDe®), sy g (b))

___L]‘___F_’;E_‘_&'S £(P) - €(s)= $(0) -~ US)
S ovihogonal posxtive 000

¢ (Q <) pDostbive , not unessa¥ily svthoconal

wosectow P, DIL(P), €(6)) = tv[P[(P) - S (5]
= | Ple@ -~ ()}
< +y P£(Q)
< +v 2Q)

- +ty Q

= D(P®)

'  @q: pavkial 4va@  D(fa, Sa) £ D(fas, Sa )

7'\ « I\
@ \V.4 /\A al{' r-\‘iv\/u"tSLakal—rP\ loS"& Y Pav «I«Eﬂ.[ *YI\CQ.




----ﬂ-

- - -
---—-----1---------

@ .S{me] )% S X 1 { E-l:.l’ ' 1/

S FRRA, T9:6:) £ D(R,) + F PDE 6)
wod: 3P DLZMP, TUs)= T PhNPA) - T 1tvPe)
- ThbPA-s)+ TE-9:) t Pe)
< TAD(P &) + DR W)

@ ‘zc;ih't CoOnve it ) ?;PQP*E -’EP-IE'E) é %/P‘t D(Pi,gi)

() quautum Bidliy FOS =T HlFegm
_ O© F(hs)=F(s:P) prof: [X]= hot 3 |swdsl = ﬂ JF«'FE
Js¥p| = dg P rs
_ Ge=(ew
 vole MM have fl same sigulav valilos _
M= USVE  at=V T UL -
S Wl &l= +vlEF] © FP$)= Fls.P)

® F(uput, Usyt) = F(Ps)
3) Uhl mann's theovom F(P,S) = oy [SHO Wi W 16> puvihy Pog

DYoot : Quaktum system Q, Yedovenle sysfeam K

—_ e —_- e ——

ovtho<onal Pasis 11@> |ig
o defime ey FRRMIS €RQ
- gekeval WS UrR® I Ua)Imd = X Urldr) @ Jp Uglie)
QW= (VROTEVe) Im) = T VIR B Yo lig)

e ek tyrWCHE P, bR (BB = §
S P 1o B A N7 RV AV L
“___:MMM+ [P s Va use tr(ATR)= <m] A® B |m)

_ : = | v (B %5 () (u Va VZ Uz (4}
Qq,uauy
' with chmu-ﬁ SIS )

o (_,5



- -
- an o= = -
—-—----------_.-l---rﬂ-

Date
| (use £y (A W) = [ ALV W= ty (A= IAF"-VM)’ < 4y 1A])
’/‘ | I A
Pb‘RY d.n.compo(f\*i\lb_\ Caw\d,‘ - g‘-’lﬂWﬂWZ 2 qUa ki AB oty " A JtB

_—_——,—_—_—_— —

~ covollavy: FIAS) = Fls, P) . )
@ px > E(hs)s WY fax Ur Ue, choose VRIVQ S.t. U= T
_ (ps) = 39 FR ) POVM FE] FEW=T

_ peb.bikdies Buz ¥MPEM) , L= £y (6 Em)
ool = Dolay 4R ComPositaou = ' 6 (7

> Flhs) = (TR Ut) |
= = [ IFE. B IS UH) (us EE»FI) B
S = ! t(PEnm) tvI(§En)  (Cauchy~Schwaz 1 ng_@ggliig)

_ = E(/Pm_;_?-m)_ e
o fov"sY we noed JPJEm=0 oy_glEmj‘"Mf:o ov_JEnJF = dm J_Em]?bﬁ‘ }ov all m

— —_ e —

 dwopwafiekonof THNND> R B
_ =7
I puvidication o P, ¥ e s Ron TGS

o pwifheatlon of S G Aty Y 516y
¢4, F(RTI= (WYY, Flmi8)= (Vb

> avecos<H( ¢ AP+ AlITIS)

E(P. §) > <HGS n |
A[?. §) -.<., AYcC (&g <\I’I{P> -<-.. Atpl-t)+ A(T;S)




Date
@. AR~ PYRseyvang cplaktuw covyectAdn Ancy _efple(ff-}
- FC®, ) >F(PS)
3 pwficarlon W, 16> <4, FAS)= LW
Q  Fa\ plac |
g loa Yar) [0 ——> o= N’QR*\J|0E> ' Loe [VarS [06Y]0s)
S Ceow ] | Ot

= Ugs N’QRS]OE>IOE'> 18 O thl{;{cacﬂon of ¢(f)® 10515 (De|
QM’llleﬂ MQE I(*PQFb l OE> |0El> AS 'S o Pwm {4@-{40;«. of ¢ ( G@!@ IDEb (D!

