NLTS Hamildonians ‘Prom joo&
@uaw%w\, codes

Chivm\i_j M'WU,\L (l‘BM Quavrl'um>



M classical 'P"PO@




M classical 'P‘PO@

NP = Hu clons 06 all c%cim%(\hﬁ qﬂj(ﬂ\ ‘Hm«ﬁ chedeabole, ?Poog.
NP |hes Covale/ﬁ; ?mbm such s Concdaunt 3o 's@,%yom IRARPN (Cgps\



M classical 'P@w@

NP = Hu clons o€ all c%ciy{hﬁ CFJJU\\ ‘Hma} chedeabole, ?Poog.
NP hos completi, Doblems, such as Conehaint %@ﬁs@,&m Rololoms (€SP

EINE R ER AN R I R Y




Undessionding classieal ?rgo@

NP = Hu clons 06 all c%cim\/u\j CFJJU\\ ‘Hm«ﬁ chedeabole, ?Poog.
NP |hes Covale/to ?mblu% such s Concdaunt 3o 'S@Aqm IPARPN (Cgps\

- [EE) (]

locol checl. C; = x®x, ®%,= 0O, locel

C‘L : jC)] i§3—> [011]




1_/‘1_0921‘*_;.&_'3 clossieal ?@0@
NP = 4 class o€ ol C%ciy/\% C«rolj(vx\ “'?‘m} Checkeabsle. ?Poag .

NP \/\&b COW\‘Flefb.; fPf‘D\ouﬂ\& awh aa Cov\,g),\m'\nl\—’ ga, 'sgq,%’)'wv 'PYD\OlU/Vl/S chrps‘s

QOEEE - [TE) [

lOCOL\ C\/\mk C'l, = x\@ X:L@cx_gu O lOC&\

C; 5071733_‘> (01|
C : 20,1’{[ == {O,Wt] \Ej C(‘X} =i CL'CX>




1_/{'\_092_15*&_'3 classieal P‘PO@
NP = g, Closs 06 all c%cj% CFOBU\\ “'mr\b} Ciecealole, '?Poag.
NP hos Cow\?le/to me\oluv\é arh e Conedaunt Sl 'sge,%n'w\, Tboluma (Cgpﬁ

BUOEE - TW [z

lOCa C\/\QL\,L C - X ®X @‘X _ loaen\

1 jQi@ Y 0711_
C : Eo,i’g% — {O,Wl] \E)j C('XB =i CL'CX>

Decrcle i&'\
@ = X, CC’?Q = 0.
@DV % C(x) > 4.




Two_exlpngions o? e vohow, 6? P@_g

»| AMA

INP |=

-)‘Fv_ﬁ




Two 67("@&%0% o? Hhe ok 6? Pi;og_g
/\/\/,/\/\,/W/(No/\/\,/\/w/{/w
JQMA|  § TR ot e o g el (867)

INP |<

'




Two extengions o? Hhe ok 6? ng
/\/\/,/\/\,/W/(No/\/\,/\/w/{/w
9—@;’\—; gr ?g % mﬁ rwj(uume, o % fvon‘gm CBQ?)
Ca\ww\’lﬁ %fouwvg“ &Mﬁ% cf COCo.Q, HOMG Hoviona
13 o CUW\\?lLiL f\a’rs\/ﬂwvx/

INP |=

-)r_—_—ﬁ




Two_extongions o? the woh 6? ng
AP o Ay A Qo Aps s = s
"M 9 ?{2\ e Qg rosire o 9. w@m (BQ?®)
Calesdacting amm& ey ef boesd, Hownd Fomtonns
s o coweldl prsilum
r—-ﬁ h = bner bel opeaitn cdodehing enyif

L)
< W h - [ooo‘><oOo[+\m\><m\

INP |=




Two_extongions o‘) e nob, 6? szg
AV o Ay A Qs Ao - g
JGMA]  § 1P  f rpe e g en (509)
Calesdacting amm& ey ef Loesld, Howni Hovions
S o cowplds i\l
4““"‘"‘7 h = bner bel opeaitn cdodehing enyif

o hy = 1006000 | + [T |

m

sz h 16> — <WIH|WD (m[fg;g)

INP |=




Two cxm\b_g? "j’\_l_-_".@m_‘?f ng
h. = binwr el e

[GA] el

w\

H-2lw 1) > WHIW (o)

INP | <

‘e




Two cxm_g? "j’\_l_-_".@m_‘?f P@Q_g
h. = binwr el e

[GA] el

H-2lw 1) > WHIW (o)

INP | <

oty W) = 5 <MD

‘I




Two extengions ? Hhe nohow 6 P@’f

J

GMA

-)r-_——ﬁ

h; = biwer o, &rwlﬁn w\whﬁg S

o hi = 1006)Cooo| ¢ |yl |

sz n, &> > YHW) (eneyy)
gmwf\& %é /XM«LHB IS <LP\HHJ>

BMA-Wecd o decde Kin b= 1/ pay(o),
O MM 20 & 315 <PHIPYS ¢ a
® M(M) 2L & VU (Gl 2 b



Two cxm__? V\Ohg 6? P@-€

»| QAMA

=

'

BMA-Weed o decde Kin b= 1/ paly(o)
O *aH) 2 & TIPS PHIWYS £ a

@ Ma(H) 2L & VW) (piHlw) 2 b



Two extengions ? e vohow, 6 P@_?

