Title: IQC - Quantum Error Correction - Lecture 6
Date: Feb 08, 2018 02:00 PM

URL: http://pirsa.org/18020010

Abstract:

Pirsa: 18020010 Page 1/31



18020010 Page 2/31




MO\jig _d"af\e '\({ ‘?C\\I(Qﬂ




{\; NSRS f(\Qr\ — ' : ~ : |
e ]—i’\m# Cn ?)S )<”/S/ S
Lawersal o SF -@,ﬁes
fc e

_ /!
}27:’ X ?’n/ = 7<'T/Lf X
Rﬁ/ 2(—%’




: - R
clifed CLfGA

(ar aeasucFrsis
éhor mgg\éu((,m(({\‘,




MO\S\tQ _S-k\ofre aﬁsﬂ:\\\@fhgf\:

)Q*CEU\E.'}‘ Cogle —  |S-1i Hammlij SVE
Qf?mﬁ‘vxﬁzaﬂ Reel- Muller Code. (CSS)

Laﬁ"c—ﬂ-) )B> ‘\_g SU\(T@?OS\P‘HDA c{‘\
b 5,7“’\55 S k}c‘gH‘ O mod ¥
C,Oj'cﬁl /_f> 5 Su_fnffos}‘kof‘ GC )071 SJ(”/\:‘)S
\,J/ we@” 7 Mo ¥
Q@IS JB>

Tie
%




irsa: 18020010

MG\ﬁQ st et Nahign

)g“?u)3+ Code — |S-L- Hacmf“r/\ﬁ Codhe

Q,r?mr:\‘ufcoﬁ Reed Muller code (CSS)

Qoy"&) )6> s Su(f@?m\'ﬁm of

el §+f"ﬂ\j$ > HCQ!\",' O mod ¥ :
Loﬁlml D) SM_)P—Cf/}?o'S‘,‘I"\or‘ & )al.'} sfn’\as
v/ W‘?"PH 7 wed ¥

Page 7/31




MQ5\Q _S-K\C:\V‘? ﬁﬁl\sﬁ:t\\@:}ﬁqf\:
)gﬂ?"‘g'_} Coplz = IS=i%)

AMming  Cofe

Cpundared Reed Mallr cofe (@se)

Laﬁ‘n Ca.,) ) B> "= Su(f@?os\“HDf\ st

L} 5’}‘("]/\55 oF uc'g}rf O mod & ‘
{,oﬁtm] /_i> B su_]o-cf‘fosl'llwr‘ & L:7l Sfﬂkjs
N weljw 7 wod Y.

I "/(6
-])5% @& |7)
oy 1] 7

irsa: 18020010 Page 8/31




3&.’?‘?0_&8 we Can Ao C,\ T\'\u\\p\y) MQ\CE

—> P ’E-lrh

—) € ar

wf'clia.]a}/

]Oo>+ "') At

> Con = creale
ates) = o( ]7?’)

b (2 bk Bl 550 O(F/

Db (9 bl [ 9T

/\(@5\16"5’ 4

> (orte

Pirsa: 18020010

|S- Tu—b+ Codle /
S C.’ za_J_,;
(K[ib (’DD}Jf ”)> o et Rz S e err

2 Ry, =7 # eras = Fa,u)‘b’ geles

(I®RW/> ( o) +IID> ancel "‘“‘L’]/

\JHI :?r'oJD

J.@?-B)( i)

/{ cJ m-\..« 1C <+r“]Lc
Lo 15-gubit cake

< "I’
¢l @Xeaol’ca 9’61 f’iuﬁ}c ;fa}e emr W/

Page 9/31




SWP?O_W el i S E fﬁ'\lm\a\y) Malce (I@EW/D(IDQ-»]I@ umrc'!s:lg]y
e Do ’lzﬂ'h wrcl;als}/

— Crede |02+ T O [ u—bl—}. Code
au H sfuja P

s warel
m) (}00)7‘ Jr)) but wa" R",r’ér &£ el
e 5:&,5) = O(T’L) (J.&’D?r) ( +| u))