5 Rle@,am) = F( e lbosl, sswelod el

3 | <tarl <ol €oel Uae Uae [Lard 10X] 08 N

- = [ <Yarl Pard| - )

- = el s F(P.) -
_ covo|lg_3_A(€(P)g $(5)) < A( . §

Con Ca v

 |lparr) 108 puvities €@ 10a> O]

E(P,5) = F(Pa®l0ed0al, §a® [0a5<0atl)
> <VYs RR! (OQ' QP‘R‘QA ,Oa'>l
= 2: i <\l Q?O

_ =dPiq; F(Pi, 64)

—

2 (= P fa E/P.;sa) > = P FP, 53)

- }’P«P« G t? F(P-;gs) o
D([W) [‘,0) "'-'-'.(Jl"“k‘l”l‘lp)l?. F(”’).Ho»:{\"\}’lko‘zl | D:J ]"‘F_?:_

(.I YQla‘ > C.S"lﬂs



awval stks 1= F(2,8) € DR §) & [i- rlogn

vood: DT Purfications (W, l(a> s.4., F(eo = |<V >

_/,D_(E:_A_DL‘P)/ 10%) = W= kHeS? = Ji- Fip 60
B3 POVM fEml st F(P5)3 % dBalm W/ Az ©(PEM), c;,,,,.-.-.- ty(5Em

l :m L\-’?m"' clcbul . 1( ,"F(P!S,)

¢ = | W=l | Gt Jn|

= Z [P T e
=22 D(B) -
< Lbdtps)
@) dynamic weasuy ke, &®)

1+7

___eg wnm 4= PPHU-P) = > F(W), glyxw)) = -

1= PPe (TP D E(D, SWM) -J/F+MJ<W|W |

. S
_@ﬂm&mﬂJ_ﬁd.gﬁ}y _(ik&_vez\ﬁ__Cﬁge) I ——— o ‘&Pe"&u{.—

A NAYLE

B M Ay P-—L)\{l't)(ftl B |
}_( Q(P)) - F‘ ="; )\1'4)(’1[ | 7—~ A1 i(lft?(‘ﬂ))

> = A1 F( 1aycal, i(lt)(«l))

7 Ny—— e —— N——

> Fm—}_h ({)

#0550 Fio= F B F(b 48)*

= (RQ| (Tr® %) (IRE><RR!) {R@Z

- {RQ| =(E+IRAYCRY| EI)| RQ D
_ % [<RalE:lRR>[*

o ?_ I‘EY_(PE%.)P' (E—i ac+t onlx on Q )

ndepeu bent of <xph Gt Puva{tcatt on




e N e R e R @ aE i e S e R e R A

_______\_BML Q \|'LL {(X': F! XPH‘S““) F‘ll 1 ! .

= = | tv(kA+ u-ap]E)]?
'wiz 1 = |t[p-p)Eil ll %0
F(Z%6,4) € ZhHEB.4)

conveX 1t

= Z B F(I¥), (Tr®€) (d<k1))>

—

& FBFF AR (parbial ham ncvense fadz bity )

CoVvecCt _Sih = G | _VVDVs ®.S haYome diagnos<s [QuroY oo ey ) @ Ya(dve

A



Date
Sale  ovioy poation 3, N act o
A oo0d + bl no VYL | | I
I _C"A@M—_‘L_ oo Dl —————
aloloY + blol | - -
Alood +blo) 2 ) - X2
() ph l“ cods "2, 1] code *

vy =)= (I-P)P+ P 2P _
= oAy ey s & 1S \+><~> -S

- H
Hgd&‘“a\fo{- Sg'g . H= ZJL?' ( Il -fl ) |+>4ﬂ) 10 1= &
10L) = | +44D Scoditng Ayutt V) — 1 —H

)= 1--=)>  W=a(ntbld 10 . M— AN+ +bl--

109 o—H B
WA suyY @
o —— S—‘ﬁ €YYo ) I’l AM N, A A 4
al++4>+ bl~-- no_eYvwy | T
) A 1~+4 3 bl+= A - | Z|
al+=+Y + bl~+-) p! - | .y o
alt+-) + bl-=-4) 3 | - 2
(.q') gl\ﬁ\’ CoANL c.qj |] Codl CoYYEeC t= i \ .',' A d e

a2 ubi 10L) = 1000 4 | 10) ( [Dosy+ [ 111> loob-l-lllb) =|PPP) :-:.‘LUombH )
1Y = 2 (10ooy= (1) ([oo>—(15) ((foosy ~[ud) = |mmay  m=gz(Ivody~{ui)

e N0Ary - (W) —
i 10) -

. 10) '
V=a|0) +bl| |0> x; e : _0"01-5“"‘:?“(.2

DT 4 G




=3
- o e -
-----------—-—------‘

Date
 b-tAp evvoy 00
QYVO Y WL SUVe e et
RS . . i poation Yl Nl Yyde ¥ 24 At
‘MHL D evwy ) l | ! | , Y S
_a(lod [ou et b (Hiooy~ ond) e I B S B , c | X
(1919 + [101)) v + b (1o16)- Liorh) - v - =l ; o X2
v+ b (10D <)o) > [ -1 ) ! [ X3
(oo +bes(lod~ oy 4 | | - | || X4
(Joy+ od) + be(lod=fro) & T 1 Xs
a- (100 + 1110))+= + be-[ 1000 = 116Y) . 6 | L - | X4
(1o +|omd) + b (1105~ | oy) . | [ | l -] ] x
~a(1om+hod) + b (10195~ [10i)) 9 L i
~ oe(loodJund) + b( oo <liod) q T T T
@ phase-flip ewor | & (loodtims) imy= F(Jowy~ )
sdode  ewor mation  XidaaXuXeXé  XéXeXeJaKgXq ot
Al PPR+ blMAmmd ~_ nb _eyy | I L
 a|mPP +bIPMAMD zwz o3 = T Xk
a |PMPY + bl P> fovESovh Z¢Rs B4
alPPMY+ blanpy  TovE o9 L Tl ERedy