J

GMA

-)r-__ﬁ

QAMA-od o decide gm, b-a = 1/?05(%) )
O 2R 20 & 3PS {PHIWS £ a
® M(H)2b & YO pHlw) 2 b

— 3@w&%ﬁt&¢ o‘e loced. Homt oviams

sre 0L Cononteol” %W«%na 9(?\0



Two extengions ? the nohow, 6? P@’f

J

GMA

-)r-__ﬁ

QMA - Nerdd too decide gm, b-a = 1/?05(%) )
O M) 22 & TS PHIY) £ a
® M(H) 2L & V) (oH[w) 2 b

== gmuw&%+m °€ loced. Howmt Wrovsama

oe  Oc ”Cﬂ\/\.OV\:C_olh %m/w %JI o\ 9[ ’P\Q

TH's iy believed ot NP 7= QMA



Two extengions ? the nohow, 6? P@’f

»| AMA

J

'

QMA -l o decide %DO’L b-a = 1/F°l\‘j(""") )
@ XM 20 &> 310D, PR <
@ Ma(H)2b & VI (QHIW 2 b

— gmuw&%+m 0€ loced. Homt oviams

sre 0L Cononteol” %W«%Ra Q(P\Q

Y ’\/\/\eQxlj belioest Hok NP 2= QMA

—

T\/\z;\e,?m7 wot  all %«mw%s\‘&m «? loeal Howa Howams — cean,
loe. C,\assicq\g clLsor\\rx% (_M coA e%\\c:{w‘ﬂ\{ \;u\% Ll e




Two_exlpngions o? e vohow, 6? P@_g

»| AMA

PCPs




Two cx-lmé%o% o? the vohow 6? ‘P@_g
we Hinke f FQ* os Nsgi Sep-bey-sicp hodking.

»| AMA

PCPs




Two cx-lmé ? the vohow 6? P@_?
we Henke f FQ* oo g Sep-logstp chrking

PCPs

- PLP_tHhamem Everny NP Prilem (ie. ey FP) i
" QMA Con e Convected into a '?WVL S-’t‘ O‘AB O(,]) bz f:-:
neeod ¢o be qu& to be QTZ’ t o el ol —:s.é




Two OX'l:mé ? the vohow 6? Pm?
we Henke f FQ* oo g Sep-logstp chrking

———— | BCP tnon Bueny NP prlem (e orny pf))
QMA Coon (Ge_ Convected. o a %‘LWL S-’t‘ OV\B O(.ﬂ bk

neeel do Laewxm& to be QTZ’ Tt vediol k.

NP-hoel 4o decide if {cm = anolog S <le\\4)>]
-)‘(PC(\DS O dx, C(x) =0

@ \7’%) CC”C\) s (Pm\/, l>

amaq,'3} 12 - s -wasy




Two OX'l:mé ? the vohow 6? Pm?
we Henke f FQ* oo g Sep-logstp chrking

———— | BCP tnon Bueny NP prlem (e orny pf))
QMA Coon (GQ Convected. o a '?U“LWL S-’t‘ OY\B O(.ﬂ bk

neeel do me,w& to be QTZ’ Tt vediol k.

NP-hoot 4o decide iff {Céﬂ = cnalg of <LV\HN)>]
"‘(PC(\DS O 3, C(x) = O

@ \7’%) CC”C\) s (Pm\/, :L>

| NOI\E\:& 'FS S%J%Rw\

amaq,'3} 12 - s -wasy

I&M?z) r\’avxlr CMSQ/EFMCC 5




Two OX'l:mé ? the vohow 6? Pm?
we Henke f FQ* oo g Sep-logstp chrking

——— | RO Humon Bueny NP prilem (i oeny )
" QMA Coon e Convecdl nto Co '?UTWL S-’t‘ OV\B O(.ﬂ bk

neeel do Laewxm& to be QTZ’ Tt vediol k.

NP-hoel 4o decide if {cm = anolog S <le\\4)>]
-)‘(PC(\DS O dx, C(x) =0

@ \7’%) CC”C\) s (Pm\/, l>

N \ /ﬁj_r\j%grﬁ. CC%><—VL?‘ Clur
| O\EES T St&?\w' be ?m\g\ fve,cﬁw( Loith O(1) S[un,\e/s.

amaq,'3} 12 - s -wasy

I&M?z) r\’ou/\l(— CMSQ/EF}U\CC 5




Q o U‘ m Q .!uk u i >
o n

GMA
NP { >’[&ch>_.,]

PCPs




The Guuortum Toob, Crdeode P, Conectne.

GMA

NP

/
\,

PCPs

>’[&PCP_..]

COV\%M/JW\%\ Q\/ei& QAMA 'Problm (Le,.
Sr‘w‘m ?P) con loe Comeded v o PWL

st only O(a) grudoalfs newd. Yo loe wicasured.




The Guuortum Toob, Crdeode P, Conectne.

GMA

COV\%M/JW\%\ Q\/ei& QAMA 'Problm (Le,.