Lﬂ\
O{r/ /;ij mes 1< dch

fte (e ({ﬂb} Code

&

= # eracs =T leﬁr gales
(’(’,‘I P"ﬂﬂ(. ’hz}f €xcfrr / Jvfbb O(i’

Pirsa: 18020010 Page 10/31




S.LA.'P-?O_‘){, we Can Ao C,\ ft\lm\;\y) Ma\oz (I®EW>(]DQ+I|D> U\ﬂf‘cfl,':clo]y

= Do ’lzf.'h w\rgl;a.l,]/

—) € ]Oo>+ '“> % G u_bl+ Code e,
S 2l alle 1 pPro
& cr(ﬂj"g Qo 2 ( )DD)‘?‘ T r)> L'u.r‘ M_H" R‘/X L J ‘-: @,(p(

J Gy ijrs) = O(fb) (J._@?.,)( +| u))
}7(9 bed [ 7L:’) O(F/ w\d

/o9 cJ mas, c,'da‘fc
c I5- Code
Ka’/ =) # eras = Fa,vk)‘b’ g €s Loc | qub-
b géfzeao;ﬂc, ; f’c’,i P"ﬂﬁc ’;} }f ‘ﬁ(czfr / ]mb 0(/)
i L “
L ecode © P

=) 20

,l' g‘(or
i g5

Pirsa: 18020010 Page 11/31







B &

T ke‘:/\) Track & Pl ek
- updete aftes ClHlort grow P 3 <fes
— ([T 5-'_ q{"l‘t’_f mg\ﬁll C 5+ﬂ+f u") (‘(’ﬁ:’f\

Nt

el
k4

Pirsa: 18020010 Page 13/31




ey Q 5@‘\}2 or quJL 3@\0"5{—

[ state ?(‘?GJ;H L )Mpﬁd

Pirsa: 18020010 Page 14/31




BG% 'Af\ G/(%C .EJ( Al 00T 1““—‘-‘+

O s

(‘\ Z’CEM.L_}' if'e jﬂ&?ﬁcﬂ’r S C,orfe’ci ',F

NG - el

Cel-

4 (BC'@_C+ L‘Q

12

Pirsa: 18020010 .




Pirsa: 18020010 Page 16/31




—

) \'\{“.I A 50399 exﬁaec s Caﬂ'fﬁ\

rP(“D O{:‘ 5+5 +s <+

%@O@D ==

Py 2} e= U@DS @H_’Qﬂ_&%
- @0 - o

CO(, ' j,{’ all exkets 1 & ST cicont are jwop B gl L Yhe

;ﬂfﬂ\l Oxr(,tt+

(¥ COOEIOED - (BDRBPD0—D = a00d

Pirsa: 18020010 Page 17/31




ereve S;noﬁr'bme

@Sy ks

Pirsa: 18020010 Page 18/31




Pirsa: 18020010

croe Syndcome

“EOOE =R @E

C/Offr’c”" GD’ ngﬂo&ef ‘-5700(((5}' ‘G)( x’d@ﬁo‘f{f
"TI(UL“C&JF@J ey (ecs }a‘(,)f- 'pma} £c 6’1’43{’

— T4 @f(’;
r }’ %( gg@fé = C,D((rlﬁ* %r ‘\'(mcﬁ(.g .
u((p_(,’ b

Page 19/31




G'V'U\ o Falt T—-ﬁ}w ( SeT 0

OO = DB | et

L & e ) SFedr & o & el 933%
Cokes N easuemal cxBeec T be 5“’9/&"“’

4 2 h'MCﬁd-( Ny >y Rec bfore & bad

g gl sy‘ﬂdszme
ey Rec

EQ-O-CF>- = T 3 Step beck e bee Sp 2
@’_ épﬁ-*-équm( '( 'H’]th Eiﬁf > <

UG v."‘j
‘od/)pad -no}mﬂ.g T]"»-L-\-_;;}. /

2-3 UL.T\';) béjmf\m; ot

C/Om’c’l* L Glé’oné?ef

S ’((( IL L
A4 {\C&Jf’ay ﬁ*@cc” - i
L LS, 2 totcedt Tor 'W‘“\&“\ :

S cotect doc Fecoles

Cod €C shep g, Repest ;