@ b~ p Hp  at au b

qﬂ ooo> + [11D)w + b ([ oood~ L)) o 21)(.5 o (= 1100) + JolIS)w s b (=]100> = | OlI>)

P _Cojafm .C"t_'°°°>+|m>)'~" + b (=looSd— J1ud) -
phage - thip covtecttyy (= 1000y = [109) ov 4 b (=100 +]11) )

-

an\ ey at [s+ b3 -

Cydewl) = = Ba IVYCH BT = = s 1Yo <cds)

T U4 Wi <YYoy

Eiz €wl+ CuXit Q‘ET-EI + €43 Xlil

e stades IV = (V) = A& (o004 [n1d)w + b (1000D=[11)) v

1k = XY= a(lhfo$+|olb)m +b(11od=[ond) .




———————
-----‘--ﬂ---------

)= 2, 1P = a [ lovsy - hd)n+b lom)+llll))“t

[r———

AV N L) :_a_(lton)-—-lbn)) “ l-..( 1160)4. ] DUID) v

#—_—

key: moaswempnt collapses guaiy Sade
P = P By o P B o Pl N bat- flap covrection

act Ay

N L paaE, Wl -
/\ i X Y3 ¥4 X§ X6
!

== )
Pt | Y O oz |54
~_ "

0 phase {lip covrechioh adt Fhig

_(5) guantum <=vvor- covvection  condrii ons

_ N QU2 WUCH 1. E‘i
) g R ct. (Reg)(P)xp © PEE;P= 33 -
P 6%
ge-ociiont Yecove Yale - DYe seYVE N Hevimd Ran Ma"‘Y‘EY

: """ VP, ot weesarily € C PPP € C I

(Ro2)(PPP)=cPPP & &= R;E: PPPELR: = C Pep

S [XEiPI®{fLEP] > REiP= C5:P

S PEIRLRRE P= Ckelk; P B

use ReRk=I 3 PEIE;Px 315 P w %i; = ECga_C__-z -
& engenvaluz decompos i 2= udut

define FR= = UikEa , (EJ @ {F}
> PFExFuP= 3kidkk P w/ dkk#D (as dkk=0 amhilakes « ¢ode)

EolaY de com pgﬁﬂgh Fr P = Hh_«) PFRFr P = Jdek Uk P

lofine PR= UkP UL = Fu PUk = 7o URPFE
: ¥ '
YD"7“€C'L'0Y check Pk PL= 1 UkPPt Fo Put - XhL Ph

vy o
eV W‘k"’ eWoy Cde

N

R: {ukPr} +orpeC (Rof)(P)= 7 URPrFLPF! Pk ik

- Uk PhFLF"-Mt == PEL FLPIP\ 2 & Gri dkk P
| = EhLJmJF | <P ‘

Yvoy de“ﬁ-ﬁow MenS LYe




-
--'--«-:---—--- -------------
—

8

'}5’? could Co¥yec Yrr & w{ “.en 't'l: als o coﬂef_k; h«/{é-zmﬂE‘l
wof: PEIE;P = 5 P o PFk FL = BRLP  wi ﬁhz_i_ E mEkiIng; o1

_ ULPRE:dP = Fhi Wk I D UL P F58P < mys (iR I -
. 2 RGFEO) = & “_?3 P 2 P F} P Uk r
-— = ElmpRdgeP

o¢ P
L) quamum e¥vor covvection Xmpyoveg frde [21y
J m&m (n,) code | B

p_‘roLaLily v{ nd eynr R (I-P)"+ hp(-P™ @ - h‘”

_ _ _QVvove P = P 0(”’3)

; (Y -1+ N 0 YYDY

— B ——— e —

) degenayale code : cliHevent =vvive may have the same syndyome eqd Shy Code
nop-degqenevaje codo: Affevest evvors have ddkrent Syndvomec
(1) 4 UAR an_ Ha AL DOUAC M@YR{% CDCLP_

____Tn.k3 codr: n physieal gubiis encoding __MLq,uhis_» _ _

ok ;‘:;—’b?t Ch 37 4 2N S
Code ‘qu\oﬁ‘msam&.# of %hw dwa"”"“ ) |
_ ed k=1, tz1, n=§ - =Mors Tor each code -
10) ¢l i codeg
N = R b1 R] coudz
D nxk zuey Aty af uecsage (M) +o Ats C

-

X = (Xi, Xa o0 Yk) € M G(X) = XY+ xaYatw+ XYk € C

=(Y,,\

AR\ AL < > ¥ LY ATWENSTL A S-' '}- e VeIt MERs ::,_.