NP

/
\,

PCPs

) [ 2o

st only O(a) grudoalfs newd. Yo loe wicasured.

Qg_/%.ﬁ;r 50, ith QMA-herd Yo olecicle
D3 S st PIH[PY = O (rwonliy)
@ VI¥>, {o(H\W> 2 em



The Guuortum Toob, Crdeode P, Conectne.

GMA

NP

/
\,

PCPs

>’[&PCP_..]

COV\%M/JW\%\ Q\/ei& QAMA 'Problm (Le,.
Sr‘w‘m ?P) con loe Comeded v o PWL

st only O(a) grudoalfs newd. Yo loe wicasured.

Similar o PCP —H/umm,) every

QQ‘_’%-F‘;F E,BOI ot @MA"M Yo dlevcle atecte o{ C,V\ﬂ—fglé £ —E—W\, s oL
@3 [&P> st <W{Hl¢> = O (V"\O“u“j\) Vel e, ?P '&}x a QPCP locedl
@ VI¥>, {o(H\W> 2 em

Hoawi rovilans,

Sk O'P PPS s wuch, la(‘c&o_ﬁd\.



M?MM%MP QPCP;
(if NP#QMA)  quahum ® low ouny stetis of (zecP
P ot e closstecdly clischocsl  local Haumilbonions 07 olso ~alid

Qr\ Ou/\j C@\icjc_v\.\'[j CJ\/\LC,\/(_O..\O\,L MO&V\M\) ()JX\S LQQ(\LQ, (H/\ﬁ s V\D(S’:S '_P'PS)



M?MM%MP QPCP;
(if NP#QMA)  quahum ® low ouny stetis of (zecP
P ot e closstecdly clischocsl  local Haumilbonions 07 olso ~alid

Qr\ Ou/\j C@\icjc_v\.\'[j CJ\/\LC,\/(_O..\O\,L MO&V\M\) ()JX\S LQQ(\LQ, (H/\ﬁ s V\D(S’:S '_P'PS)

= Thung exist local Hawm Honiens widie o suecinet™
Classn ch\ OQL%EEHOV\S ’PO'L O‘V‘j (Dw —Qv\g,r\igzé 3{\05@,




M?MS*M&_QP &PCP,

(if NP#QMA)  quahum ® low ouny stetis of (zecP
P Comnot e classieally disciossl  loced Hamilhonions 6e olso ~valid

(i ony ef&}k\idd/\-\'[:& deolde Mannon) FJR\S (since Hhey ore g rP‘PS')

= Thung exist local Haw Howians widie o suecinet™
Classn ch\ OQL%CJEEHOV\S ’PO'L O«V\j (Dw —erfgzé S’k*&J@,

[ Constont daphn g cirowt

leses FH s G QchS%icaU%_




An_im imvﬁmm%w&_ﬁ QPCPs

(P NP£QMA) quantum

F{\s. Conmiot loe dagsiwllj LIS T\IST§

® low Gy stodia o{-\ (ece

loced Homiltoniong ere olso ~olld

(i ony C@\iqm}fﬁ deolde Mannon) FJR\S (since Hhey ore g FP‘PS')

= Thung exist local Haw Howians widie o suecinet™
Classn ch\ OQL%C,L\E‘HOV\S ’PO'L O«V\j (Dw —Qv\g,r\tgzé 3{*08@,

Cov\s{’emjr GQQ.P’\M ét cirew ©

lese YJ'\'"I s Qe Qlc(S%i(‘.au%_

,

No low ey\er‘gj tviel atodes There exist

locedl Homs st no (ow-evmrgj st (s

P

o constont OQQP‘W\, C(FC,L,U“['T

i ‘H/\IL Ou*i)ud' O

[:F_(‘Lf_b(l.WLow\" HO\SHr\aS H]



N—OM:S Trviel stotes There exist
(peel Hams. st. no [ow-ene,@j st (s

e Oufflpud‘ o"\ o constont G@E‘H/L C\'i‘CLU‘Jr.
' (:F—PL:'/(SM&W\" Hotgl"(r\as H]




N—O_l%%j Trviel stotes There exist
(peel Hams. st. no [ow—ene,@j st (s

e Oufflpud‘ o"\ o constont G@E’H/L C\'l‘CLU‘Jr.
' (:F—mfj(h/\ow\" Hotgl"(r\as H]

- ljy\ W anas @Jm]‘\’\/\b/\ Ry wot/u\% Wooe  bean ’\ﬁ\l{m\\,\éy Sy\cx\x,_

- M(}L\tQ@S G S'l‘u\'twum}’ AR '\DLBS'\C_@L\'B M\\‘%a\ol& (bbu,a\’ e,\/C\‘ a\/\é\@/th\'.'



