Title: Quantum Information - Review (PHY S 635) - Lecture 3
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Abstract: <span><div id="Cleaner">Week 1. Basic topics (Qubits, quantum gates, quantum circuits, density matrices, quantum operations, entropy,
entanglement)<br><div id="Cleaner"><div id="Cleaner">Week 2: Algorithms and complexity (Languages, complexity classes, oracles, RSA,
Deutsch-Jozsa algorithm, Shor's algorithm, Grover's agorithm)<br><div id="Cleaner"><div id="Cleaner">Week 3: Information theory and
implementations (Overview of implementations, quantum error correction, quantum cryptography, quantum information theory)</span>

Pirsa: 10010086 Page 1/59









Puce ke - vl REREAN S vl ok .
M\XQ S‘T&'\'e.— r°\=°b"'z+ yete hion oder

fPu.r'c




B . = N — —_

B i
g .; =t A g
‘ " T

e o_'.

(?wr'e_ Stt'\?: - s'\'t'b . & H \Laq:i' Sr‘\c(
“ixed ke - ?f'o\po&pl Yt bbon oo

Pwre fates
Poboo g & st ¥ L~

\NDe ‘l' v’lr,l."} .
._\'.2-:15 Y Ma]c /o 4,




’?m shite - oTais RRRY \lw+ sr«cc

M ke e — PRbaB; Nte bt
?(Pw'c ?c\u u‘m o es

Pob. o, & stke l“ff)
B:ﬁb, ma:}f:h /D




-
e

< TR R

Eﬁﬁg S
Gaui. §E*2-s¢d2'm RPH;HDé*

i i o 1
SOk B
P O et
-~

IRy Py B R g
. i - L J TR o T
. T LT .—v-':" it e e R e, = " -
i g e s e i Ve U, LI [
5 gl AR b M
e

5rAQ¢

V\;\@ T = DRI Ve b oJ
5 ?:Pw? ‘v%dts il =

Pob. o & e ¥

_:-—""-.—_--__ .
r'D % 'D lﬁq LJ‘*{’."\




(P\M’c Sta'i'e - S'\'ﬂdé I dt}\\'\; “ag:" sr‘“‘-c
W \ %ed S'\—o:\_c; — ?ro\so&:;.“‘-?f X,{I",—" ln.i‘nm o e

Pwe 2 s,

Yobh B A state )Y)
}j_ff"i’"{")" "”“j_@ /‘9 :Z ?J’\'P')(/\h/

TO% D Malra

D

| /}(/f&H ﬁf.)"lfﬁ'.{&f on 1,}: 7 \ 3
: ! r‘ ‘

Sy

1 SRS i b s
- -




R S Q}\\-l;hbq:l' Space

W\ \ YD S’To:\_e. - ?r"\’ &5'\-"‘2’ Nt L-i.""’"‘ W
r?w"c td?ﬁ

.'Prob. P 3 ; +&+e "‘ﬁ) ﬂ‘-
Dersly rder o = 37 o O

PD{D Matrx
nt )
\ ﬁ\:ﬁr/
Jrl /r‘/f J”f ‘Cffi;'l(cf__{‘f 2k "’{" 7

}I e
Dty fir pwt STare 1)




f?wr'e. Safe - SR R ﬂ}\\-\;\g(;‘- srmc P'-% hD:h
W\ ) S‘To:\'cz- ?FO\QO&‘HZ X,d‘ﬁkj‘(m Wes 13-;;-

Pure  htes D=5 (941
£ state Y0 !
;,fz Mat i) s a7 @\*KD("%;{

~)

'l'/if\’_-";‘ [ n-df.x
M)
'-'}_ //f y’{l {?("}}(F{h’ o

. T
ZA \' “'.".'Jr !,)"'J"j Tt IFY)

1

a;




T‘) \

('JDL“ /,F

"1 N el +Z

{(k

VA'

[
,/

b'& o

A stade [V

. ><~‘< )

b fl,/,fl" r

' y -"-,.. ‘ }

19() (r”{h’ O ‘*—7
far ,,,ff srate -7

.
- )

FP\A.(?. Stz"('e - iz 'n:}_\-\.-\'“av"' $r°‘~Q<

W\ VKD g)foff' — ("o\pcﬁg‘
i ?(?Wﬂ -?-d‘es.

Acr p = 2 il

l{l—f' Lﬂ'aw\ wWes ? 24

A% K(MI
A 041y




?wz Slate - SRRER ﬂ)\Hi\gV’-" 5[’“‘“ P;-% h’)"lo)
M\‘AQ S‘Jrc:\-a— ?ﬁb\oaﬁ:&‘\,‘ Bnd-nl:d'taﬁ Wes 13-"{'- |
Pwre fates

| i Gl h@:z 6%@
Pk e A 3¢ 1%):20-£,y
ﬁ:”fi+7 Ma X /0 = Z ?H/l)(/\” (O ""ZL_' o)So/

D{D Malr i ,L> ’o)(ohlq)(dfh)(o[
NG v “1041)

Ryl Qf;;(jr il J'?f'l'(’i% {07("’“1%1"7<"