11 L._.*i

\{1 w 4‘-' 1 '\\\

AAYe. waDlk 1 AR Y<)

Q C3,] ¢code Q= ( ‘ ) &G(o)= eo0  SU)= ||
4 ( | - . |




-------
------------------

&loo)=Voooop (01)= oo0llf |

=

il

n

.

i
_——— 00

GQlol=Illoed G = 1T

/_—_\—_—

e ‘Y€ C ' S
T .

l’...'.ll."l

R¥Ye ave Qh Codz wovdg (W-RIXPN hyx R

= W 7= L in=R - ineayl

QYVDY

@ MM 0 HY’ He evwor syndvome
HW\.Mf f-(YI’

€ HY'#0, chanae Y/ 40 Y that mInimiazes {he

_ Hammning dtante AV Y= (#of hfeven

wetght w(Y) = - A (Y 0)
Qlls-l_'ah(g, Qf C\Cod_p.
_ mk,ddeode

(A : AN Lﬂ. eyYYoe ﬁd)i'f:'}‘l

Qﬂglgzhm bound k< h- A+l emoey d-1 leHey

2t sl wovks )

A (€

= gy A/ ¥2) = 0 wy)

la » YYE

ctio

A cons

code (=Tnk] HG=o = ATH =0

S dial code Ct=CnkI-=Chn-k] &*=HT Ht=&4
§§ CoAL Ca.ldQV Lahh- ﬁ’lDY- thn N 00

ode S Cl‘-"-t"‘lhl] (o= E'\lh A

C‘LS C ‘ kRa < k,_L_—~ .

bo _Cl and (‘t cain C”}'ec{- + eyvwyS.




- o - -
----ﬂ-—'-
I
--.—----
- o e - .-

C$4Cn &)  <C$§ <oda o Ci_ovey G

I
space X € Ci X+ = 7= & 1X4Y)

Ter =280 S D keke] Guortum cde

C s

ew)y L. — .
ﬁll)‘+y ~~S de 2 E_)Q(-I-Y)

’L add an (l"q
E)“*-V)*et

A

IX+Y+ed | x+Y+e d

\l«ih«\?bm Hion omcxllen, Hi(XHY+ €)= H,er ,evvor SYndvon

JTE:i JEC H&HJ el,’“')’f‘€:> IHleb

\lCGWeC¥ Q) hWeang aho' discaved ancilla

S ————
A = t__)b(-l-w QL

R < il 72 < LA L. D
k|, apply Hadamavd gates H®N

hode H:‘. -~ :-.'I
(

| — I N SR D
ST VKLY (et ) ¥

c‘lel?_"‘ % %Cl ( ) ’ 12> B

\L €= Z'+ €,

| e p— .32

" =1 - — — —
V.- 2= 0
" , g~ \l
\ | 218 i l 2 .
142461 94-6 f—)y‘i: 'Zx-_-(") G:_X:‘ O

—2h Zlﬁ gl
L

L o= Ix+yD
Al &Ca
. | © O o
q: {eale Co clicsical ~ 10100 H=
O 0 o0 |
S (L. .Y -
- l
' 0 | ;
| D
C':‘Ct_tj L‘-.?J '&:-' C C_"L - 7 [ -fu" —

= C'L:- _L--I;Ll-.q-_]__ 'E_":_l_




--------—l----.l---

) $mbilizey codo

D) <tablza¥ Jorm gy + %

‘-u DU AN :: '
ad bty ovators (D, (D2, e s Iﬂj)l‘ U’:N’Z‘-‘ (Dz|w>:“
//_,MM abi R

L Stae W= & ('°°>+ 11>) X ST Y

..l.

’.- LR{S > L0 \YE({ Yu ¢

n_oOf 4N Y’ a1
multapliaxtive Facte i'!-ﬁ:fj_____d-——
& of elmends WXxphs 4+ -
(] —ToOY - Gln Vg U Ty y» DA (L {:r'tk o0l U 5 —
S gYoup S s dhe abilizy o
- <gl Dyt & ) Iehr Ve Yo v O 3-3 w/ 9= 1,2, L - —

andzpendent , the huwmbey L camot be Swmalley

- WS © A+ 35 stablized by gl g o4 S
_ eg: W= L_S__?_I_‘J_Q > @\ is spaned by {l00% 1od]

- {=11, 2, 3, U d = <) & Vg s Spanked by 2100)3 ]

h=3 5‘:_5, T, Uy Tz, 2 Zy el by 21009, |1l

B Q < Zix Tl

’ A & A S .#J.. oo

@

d) Vet ¢ v -1 d s (RE-TEC D IP=-TIV==I¥> D 1P=o)
o +1 (Paulz) 4 Ei(Panli)]™= -I)
b all, -8d¢ [1£9,-86¢,D=-8IB=IV 3 W=zo)
o elepq, g N M (A2 AL MIN € { and anti © mm it