Mﬁﬂﬁﬂj Trviel stotes There exist

[owk HQWIS_ S.’t. no [Ow—e\ﬂefg\j S{'Ot—bb (S

e Oufflpud‘ o"\ o constont a&zﬁﬂm C\'I‘CLU‘JV.
' (:F—ij(h/\ow\" HotSHr\as H]

- l{ W anas @L\m] Han, QPCP wot/u\% Wooe  bean ’\1\\/\‘0\,\\,\3_ Sy\m\yc._

- M(}L\&@A G S'l‘u\"cwum}’ AR '\DLBS'\C_QL\'B M\\‘%a\ol& (bbu,a\’ 2,\/(\‘ a\/\é\w"\'.—

—\/\’/\QJO“\CVV\ [Ammg AN\AL'L) N"L-D (%PE,ULCJU/V\(}\V\’/L ) & C N /9\,2]

LOCO&L Hawu l‘l’OYL'\w/S Cow‘egl)ovwft(ii '\'o W\osjf* linear - rete anJ\ — hictomnce. GU_'DPC exro—
QDM\"K codes cre NS How onians,



Mﬂj Trviel stotes There exist

[owk HQWIS_ S.’t. no [Ow—e\ﬂefg\j S\'Ot—bb (S

e Oufflpud' o"\ o constont G@E’Hﬂ, C\'FCLU‘JV.
' (:F—ij(h/\onw" HotgHr\as H]

- l{ W anas @L\m] Han, QPCP wot/u\% Wooe  bean ’\ﬁ\/\‘o\,\\xéy %\m\yc._

- M(}L\&@S G S'l‘u\"cvvxuf\}’ AR '\D\’\ﬂs'\w\}ﬂ M\\‘%a\ol& (bbu,a\’ 2,\/(\‘ cw\ékﬂfvw&.'

—\/\’/\QJO“\CVV\ [Ammg AN\AL'L) N"L-D (%PE,ULCJI_\/V\AV\’/L ) & C N /9\,2]

LOCO&L Hawﬁ l‘l’OYL'\w/S Cow‘egl)ovwft(:i '\'o W\osjf* linear - rete anJ\ — hictomnce. GU_'DPC exro—
QDW&C/\’(X coder Gre NS Howiltonans, (includes LLWU -Zovor ] C°“\SWJ“’0"1>\



N—OM:S Trviel stotes There exist
(peel Hams. st. no [ow-ene,@j st (s

e Oufflpud‘ o"\ o constont G@E‘H/L C\'i‘CLU‘Jr.
' (:F—PL:'/(SM&W\" Hotgl"(r\as H]

- ljy\ W anas @km]‘\’\/\b\/\ Ry L/JOUL:\% Wooe  bean ’\1\\/\‘0\,\\,\3_ %\a\x,_

- M(}L\Q&S G S'l"u\'thuf\\’ AR '\DLBS'\C&\,B Ml%a\ole_, (bbu,a\’ e,\/C\‘ a\/\é\M\wﬁ\'T

—\/\’/\QJO‘PGVV\ [Ammg AN\AL'L) N"“-D <%PE,ULC,]L\N\D\V\'/L ) & C N /9\,2]

[,ocou\ Hawu l‘l’OYL'\w/lg (’.UN‘QSPM\:& +o W\osjfak linear - rete ow\J\ — hictomnce. &LDPC exro—
QDW&C/\’(X coder e NLTS Howitonians, @\du&m LLWU -Zovor ] C°“5m+§0"1>\

3 25 0, cnd Howmiltomiem {\W\\B H st ey ahite @ O'P enerqy & EN
e minimam dh%%\m YIS )rojcyuﬁf@ W i QOOﬂ W>.



Poof gkt af\ Hhe NUTS thomum

@'{/@\V\\“‘l sty = Local Hami\konionns
= Cireurk C&iﬂ% lown, boounds

Li gl/»’rcoms Qoz
lowy ‘&Fm cownts




'Pmo\} gk af\ He NUTS thenun

@'rnw/\'\«(l Sﬁtim, = ]_OCA,\ Homi Uonioms gmr COWHM CU&M <ECCB

_ - i ¢ low Sulospice
> Cl JV c&:\ﬂﬂ/\, l uy \owsz @ O 4 09 Z\:Sé&ﬂ E:OQUQ«

\ Li gl/»’rcoms oy @ @ e

lowy ‘&Fm cownts




'Pmo\} gk af\ He NUTS thenun

@'rnw/\'\«(l Sﬁtim, = ]_OCA,\ Homi Uonioms gmr COWHM CU&M <ECCB

_ - i ¢ low Sulospice
> Cl JV c&:\ﬂﬂ/\, l uy \owsz @ O 4 09 Z\:Sé&ﬂ E:OQUQ«
\ Li gl/»’rcoms oy @ @ e
lowy ‘&Fm cownts




Poof gkt af\ Hhe NUTS thomum

@'{/@\V\\“‘l sty = Local Hami\konionns
= Cireurk C&iﬂ% lown, boounds

Li gl/»’rcoms Qoz
lowy ‘&Fm cownts




L_i_g\'\‘\' tones and. @mﬁ»m_umds



Li_g”_\tcms_ﬂd_qtmﬁm_dmﬂh

Low —c&r[:%\ stotes are
classical wihneses 'Fm energy




Li_g”_\ﬁmeb_ﬂd_qm@m_dmﬂb

I{'\ A s a looal UP&I‘:;C\'CTZ anel U s a f{ C‘Wad‘l’
of diotn € thon, WAL &5 o 2 214l lowl opader.