-k .._..,_I'_A 1, b % STaT |"F-l ) - %h)(of t f‘;‘m(‘)













.13 |®(o\+zu. \m\

+J-\o<o\ + 221D |

bl v




—

' . T |r." e . i : i :
e T P A o= ]
A * s A » L2 A i

=1 |56 |- sk 1%
' o) + 22|51 |

g dlag Ll \ 2
| oo\ | 57 \, :
|

?ff-ficr’*' o5 f daity malti

=5 H‘?_s ,r(—dlf.t r






















Pirsa: 10010086




Pirsa: 10010086




Pirsa: 10010086

-




Ca f 1.0

Pirsa: 10010086




{\r\y Jc.-xsf)(y mmj\-f;-x ca n

D Gf \oe U Q ed

. T.‘f_ﬁ_'.r' 1". ’fr*x ol Hﬂ

¥ ',)!.J“?«}fy Ma =
g APTE

qt D H 2 fa.})\ o I ) .-5 |f{) & Hﬂ(’f H‘; > +(I5 /?

el [(22) = 1 o

Py ‘,_:z&.\-) .'\S'

\

Page 28/59




{\“7 Jmsf{y r"’ldj-r'"" c’n
")?{ 1‘?1,(@\2’3
r ’H'ﬂ

-Auﬁ.l}y Ma £

i1t WX =P







{\ny Jmsﬂly maj‘f'.-x <’
},), ?wﬁ@‘a}

' rix of H

H,®H i e
A 2, f{\ 4 (ﬂ | /H H g-f
W(‘“ .";“u-;,',_f“f}) = (ﬂ f | > 5
S N
ol B -2 A |
o = e D)
( 7 Z@L i




(\l\y Jc,xsﬁf)(y maj_f'.-x can

—




{\f\y e_jcj,‘;-:,jiy rv’l.x_‘t‘f"- X

Ul ed




\ N |
T g
},}f of f\

‘\ |\7 L)C,Hiy m‘;.j-l"- X can
()u"?*l}_f ma‘]‘nx ol ﬂ =
l,-._)() . HB@ H;; "j-f +‘,§ }l\()ﬂl} /9 _

Page 34/59



R\f\ eas L&f&ﬂe—ﬁ'ﬂ '

\—\U' M J('lq,f\ b?(fﬂ*bf ]q :
SR ~ "l‘r((aﬁ) ??




-t

W\ eas ufeme:?\“s

¢ x ._‘ . -;- l_
T A

\“\u’rﬁ ‘\‘tqr“\ bf’(d&’ ‘q b -k

SR ~ '\‘r((apr) ?'?'h'(\‘h("ﬁ %‘
"z‘o AR




\V\E”Q'Swfemm-'\"i'

HU’F\ Jﬂan Q?C-fnf?w ﬂ | o X :'---
TR ~ ‘\‘r((apf) f?‘*r(\'\h@
"2‘0 S b
ect Ve ﬂﬁﬁSrfmm‘!‘ _[_ 11 ,f
| /;T> (3 r\;f@-b O.P )
e Al

/ ¥




e

L

M eqsufem e.A"\"S
H‘f‘“ "" =7a) h?cﬁ‘%r A b .

YIS TS ??Jrr(\*hw R
ir? Sl

’ ‘*'PM}'V‘—” ’”’ﬂSth'mm’l‘ _[_ 1@

/~T> |5 pr‘gb °_P : :

e d J
(f\'i' ?D\j[ﬂ

"-'..,_'_
-—l : '--'
d‘t

.ﬂ

{ 'If-';."’d’. ’ | fyl )A /[
/



oy

Measwmej‘m e N
tf’r“-‘\‘ @n b?dﬂkﬁf ﬂ | ,--- f

SHAND ~ Fefe)s ?'?’rr(\ Serlh
Eo <\P1AW)

t. Ve ﬂeﬁSJMm‘l‘ _L e
_.Tl/ (/"‘T> (4 rl?/gb a_p

,.J\.- J}{n/ _‘T
-
' (M<LA )J_Ar(.f* (ﬁ"i/ PD\/M

4%

p NG




'-1.1"-

Measwemeﬁ‘s : ‘L .
Hﬂf(“\ '\‘lqn Q,Fc_g{kﬁ( ﬂ ‘h

YA ~ "l‘r({ap,) ‘2'?—\(-(\ 7("{'
"2'0 S

li..':".-,i;f”‘i..\ft-’-" sﬂéﬂSufmm+ ) _L'T-P
'Tlf" (/ﬂ) 14 q)(’ﬂb, O'P

}__&’-'ld (e __[r
2N
' (VLA ;U.((I"'(ﬁ‘i' ‘)J\/ F/'

' o
= | f.f :



'!&"—et . '
e S e ot o
& it il

"

M eas ugemedls;
m 3 hm aefﬁ\'w A

T = ll-“
"z'(v <\P MW >

e ',U,- ](J&)fr(fﬂl"j\-“ ”) _["TF
( HT/ | f.'.;;fr:j;, a‘p

|
/."- oMe ”

":ar'/i"("'—i r.\):)\/ ll/?