V2= MNIY) = = VA= <) D (W) =o

e LX1 R KK n ATl . ' co.ch YOW > V LD UK
@) - vectoyr

yulb 3> Yo0)

oo |10 Ol

— N X Yr no-le H hog ho infomation abo #tn.m e DAt Ve




-----
- -
--—-----ﬁ—--—------‘--

Date
- © Lnxn
( _ ‘“ “COl 9 &) Y(g) A v(3g)T = o Nznrah = ( i 0 I

™ ‘
YW‘VQCF»V <ol Uiy,

e oty Wwmeevechy

fop:  inde Y(3) * V(3')= Y(gg!
y | .
=7 21 Y(82)= 0 With Gy 4o oy sone 7
L = 7
<:) AL R node. = I ¢ S, +1(Paul?) € ¢

® 35= 8= fl; 33"
I | R

(h) fex GC€TL], Thi€bn 4, hiShi=-9:, h:3.

pmf: we Want « <ol

p& e y ~ goluti'on T )
_ @D ,.;,:' DAY GIYINOHE =D1 pem— ——

_ -_QMM__MSL(M)_T B

DY) A Yhy)T = | O _@_35_)"; ==~%
. v(8i) A Yh;)T =0 4¥5 h; il =8 1%7

. ' {8 v, 8,k (L=h-R), V¢ s a 2h-vnm°-l«15’to eChy {pa( ¢

2" k
—Zn-kR = L

PAY
o
<
\

A inst 0

) PLO."-;O) spad, ) &hOl(P}( ‘ﬂcﬂ-) ‘\J‘NQ 4{& S Q& s “: o

nole T= = P Aol dmension

D  dimensiopn o '.VS =



- - -
- - - -
--—l---—--"—"--'---
- -

(7) cenvalizay of S an Gn: R(s)= {E € Gn| EL= SE fovall 5 €.

/ﬂMﬂ—lileY_ﬁSin Gu: N(S): Eéén E3E+€-§ oYa”365

X(s) = N(s) I
R e —
voof: 1 £ E€R), ES=3F 2 ESE*=4¢ S 2 E EMGs

16 E&N(S), EBEYCS, as EZE*= 8 ov -3 and -3
D EQEY=8 3 EZ=8E = () I

7/ - | |
W 1 £ E € Ga\NY) WIEIV) =< VIE SIVD) V3e ¢ _
- - <USEIY) -
2Yyovs - .-— 4\,/' E‘P)_ _ - o

S LUEIW=0, debtable and ;oYYed&éa@_
 2£€EE VB\S  wnot coviectabls
(Uconectable evioys: (Es3 ELER ¢ N/ Sfovall 5k o

B n-R
l T =
: Qh-h - .l_ (I + 3-;) =~ AAY. . , XI“‘Xk>L L x"“xu \

) : Yoy e <te oo CoAR SPAR
2 E“L‘.Eég PETEP:P
6 B BR & Gn€ GnoN(S)  EPER aiticommide With at bast ons of t

—_—— Ze R YA TOY ay 4

et ____,__________ﬂEEEhP:PE*E P=-P3EtErP

—

—— _ - —_P_EL___
=) PE;EEP: O




— -

- -
- - -
--------—---‘-_--‘

E; 8:E5=Pr9:
e evYvy ndYDtm ”5 2

zey code C(S) coule

CoYye cC

T
—
—

# of

€ Gr

A AT

: 'y

A ¢ ML 1A - h ,flf CCS) - MMMMM '_:_( O 2{C Melstrs (O1 1
_’,L“l_h&ﬂnﬁl:ﬁudg_gowéﬁ t+ and less evvors wl d 2 2t + | -
Yee, dIAL bxt Hip code 3= 2123 [ AR covve clablo enys
E3l’] += | 2133 . E=¥X|
| (0= E =X
| &= ili‘t?? 2 :D‘D'o: -
- > I -
b lea.x VD Eax= X3
(9) thvee tt pha{a_ﬂ*m@ zz_hh__bgi_@_[_ cade  covkecluble eyro¥s
C3.1] 4= oz X3 E= 2
< [0L>= |+++) ‘
— = Xia% m———EEiL X
X =22 E> = ¥3
__nm_chMLSAQL daa__SJ“_Yuil____@z_f«_ stale  coWrectatle ennic
EQl '] = ' 37. 1123 ,01-)- lPPP) | K't 4=\, g
Q3= Zuls .3
= | MM > G (=08
. B4=FeH ﬂi_'__m_.________
Is= €322 IP)= ﬁ(w@ﬂnb) Xadq A=len®
=g — == —ppres I
@ = VX X2¥y¥sx(¢
33- XuX XX ¥Xe Xq
i FIEN ?.0‘-1%'163‘:7.3 tq
"L (AL oY/ 4% | 3'= xl 2 i vgelal Simie C)’ 2t
Csv1y =1 313 Xy Ay X$ 9=~ loososy - N
3=X1 X3 L
N P TSRS (L B P SRy