Lov\)'cﬁn?%\ stfes are
ClOLSS‘N_OLl wimssas %71 Wﬁj




Li_g”_\ﬁmeb_ﬂd_qm@m_dmﬂb

I{'\ A s a looal UP&I‘:;C\'CTZ anel U s a f{ C‘Wad‘l’
of diotn € thon, WAL &5 o 2 214l lowl opader.

Lov\)'cﬁn?%\ stfes are
ClOLSS‘N_OLl wimssas %71 Wﬁj




Li_g”_\ﬁmeb_ﬂd_qm@m_dmﬂb

I{'\ A s a looal UP&I‘:;C\'CTZ anel U s a f{ C‘Wad‘l’
of diotn € thon, WAL &5 o 2 214l lowl opader.

Lov\)'cﬁn?%\ stfes are
ClOLSS‘N_OLl wimssas %71 Wﬁj




Li_g”_\ﬁmzb_ﬂd_g‘m@m_dmb

I{'\ A s a local UP&I‘:;C\'CTZ andl U s a ?f ST
of diotn € thon, WAL &5 o 2 214l lowl opader.

Crven o local Howsldoman H = 221 ol o stats
WS = W[OS we e evalu, {P|H|W) ™
clagsy cal ‘(‘\vv\,e, 9}{: ‘ {)Otj(\/ﬂ = "IDOI\\.jCV\B bol/\wL '(Z = O(i)

Low—cﬁn?%\ stfes are
ClOLSS‘N_OLl wimssas J(\Ul &\/\U‘stj




Lightones, and guonbum cicuits

II(} A s a local UPOI‘:;C\'CTZ andl U s a f{ ST
of diotn € thon, WAL &5 o 2 214l lowl opader.

Crren o loeal Howiktoian H = S0 el . statp

WS = W[OS we e evalu, {P|H|W) ™

classh e Hne ‘126 ' {Jotj(vﬂ = "lDOl\LjCVl’B Lolen t = O(i)
™M

CPIHIYD - 2, W 1¥D

- i <o“’[uT\/\(u

0" >




Lightones, and guonbum cicuits

II(} A s a local UPOI‘:;C\'CTZ andl U s a f{ ST
of diotn € thon, WAL &5 o 2 214l lowl opader.

Crven o local Howsldoman H = 221 ol o stats
WS = W[OS we e evalu, {P|H|W) ™
clagsh el e ‘126 : {Jotj(vﬂ = "lDOl\LjCVl’B whoy € = O(i)

CIHIPS - 3 <119
- (o[ Uh w0 >

(N
COW\PLA,MHM on O(?fo) QTW‘O‘HFS




Lightones, and guonbum cicuits

II() A s a local UP&I‘:;C\'CTZ andl U s a ?f ST
of diotn € thon, WAL &5 o 2 214l lowl opader.

Crven o local Howsldoman H = 221 ol o stats
WS = W[OS we e evalu, {P|H|W) ™
clagsy cal ‘(‘\vv\,e, 9}6 ‘ {)Otj(\/ﬂ = "IDOI\\.jCV\B bol/\wL t = O(i)

™
CPIHIYY = 2 (W n ¥ <944
B o ’
= ) (o[ Uh U0 D Low-eliphta shufes ace
e dassical witngsses Pm erengy

COW\PLA,MHM on O(?ﬁ) 9[%‘0‘\%5



Trwial stutes = Local Hamiltonians

e staty, ‘OV\,> s the w/\'\qv% golution to a,\/e,ij S'WV\?LC locad Ham‘\u‘vv{\am.



Tewial stakes = Local Hamltonians

e staty, ‘OV\’> s the w/\'\qv% golution to a,\/e,ij S'wv\?lf, locad Ham‘\u‘vv{\am.

Ho = z ll><1\( — Qtu\o\k"w‘wx; 'Fr%ac’ms m{ém}r\j uboits 65'{1,«.41/ )



Trwial stutes = Local Hamiltonians

e staty, ‘OV\’> s the w/\'\qv% golution to a,\/e,ij S'wv\?lf, local Ham‘\u‘vv{\am.

Ho = i [1><1\E — Qtu\o\k"w‘wx; 'Pr%ac’ms m{ém}r\j flw)o'\h a%wl )

l"O 'S C,ovnvnwjt'\-n\ci ard has a S‘l)ccfﬁ“ww_ of O, i] 2}---) V\/) with, 6‘%%’\/@6(0?5 | UE

e aivA\IaJ.VLL I'x-t .



Trwial stutes = Local Hamiltonians

e staty, ‘OV\’> s the w/\'\qv% golution to a,\/e,ij S'wv\?lf, local Ham‘\u‘vv{\am.

Ho = z [1><1\E — Qtu\o\k"w‘wx; 'Pr%ac’ms m{ém}r\j flw)o'\h a%wl )
Ho s C,ovnva\—n\ci andl has a S‘l)c,ci‘rwv\_ ol O, i] 2 V\/} Lt ei%mw,drors | %> UE

+ ex alng. | KL
Lek Hlx{_ - W HU Wﬂ"“ fke/ﬁ\« t oot W e =



Trwial stutes = Local Hamiltonians

e staty, ‘OV\’> s the w/\'\qv% golution to a,\/e,ij S'wv\?lf, local Ham‘\u‘vv{\am.