M e€qs ufem &h‘fﬂ '
\‘\ €™M Jﬁ.c:u"\ b?fﬁj\'ﬁbf \q : ;:_:. 4 ___ |
YN ~ Te(eh)=S5 ‘rr(\%@ ) )4
EP SIS,

et Ve measilenent iRl I NERIE
- ”\l _ :




'3 '?? '-'\( (WO("HA) i3
£ :E(\’: ARy )

o ﬂ!-r) JIE 1117




?P, <"{’} 'Am’ )

J |5
. | 2 -
i e --1 -
S n% Ry

)= ?’? e (W DIG? m ﬁpb\}h

5 C-lf'au.

U=

=Ny

3 \!
. 3 ;
- .l

-_—?_ "\Dfa)-fd ch

r\eaml'aﬁm'{‘




. »_:_ - 0 ..;' ,1 bk :1 ‘L
- 'é'? ‘\rQ\"’O("P\A) ?orh,
S ALAD = _:f‘au . | —

'HN’J*‘ ,m?Ja“'ﬂ"’" gc.i



















& \r\a:" 7 ‘H(g slwgulé 24
d‘\ \i-m Al ﬁ;u;f\'liﬂ o datioy have /"

3
0, 1
| el aresee Aaca -ﬂ
v l.’\')

[ 7

J
L/







F
i Yf\u+ary “d';a.b on f’)
;\\J\’\aﬂ' f'/)rl;{’:H(S 5)1,,{,,![)_ a :
@ 5 Mastt be fasﬂ}w/\,n@r M2 D

|
5N e ’t’ﬁ C-€
Farl ] L,

') Must ¢
i U\u\",lf "u",ﬁ{""w;“w{lf ;'('

(&

| ’J (=) ;L,/}#/’ A




~25(p) have
){ﬂ(ﬁtj fuan‘\‘lun o|’>(fa: lopn S ()l f>

o 5 Mus'l' 1;;: r/ii 'Iw’e 1;‘&/#( rﬂA:}
rpse\e ’k (. C-£€
| (/ I 1\.."r A'S‘l' f"‘/(}’
/ |
'/ | 'h % 714 ,f})ill"l/h "?"’(
5) (=) 187 1 poN

f_._\_

\wm m?ms e \ -

‘Lw I‘-
e, Y




s e A
\\\wr oropetiee should, w8 o

o =25(p) have
WL
M Wb e, Tt

b ocesetle NBCE
(/ ) 1“"\1’1) T
L

alv: *fﬂu\’ff 7 ’.‘;"”f\* 7/ by

1.
i




v ’S(r %f.:_w M
”—W\M-J A\

| AT
"E?LE_L\\\J»\ 'Ef

‘51) 6 o r ("“f'_l_\' |
I S l l
]5) r:-;(ﬁb : }_ f,

‘ } ] y -
(A | “
.( SJ’I{J
S
Lr

& p=25(p) have
ogiltipn S W
NN OF

' | near M
f)&j;.'fve'/ '




-
* O
- 1
s I

v\, _, T\\f -Qm\\;}.lh \Q

é"iu{.v.\ |6«T

4 -;' : —6;.> T CP Y
:____ \)PU‘* | > > i ; K i
Ur\'.‘\‘ary 0«6";«5 on f’ | L’) 5((‘9>: ﬁi{'\;._,':]i
\"\a.)r ‘?KP?{:"HfS S)wule) 4 3 ey

g k.
5.01(/«J fuﬁn‘hu" OI;J..FM S f y N |
@ 5 Mu.5+ l’)f /{705! flfé'/\.f"fﬂf’ f (;) / -

(?\; i"'\*A’f:Jr 7 R -
\ }/ (& 1 \1“"", 'f s
l\ U{'}B\- 914 /ﬁ"' "lrf |

LIV A

i/) A‘\;':) 1:9{1/ 7
AN

cesee A(ace (




F s
' -- \\\f —‘J‘_C:\\(j,, v\Q

SquNs lent

R APTer <houldy Bl | -
:16/«,] ‘?f“ilfh“ﬂ Ol?d&ﬁpr\ 6{‘9'—‘95{(‘9 hate

D 5 MLA$+ }){ ’FJ'S'»'.'NC/\‘;V;( (M[')

' ryseNe 'kf,z_;u”!"
p {J\M% % \ e



.e( .”\'r .L’ _
hx\t‘f‘ T\\r -Qc,\\w.”l

—

2quVa leat

¢Q>‘%> I CT Y\

=ty =
H\"S S%DMIA « ‘ - :’_f. ll'} 4 IH, 1
Laj;-l ﬁz‘:—;ﬂfhirm OF (f&ﬁpﬁ s {p|""95({‘> haVe k

. _ - g |
D 5 Mus'{' };g 'F&SL"W’C/\‘N;( Ma ('_",/) S cqn ©
;"L ' “' ff (’(5,/"!( /\— A |

(p.C€
) ) Viwg

/ i ,ll 791 ( ( - |
t e {'f‘”f\* ff \{ | |

_ \mmﬁ / N
fJ 2 187 % 1

2 /V \’I\'g\/ -