1z 2B A A=l &

—




.S Cir (2 C1 C G R < Ry h hr-h‘;_
Cwnk) Ch ke Lhe ke ]

W
aaat “ N
chack

(2) (i H(CiL)Tz H(G) §6(R) = 0 (OIS G C ¢

- (1) yow

B e ALK { H _AYe Anhdx ];L‘ A =) LR)S

> Y(9a) /\Y(ga)r oY all 13= 1y v-Ri+k,

O Rhevators commude e —
@  3V)= V> foy code IV -
E G x4 G S i e XY

/ Y 1=\, s g- (RVQ ~ O’HC‘\(S' . XI (hoﬁ[—& 10 © X)_

| | — '
X4 Q) = T oz YY) Yi = oke of vows of HC(G)
= ok of celumns of &Q)

-

"‘OV 5:hd'l:‘“: h'h'{'hl _9_-; aYe'ondud'f of Zfs (nede ol G)E)

Iilxbld= == = E)F Y 0y 25z o of Yows of H(G)
- lar Yea Tl M) e vetred

= o= Z IX4Y) D X4y €
D Z-(X+Y) = o
= (X4 &) | —— —

i Pad, O HEL, Xeloop , B P =

epntvoy = Uneviary = ANTOYMATAD ¥ H %) = — ‘:";/PX ‘05 /P&’

W/ 0 1oz 0 — 'i: IPIOB/P = 0

es. a Jutr con Xz {3, 3 H(K) = log2

\ | 7
o daiv dce X={t. T, =TTl Hixl=lbsh
whitve qustification: H(X) = 5 Pr IR - wh ijoymetion function T6p), #¢[0,)
& .

L(P4)= L(P)+ L)




- -
--ﬂ--_---ﬂ-----_ --------

| = I'(?f{) U= T'P) = T'(P1) + IZ"(P4) P9 = o

S 1?)= klogP S H(R)I= k = Ao log e

.

pANAYE entoy =5% -9 ¢ e w=loel a =J1;
(P)= - p log ¥~ (l-p) o |—’P2_ : " P

uld ( K | bﬁCh‘
Px

_,

Q. <)

Y
L mveyvaeen (L

|qy) = = ’leoj"“‘ w/ bloio-.:o,-/Ploioz-l-m A& PO

Hicoyem : H(PllTx) > 0 w

#

¥
7

M B =

Rl'l.‘ WY X

v _XY0 W/ equakidy AH X=

- -:;:(Pil-q-!) '::"'.__o__
(4) Aoxut entvopy H(Y.Y) = = 35, POUY) lg P(XY) ot probabilaty P& Y)

___(_glgﬂdii(—!h—w' M'Mﬁﬂar’yb CONZ um o4 (. WL NG
_ HKXIY) = HOGY) - HGY) © ' -

(6) mutual 1nformation H(X:=Y)= HOX)+ HIY)~ H(x,Y)
S Hx) - H(XIY) —— Veun di&gmm _
" = H(Y) - H(vix) ... 3
(1) propey He _ _ @M NS—
S
D H,YY) =H(OLYX H(X:Y)= H(Y:X) obvadug H (X,Y) |

@ HXIY) 2 0 uwath egualrty 2+ X= +(Y)
pvogf - P, Y) = P(x1y) P(Y) Q/ ceng’f’t#‘ma e Px|Yy)

5 HiX.Y) = — =, PUY) log [PIXIYI PN

= - =, POy g PxIY) - 2 PO lg PLY)
= H(Y) - ;i:' P(x 1y log P(xIY)

m =

S HIXIY) = H(XY) =Hy) = = 3, Peeyilg v 2 o

wl equaltiy Flxly) = o ov | fov all ¥y, 2.e. X=£(Y)
@ K € HIXY) wi equalipy A Y=1X) (eguivaknt £o @




wnderudent

@ subadditivity HKY) € HOX)+HIY) with eqy XY e

H(X. YY)~ HIX)= H(Y) = 2=, Peny) log /PE“”/PW ¢ = /p(x,y,(ﬂ%g{%’.., )= o

/

ity )X Y) = P POY) “ovall X, 1.6. X.Yare tndeRHAeu

® H[XT-Y’)/O W/ eqia
% <! ) 0) = —~ 4v(Plogp

w( eg

{. [9- + ¢ ‘r,

i. 'YCU'Q 'fr_!n_‘

9) ontvopy  S(Plls) s v logP) - +r(Plogs) =Py - (P lg6)

_ Klan's Xmegualdty: S(Ps) 2 0 w) equality A4 P=¢
: W 6vthonotmg] basts (1D

s= % Gl 2 ovthonovwa bastg 17>
Ly gs) = 3= <alPlogSIi) = F Pr Piy log 4,

w/ P«i' : GkINGla) o< P& e P«'i'i = = P——‘i;’ = | Y
D _____p______,/\ —
0 s-ka“ctlg CohCave [Y] ‘ &; - Fizlog 45 £ ’?S(f'a" f ‘id _
- — equelity 1f; Pij=oov il