Ho = z [1><1\E — Qtu\o\k"w‘wx; 'Pr%ac’ms m{ém}r\j flw)o'\h a%wl )
Ho s C,ovnva\—n\ci andl has a S‘l)c,ci‘rwv\_ ol O, “_( 2, V\ with, e\%mw,drors | %> UE

e alwe I'&t
Lek "'\\bL 2 (LC HW 1[\% cke,P%\« t ocwet W &

HM s C,ovvwvmft'\—t\j ard has a s‘l)cd?um_ o 0,4, 2, V\ with, 6\%e,vwe,drors U | UF

e alwe ]'Kt
M H% [EN 3 Qt—local Heawm ltowant o



Loca.k if\dis\'ir\gu'\s\o\do‘\l'.;\:j

Two gtodis M)> nd \LP’> e o) - locaﬂgl i/\dﬁsﬁf\gu\'\sl&abl@ \P ‘Bx @eﬂ f&(c}im 6
0\0 e, édll W—g = UR/

_.S .




Loca.k if\dis\'ir\gu'\s\o\do‘\l'.;\:j
Two gtodis M)> nd \LP’> e o) - locaﬂgl i/\dﬁsﬁf\gu\'\sl&abl@ \P ‘Bx @eﬂ f&(c}im 6

7
o€ e, édll W—g _ U&

8

\ 04 '.t 1\4>
Cx. T states ‘ ¢> - 10 >\l"9: k

ace, (N-1) lOCpﬂH '\r\c’l\s\‘ir\&w{s\/&a\d&.




Loca.k if\dis\'ir\gu'\s\o\doll'.;\;j
Two gtodis M)> nd \LP’> e o) - chch:L in&(sﬁﬂgu\'\shablé \P ‘Bx @eﬂ f&aim 6

o€ e, édll W—S _ UR_/

8

Cx. T stades ‘t> = LOV\ >\r; Eh

ace, (N-1) [owdkj '\r\c’l\sﬁr\&ms\/m\olﬂ.

L\’v\j stk reduwed tﬁa)/xsr\j Wiedery Ca[uo&g
( 3 - loXol
.5

T !

2.




Loca.k if\dis\'ir\gu'\s\o\do‘\l'.;\:j
Two gtodis M)> nd \LP’> e o) - locaﬂgl i/\dﬁsﬁf\gu\'\sl&abl@ \P ‘Bx @eﬂ f&(c}im 6

7
o€ e, édll W—g _ U&

g |-




G
8

. l/\' 16/
: ‘t\iq
&\5
l C
\LP
g+
T‘

7
- UQ_S |
M
A dll
o€ e, £




Local indis‘\'ir\au'\s\o\dolllj:j = Clt aev-rlk lowen, loowndy

Two gtodis M)> nd \LP’> e o) - chch:L i/\dﬁsﬁf\gu\'\sl&ablé, \P ‘Bx @eﬂ f&aim 6
o€ e, édll W—S _ UR_/

g .

Lomma (19 ond 19 o ol-locally indickinguichable | thon if

V> = Ul > th U agwt)mw 2P =



Loc,a,s md,\s\'mau.\s —!j = Cl+t Ce'-rl'k. IDuUL ‘00‘”\&4

Two slodis (WD ond |07 ore ol locally indistinguishelle. if P ereny P2gion O
o€ e, édll W—g _ U&/

g |-

Lomma (19D ond 197 e ol-locally indiskinguishable, | than if

€= Uor> P w P gt b Fen 2l S

2N A M COEDN <LP/l|’lL\L\)/>A) s H i 2ol

and zre, o > 2F locat_tj ian“\s‘l‘\'/ﬂu{sL\dole/
- 25w W)



Local indis‘\'ir\au'\s\o\dolll;\:j = Clt aev-rlk lowen, loowndy

Two gtodis M)> nd \LP’> e o) - locaﬂgl i/\dﬁsﬁf\gu\'\sl&abl@ \P ‘Bx @eﬂ f&(c}im 6
o€ e, édll W—g _ U&/

g .

Lomma (19D ond 197 e ol-locally indiskinguishable, | than if

0> = Ulor> fo w & gt ¢y Hun 2P2 . =

2N A M COEDN <LP/l|’lL\L\)/>A) s H i 2ol

and zre, o > 2F locat_tj imQ,“\s‘l‘\'/ﬂu{slAdole/

P 2Ny < Loy - o



Loc,a,s mdlxs'\'mau.\s —!j = Cl+t Ce'-rl'k. IDuUL ‘00‘”\&4

Two slodis (WD ond |07 ore ol locally indistinguishelle. if P ereny P2gion O
o€ e, édll W—g _ U&/

g |-

Lomma (19D ond 197 e ol-locally indiskinguishable, | than if

€= Uor> P w P gt b Fen 2l S

B A, D - Z <LP/th\L\)/>‘) since. H is 2° -loeal

and, ere, o > 2 chaL_L:S \OCQ,\S‘l'\/ﬂUL\SlAbJol@

Z<LP|h W) = <w[H|YS - o

Bur 8W6+6C@ lkP> 1S uV\\f}V\q,[ =) ILP>C I\‘P >, a COA'.{'W{C/'HW\,[‘



Loca,k if\d,is'\'ir\gu'\s\mloll'.;\;j

Lomma (19D end 197> o ol-locally indiskinguichable, | then i
WD = Ulo™> {‘\O”L W u? J&Txh«. t) thea ot = tﬁz ,Oﬁ CQJ