Al
D eufecs A

Pirsa: 18020010 Page 20/31




Pirsa: 18020010

Aggiad Sj(\ﬂ Bme

e CL_?__ o 35

lecder = Cotlect Lo Fdecoles

Cao_f(fc”” E.f
J ey fecs lack e EC c)fef

T’( uuw(alk@
o {6 =7 et £

[,U((ad' xnf

'\'(mcﬁ(‘o epfecs

Guen o Fadt pth (s

’ )DQQ:HQI\D 3

) S’iﬁa\("—. C\‘j— ej‘d d{: C/H"C,'\«"j“Jr p’gl “jr"l
Neasule merl exBees T be 5:»:;?/}),;/‘

2_ —\T'L,L/‘Cﬁjbf W‘/’ c-ygac_ Ib('Lj.in’ - b.ﬂ{’
ey Rec
S‘)L(F }'Q«f‘rk one 4}'71"’1" SJJ"(Q -g’
%ﬁ*’{fﬁ"-r‘( ‘( ‘H"o}: exfecs «e

Lanc *oan)
?y)d]/bad ( 'M,M‘Ply g

= MRS ()'P
o/‘ ?\g,?{a’i’ ) Vm&r) bdjm 5

(_/W(,IM \ “ Vh, ‘\‘_,‘L;pLUJL{D Nligla
LIEN

74 l,{.\fﬂ \
\)‘\l\-‘l\'\

2 ./L /‘(:l‘.”g/ L_-;uLP—";’ {;ﬁ-"‘ l/ ’D"‘_;.

=

: } \2
rC@A By
( \// g 7 mrﬁ lo

i —

I

Page 21/31




= )OC.G.) SJ’_DCL\F@HQ ng'lse mz&_’ "T A,/f'

Da£ " Nn esxc nedel s =
| Hhe fault path @, st
g 199»\5.). T have > )
7 oo 3

B (ssB) <o ¥
a sct o Dothins

%

‘;quf PALC

Pirsa: 18020010 Page 22/31




——

)\/\m_ eNe, co\\a ‘H\B'
() \J\ ek C:h SMF?OS{ W< \’m\‘? an FT C;YCM:T E

\“N\en oded Ca F(AleuJ‘" @ c
J

C
e ?f‘ob P- ik

’f,.mn'oﬂ“u\b

e&?ej'?ches QU ]oca\ S'Tbc}’lasﬁc. Noyse rﬁa;fcj d/

U @ \J\n‘Pl' \oi1S< '\S t‘i’fulva‘o“l‘ '}"5 C w‘wa

s o pfl‘)dc WJ i )

/

?S

Pirsa: 18020010 Page 23/31




| ] nm Yo ) -
_______(\ev\:,\ r'cckucj}w\ Sm??ogf we hate on ET an P "C':
W S 8L & f’C‘_
b

< ?f‘b\g P- YA o)
2 )DC&I _S-f_oc,lmg—hc

%-Mulcfﬁ/\b

eﬁ?@mCes SUN Ioca\j S‘T‘Oc}lasﬁc Novse r"’\c‘);pc;j u/
nOI-S'E '\S -6’?“'1\:'&.'0\‘{‘ ‘l\C) C w\r\‘L}’\
Woise made | JT error (be)adjo‘r/aj ="

/

i (J::)ﬁ’*,

R 19 H ,OCGLHQv 0 "H\f L%KJ% Ei?‘C

Pirsa: 18020010 Page 24/31




l( \E‘\Jc\ f‘(ﬂ\mc:)hm\ Sm??ok W< "\G{Vﬁ’ an CT C‘_:YCMT C,/
MWACN Coded arml\‘!‘ Q Q_

~—m
e ?!“blo f"). ‘T\'\Q‘t C u‘[Jl‘ floI1Se 'lS
a Im:q,l S‘i”aa)m;hc

mb\]d’u\b

eﬁ?tﬂ'cﬂces s |o:a;\ ﬁ‘obha{hq Npyse rﬂa}.:_! \;/

f’fun\fa.lc.«‘{“ -hb C f '+LI
Noiser mode | T error (P‘bbalg'./ryz %

= <+H)‘Fl

ﬁ % bl al?CﬁLJhu,\b Ta) ’H\d Ll%(j“' (J&(

?”C /f’ i’tl“’b/ Um{wns mC 5 ,Q(M”\/ (.fﬂ“s |
HU"J “'\m‘/ ;("f Ll“fﬂ!ﬂﬂ“’ ”\1\6 'f[:\” ﬂ(i’)" (-}1(