>/ - Pi |03 -fi. w/ eq,uaxl'H—y_'t_«{-/- %5 =_?_?Yl

_ Q} $S(PY2 0  obyioug —

e DY ‘d't <V ll-:. H‘El JU (K '{M’f: [og C’l On O P: i‘ e ——
vood: S(PIF) = =S(p)+ lgd20 D S(P) < logo| W/ eguahity Aff P=

¢dow AB In puve state $(Pal=S(Fe
V2 = Z= Az l2ad 118D

)YOOT : {c M2 ¢ AR Conn o sXH (0

S Paz % 3% [2ad<Aal , P = T A% 11> <Al
9 S(Pl=$(Pe)= = T Xilbg M



------
-------—---ﬂ---ﬂ-ﬂ‘--ﬂ

®. Ybbﬂb‘ih JP'i .Y+ DP‘ S fafes _z ‘SL: Pi P,,_) - H(/ﬂ;)-l- ?/P'tg[&)

=2 A\ |04 S F Fabs = = RAi7 Ji7>C47

2 S| %Fﬂﬁn) T - > Pi NG 'qg('?&)\&.;)

_—______-______.__——"—'—_

- i{'*&lﬁ’g?g - = /-P,i_ 5;_' Aa5 log N

“_—

= HR)+ %P SR .
@ ,{( ‘%’- P Pa QHX“) = H(/P“,‘f' ?/P“ f”?'., (05\}20»\5 -fYom @)

-

(AIB) = S(A\B)~ £(R) ne

-
-

OL 2 (L DOST T

E -

: o>

l) CONOY l' A

(|?. VIAT A ¢ ! "l O [A:B):gfn,:t 5(32"S(AIB)
(R) DYDie 2 WRASUYS MR ncrease< entyor _

ngf: p> p'= X PiPP: ZFPiz=I  PiP;= da;Ps *
 tvlplesp) = tv (S PPlogp) = tr (E PiPlosP Pi)= t(F Pe PP: logp') = 6P'losP)
D 0<S(pPlis) = —4§(P)- +v(Plogp!) =-3iP)- H{P'los ') =-SP)+S(P') - _
S (P> Stp) W egualrdy {4 P'= P R ——
(%) sub addzds S(A,B) L SAIY SIB) w/ emequality PA=Pa®Fr _
pwf: P=Ffas  s=Pa@F -
 —tv(Plgs) = = tv[Pas log (Pa @ PB)] o

= — tv[Pas (losPa @ T + esh]
- "EY(PA ,03_@_) = +LEB '°.5PB)

= S(A)+ S(P) I I
0< s(ens) = —5(p) -jré’!qfs) =—$(AiB) + §(A) + £(B)

SIAWR) > [s(a)-s(B)]
subaddeivity  S(RIE S(A)Y € (R, A

> SIAB +S(A) 2, S(B
\w/ Q‘i‘nn ity

] S S(AR 2 <(B)-C(A) 1 2




- ae @ @ @ @ = &8 8%

5 Paz T Pifs 7SN = S(F Hf) -
Py = = Aliv<al S(B) = H(Pi)

) c(=AP) < NP+ T ALE)

o fleal onse Fa = l\k&(‘k ) SCANR

' -

: () V) ave not » o#kngmﬂﬂ]

/__LM_LAB)_-_i P2 WY 11> (14> ovthonormal ) -

/__:Q_M_’Pi"}@“’il _
PB.‘: ,-;_i‘:, o PaPu) <4’i'l \}’1) la><a!

"@ S-A?-"- §( ?/Pi‘\h)<4'-i') P gg

e = —_————— . = T —

________—-—_—__ ——

- PY_ﬁ?fC‘h‘Ve Weasuyre ment [:_”5 = ?FI_EB Pz (W/ P: = l'?>(~il_)__
- = TaI]
- QMYIOPV nCrenses - g =6(Pr)=HP)
<B< G S (TR € HP) W/ equality 14 VD ovHogonal
2 A case .= = A\ 119$3] -

S -?::/F.,_ P:,‘_ - ;':-;—:- P{ Kﬁ-j [’1'}-)6{‘?‘
5 S(ERB) € -5 AN log (Pidas)

= H(R)+ L/P S(F)

4‘——————————%& ’l_fH'_’Q"l DY‘H\Q o

$tron > od AL San+$B € SActse, ‘

. SAiB<+£B 5A1+§3C

. no Bonspayent bYoot s Rnown, Zee dotmils AN Hhe book

'CG\.DS CD" "’IO na YeIAce = Py S( 'B<’<§A

- DYvo f & <(A:B,¢)-S(B.C) £5(A/B) -4 (B
S < B.C)+<S(B) € S(A . _B)+ f(B_.c

F
*

CAR+ SRR & SA+SR
: - ) .:" S+ :