Loca,k if\d,is'\'ir\gu'\s\'\dolll;\:j

Lomma (P (9D ond W'

Lewmma on S ae - locally indistingu \

s § o locadly d %ri L\olLUe,, Then if
> . U u? J&Txh«. ) Then th d. = tﬁz ,Oﬁ CQJ

gir\ e,drob & ‘ \
@, & \ ep 6? H s 4, tis orgument 5 only - Tobust +o
?e,(hr \Oeci’iovts OP O<%> ;




Loca,k if\d,is'\'ir\gu'\s\'\dolll;\:j
Lomma (19D ond 197 o ol-locally ndlistinguichable, | then i
VD= Uy e u c? lipdtn &) fhen 2°>d. = |[£2 log aaj

gmw) sgje,droi gc\P 6? HuL s 1, fhls arng\m)r s oaly Dhuat To
?e,("\’\d\oeci’iovts oP O<%>

Ueing madthomedice fon C)@Ojs\w/ 'PC_)LJVWV\‘\@\S{ we, Can, meke (b, cobust



Rdoust aoca,L"_ﬂdgi_S\'ir\gws‘r\Ab\l'\;\Ej




Rdoust aocaLi_ﬂdgi_S\'ir\gws‘r\Ab\l'\;\Ej

Td - He



Rdoust roa,Li_ﬂd,iS"ir\gws\mb\lﬂgj

oo Weole
TEr- B — |T-joxel ¢ -7 oopmmats
PPO(\QQ\‘Z)‘Z,.



Rdoust roa,Li_ﬂd,iS"ir\gws\mb\lﬂgj
o weal

T=1T- ’HvT = “T" IWX@[({M N SPPVEMTT
P‘\%Qc\‘ﬂ‘z‘

3 p R of dig Q) st | p(n—lQ—lWX@HlM ‘< p



Rdoust roa,Li_ﬂd,iS"ir\gws\mb\lﬂgj

oo weale
TET- ’HVT = “T - IWX@[({M ¢ -5 &Pwigbmc:@
P‘\Od(’,c,\‘z)'z,.

3 p R & dig Q) st | p(n—lQ—lWX@HlM ‘< p

1—13 1% C\/\dojsb\w P&é\‘ OpproK. og\ the OR fiabion .

Sw

A, pe)-2 ek
p e \//l
T . 4 >

- Lo

-



Rdoust roa,Li_ﬂd,iS"ir\gws\mb\llej

oL WERl
e J’l—(vf% = “T“IWXLPH(Mé =% &Ewigbmcz@
PW?(\Q&Z}‘L‘

J P:TP\/"TP\ "Q CQﬂg Q(\T‘O s L. H P(HQ'WX“PLHM £ Q

1—13 1S Cl/\dojslm/ Poké\. 0ppeox. OE\ te OR  flacbon.
X plo)-2 . [p()| <1 P(H.) = o local Haui Hoien i)
T el O(- )

S

— =N

* (OCa\HzS ,,P POlj dlLaru,
H,



.3 \S CL
l k \
§

[p(H.) - 19!

£p.
>




.3 \S CL
l k \
§

2%
| p(H..)
jo,43"
Yo gbck on
L D Le

£p
>

uing (W




.3 \S CL
l k \
§

2%
| p(H..)
jo,43"
Yo gbck on
L D Le

£p
>

> p
Yor ¢ D(S,)
3 Assume D(Q‘




.3 \S CL
l k \
§

2%
| p(H..)
jo,43"
Yo gbck on
L D Le

£p
>

> p
Yor ¢ D(S,)
3 Assume D(Q‘

l E P”E) . OV\’ .




.3 \S CL
l k \
§

2%
| p(H..)
jo,43"
Yo gbck on
L D Le

£p
>

> p
Yor ¢ D(S,)
3 Assume D(Q‘

l E P”E) . OV\’ .

> 4
| TO 1< TT |l



.) \S CL
l k \
§

2%
| p(H..)
jo,43"
Yo gbck on
L D Le

£p
>

uing (W

\ 2,

l E P”E) . OY\’ .