Pirsa: 18020010 Page 25/31




M (T)’\Tcg\ﬂou ‘H\ﬁ‘> g —H«fs%\aﬂ S (aj'e ?T g-} m :

=

5)/2_)_@ SWEJ&:'\T:& J\\Z) )oca.\ S‘\\Dc)’\ﬁsﬁc ro\s< v/ Qﬁb(?m;‘ ?<FTJ

Fhen NVe>0 ¥ creds € W T lcahons, 3 FT fﬂwaf'.giaﬁ‘ C
‘S”fl 4’)@: od’T)ad‘ /)Qr'“o)gab,l‘f}, j,g‘i‘r‘l,bdﬁ'm Q‘F AC/ (s w/}n ﬁaﬁsﬁeaf
.IJZ“SF‘]LW‘C'C 2 of ‘H\a+ o“; C.) fé uses ’f‘mr}gq‘\'?s)#ﬂ[dﬁ’s Hat  are

“Hmn C ,19/ Q TD]//v (T/g> 'Fac"_or"

6&.@ o

irsa: 18020010 Page 26/31




N ST :,C,_;\
Pk Use mmodudan €772

-+

T ‘3? (MP 7

= (\; f)zr
wa = ’Fr(’?’

irsa: 18020010 Page 27/31




Pirsa: 18020010 Page 28/31




T\\n’\l (T}\Vﬁ\«ou ‘H\r“>g —H-\(fi.)w‘ae e (de ’?-}- <t A ]

-

5)/2']"@\ Su\\;;Jcbj‘coQ "\*z; ) ocdl  ¢Tochastic noise I/ erie ?r‘ata.f’ﬁ?—;)

liicn S oub AR o T LA ShEmlsn) SOG

s1 $he odpat pobablf, dstrban of C s Wt datistical
ﬂ'f—hﬁf‘cf Z = "Hm"\' D‘(: Q) I_é uses *l';m:)ga‘\'esj#azu}l‘fs Hat  are

6F¢0~+U ‘Hlan € L/ Q 70‘//17 (Tg) ‘Fac or

/”_—-’

o
J/ concatensted Tgunit wh, PRz @0

jnﬂm'&'ho"'? 4Aj}‘fr ?’Trx?%

Pirsa: 18020010 Page 29/31




‘M\\ G ‘x\n A ‘\'\1 COQ\'\

{ H, Qﬁ/ Wb) 05T necessary

e:l'wez.f‘ ﬁ” ?JJ; 5.[\ ?Mb‘)’s f\b'i' Necessaly
At

e
[ Soc o
so dematd. = NeCessely ; 3

7 -‘L'N M P:‘.
’flﬁ'haf\ g (?,J.ajy/! /O\SSﬂc;j mmrw.‘ﬁg

. ?&(’\—7 el e 5;" 0\ ja. es
2 T@D’hilﬁb%: ja s E

3 ?faoﬁmca )D> 5+“-5§

poan kg

Al | nece
5 Mﬁ)(.ma/ lTa( 2 ) /%7[

Pirsa: 18020010 Page 30/31




QSS MP—\\‘(@“S e CSrols

J-E:Qo]-\ }ocgj’)pn %Q_g Same erof (ﬂflhﬁ\' ﬂ(j-

P I |
i bo“mﬁff—og Co('r'g'cihm' ”eCCEEQC/;f

Neces S‘U‘y

_5- No 'éQLG\jg SEN IS j (\ﬁ' e ccssar/
C/— Qd)‘fﬁfsmﬁ./ el (s : quno'/' 5@_.(} @/Vmﬁfc
é j'bo@)\ﬁs‘hé eroes . (\0+ Mce‘sx% )an+ ‘]’)’\6(6 ase

soe adds £\ Meckosian eroves o Mhch w
?f‘“g % Eaoun

A

Pirsa: 18020010 Page 31/31