D YO




--------------------

_ M(_'YO :B _ﬂA-B;CJ

. © SA)+S(B)- S(AB) € §(A)+5(B.C)~S(ABC
@ S(ABC)+ S(B) £ S(A.B) +5(B.C _

2 A4S cay dang YQC’,MOQ_ m

e‘.r. ER ¥ ’ N IATUL I 1T0Y ML
S(A:B') & S(A:B A < 2(AJE
B¢ SR (aje) ST (ale

Ii ""

¥

{Yme_- YQSQV 1t AUanIUN v]) l'l (

e —
DYPOT: Z an B © Unifavy ompyation on B

y -
wﬂ*\ Oapc = Pap @ 0] . B _:)

- S(A:B.¢) = S(A:B.C)
¢ wa
S(A .E)& P\’pduc_t‘ V/ B) Gl'ls Ca\.\rt?"-'thj -

T. Quﬂh‘l"u DY WA 0 - HQLQV PO N . B - —

(1) HQLQVD bgund Q HDLQVb 21/1'{‘0““::\{'7(0"4 Ho 10. Y a htit -

Ak prpaves guutum stades PorviPn w) probabtPites Y= { o ’PnL |
| ant?l Seﬁd.f At o Bob Bob JRr]t _mMRaSUY et (Ej, 1 D/ , i W’l"“\_

C out ome Y. wudual tnformation HX:Y) € S(FAh)- FTRA)I =X

proofr - Al ———————S5Bob LA
¥ Q M . O $X £ H(/Px)
DYe Pa Yo 1 IF‘;. / MO RS ,. .

)( DY‘H\QSOH—,\!

SYsiem Sysem deVi e Py =P

rndial state PPam = = Priv<x| @ Px @ [0Xo]
o Pp= = Pelocx| Pa= =P FPu=loddo]|

P g

U =

3¢ X X X

>alAn! PDV <X Y YY) O G’G |

z

2ob

X AN

¢(c® [o><o )= EJEVGJE ® |Y)<Y,

~ measuve ment On am w/ } r@@wi MYNO-“-’Y*Y'M«! m+;>

D <(p:q) = $(P: QM) as Pram = FrPa @ fm
S(P-Qm > S(P: @'M'

\‘__S_(Iﬁh\') ) S(P:M) o dscavding vedu®s A

l..l YQ A LXK AANL W07 i1 |V

‘J Rl

ol




LHS - P.PM'Q' = -‘_: P IX)FX' QJL?Y Px rrEy ® |y><Y|

S PP = ov Pay Do ®Yi<y| w/ Py = P ty (dEy A E/ ) = Px fY(PXEY
= P Prix [ebittiona|_probabikity

S Pp= T Pxldax | P TRIVY|
S S(Prm!) < H(X:
RHS S(PY= H(P)  S(A)= S(FPPx) S(P.a)= HR)+ T S(A)
S S(P: Q)= S FPF,)- =P = %

N YR (L DH’ﬂ‘“O O%Ff A Wt Qd

au{aittiam O

| puve _stade  [¥I= S l0> 4 f o
A ctale %)= (V) © 1%, . -
o W= (HeleI) (UBI)IV) s rba

AR Manculoc Pz |oNdo]®T  pui= CUIBoINY  I%D= w
Bi= lohollOT Pz <hilPul¥d  Mad= =, D)= RlK) = DoY)
Fo= ool ® T Pio= <Vi| Rsl¥ | W)= : = D)= ZlW :llo)g__p)
Pu=llixulox  Fu= <l lm:@ = = 2D =1l

(AP A, L':-I-:
1+ x-1)
/= T \Y+HY |-%




-----
-#———n—--------------

AN 'H ﬁl P P @ lpob‘( Pwl

a
Tas.

3 A= (HeIxI) u@I)E,(u@I)(HMu) Boba cd<

sacutes Pz [0X0d®T o = w(f P)  pas PooP. o
 Py=hiXal®L A= tr(P R

Po= Xl ®T  po=tr(PPo) Pz " 3 R=3AI- uo><tol®P
Pus X ® T Fu=t(AR) Pr= D B=xlxy=(uXxul® P

(4) entangle et tviansle

Chayle, - -

—-____.._————_"- -

Al Q{Big ]%): l@oo) & 'Boo»
S W)= (ToHe I eI)(IeyeI) V%)

_ "I IO
oo ¥

 Ake s Poo= I&looX{oo|®L Poo= ool 1ed= Pd:&- 2 =M= (Iowert{1op b)

- " Po= I®|o)| oL Q.-g\kl Pord ¥V 1= PE—";\P ,D = =) M.)-gj_ﬂo@i-llolb)
Puol¥)

Ro=TI@lwXel®L #,= hIRIW)  (4>= Pd .l,, P Ik y=s (oo

Pua L)
Bi= Toluxn| 0L A=<tlRN) 19= T Dbuw=s(losHin)

<ovey)




	01
	02
	03
	04
	05
	06
	07
	08
	09
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41