> 4
| TO 1< TT |l



pH.) = o L=0(") |
12\_0'0!&'(' QOCG‘\_.‘_’\@{_S\'MSQS‘AA&)“% local Hom, st

[ et D be the oliskt om 30, i}gﬂ “ P(Hu> - N]XLP\

£p
>

EDHWL‘/\ Assume, D(gs > ¢ D(@,} > MK

Ltk Tls ( Tls, e Py onfo the scle
SL & Sz, V‘é’/sl:rcdmcﬁ

O @)
| T el TT Ml >p | T pHD Tl = O

due 4o \Ocpliij OP P<H“) \36\3& syl -



Rdoust aoca.Li_ﬂdiS\'ir\gws\mb\l'\;\Ej

T Ay dist D st DN D(S,) >
comot loe 3&%@\7‘1@@ bﬂ’ 3 grwan%/\m/ et

of dopth 4 Q(\O%< L,;Jg\>




Rdoust aoca.Li_ﬂdiS\'ir\gws\mb\l'\;\Ej

T Ay dist D st DN D(S,) >
comot loe 3&%@\7‘1@@ bﬂ’ 3 grwan‘h/\% et

of dopth 4 Q(\O%< L,;Jg\>

C,tﬂ_”. An_\ﬁ stde \\P> Lo Megsuepank  Clist oy
olso \/\&A e, g \oum \oou.vx&-




Rdoust aoca.Li_ﬂdiS\'ir\gws\mb\l'\;\Ej

T Ay dist D st DN D(S,) >
comot loe 3&%@\7‘1@@ bﬂ’ 3 grwan‘h/\% et

of dopth 4 Q<\0%< L,;Jg\>

C,tﬂ_”. An_\ﬁ stde \\P> Lo Megsuepank  Clist oy
olso \/\&A e, g \oum \oou.vx&-

0 L2 w(@) od w20 el D & l-spread  dist
“\/\)G/u—%‘)fw.cé dict = a %\SV\U&M\& O{ g(wr\'lum (}QLF-H,\J



'Pmo\} gk af\ He NUTS thenun

Evvoe Comection Cooles (ECCB

®

v low @wzm Sules‘qu,
@ O @ 09 MPW\&E codleps.

©



ELXFW\A;:\—S codes 3 Tenner Coclen

MxyL
2

A linear cocle < i@ligm Con be axpmssc& s Ker H QN He I,



Qwﬁd:gcodasi_r&nnofwdg ( H ) )(o>

MxyL
2

A li/\ﬂar Cocle < i@}igm Cown 19(, &xf)msy_& B ["(t’f H ]QJ(‘ HQ HT



&Wﬁ codes 3 Tenner Coclen

A linear cocle < i@ligm Con be axpmssc& s Ker H QN H e I,

9

Coclyyyords

SRR

MxyL
2

fo43"



Expandling codes & Tanner cooles ( ' ) (o>

MxyL
2

A linear cocle < igzigm Con be &YPmss(_cQ_ wy Ker H Qar He I

when H s aon'\ Wkl % o&\

n
= glates { o ii

Mk violate,
£ em chedes

9

Coclyyyords



Expandling codes & Tanner cooles ( ' ) (o>

Mxy
F
A linear cocle < 5@]1@ Con be e,messc& s Ker H QN H e I,
when H i &o%'\ oo % o&\‘ . -
The \Ow—U\bﬂt\/& QFOLLL o el — g CKPW%\«\% b\?a%"\’\ Jme
% Gtk & & 3M euffv"\’ ioliim
\ : ' = dlates
o distibwhion, Fhat 8-
X £ em checkes
WP, \’\O\)(, 5—0 Pm S £ em ch
AN - %?veaél_ o =

Coclyyyords



é;xFanalm_S codes, & Tanner cocles < H ) x| = (o>
A linear Cocle < i@lign Lo be e,xf)mssc& o Ker H 1[21( H e EMML

when H s &0%'\ Wil 3 o&\

The \Ow—@%ﬂl\/& QFOLLL 0{ el — g CKPW%\«\% b‘\?a%"\"\“t JMGLV

o, codle & o 3M %uffvr\’

n
%5’1 a dis’}“r'\bvs\'l'o/\, ’J’f/\a\’ = glates {Olii
et violate
WAL, \’\O\)(, % Pm S £ em chedes
A - g?veaél_ o -
Colyyyords

Orly guaskion. is howw 4o onshrucck Hawlonion il sugh P“’l’f’%?



'Pmo\} gk af\ He NUTS thenun




Queatwm ervor com'ﬁr’\s codes

@O >

ek o
COA&CQUL O S‘l_OCtL, 3LA,\OJ€,

0N faswe, g



Queatwm ervor com'ﬁr’\s codes

OO~ @

Contrdin, o staty, 3@{3&&’ $o

0N s, gvoT



Queatwm ervor com'ﬁr’\s codes

0O — O
OPSapEN

Contrdin, o staty, 3@{3&&’ $o

0N s, gvoT



Queatwm ervor com'ﬁr’\s codes

—

0O > O
OPSapEN

Contrdin, o staty, 3@{3&&’ o

0N s, gvoT

1{3 e Conld Tecover ftaa Of\g/\%\ stole
Han  wnless Q Codrang VO
\n@m\aﬂﬁm soout Hee on'%‘m\ stude
s Woletia Hhe mfdmﬂj theovm.



Queatwm ervor com'ﬁr’\s codes

—

O > O
e
@ > g
N —
Conordin, o stk Sm\ﬂe,c} o lP L cond vecover fhaa Or\g/\ou\ state

0N faswe, g Han uV\\@ST Q C,ovd‘otl./\$ no

\ ‘\n@m\aﬁﬁm sbhout the Oﬂ'%‘xm\ stuile

Crasue — Cotrecon,
et Hus woletia the no - dwu‘r\:g tcorum .

\ MPL'{A \ocal ll\d{s{"\f&m{s\/\w\édﬂ

\Q:r cocﬂu,
e )




Queatwm ervor com'ﬁr’\g codes

gf“ asSw o - C,Oﬂm‘\‘\\c’]\/\/
:MPL'»QA \0cal l/\&{s{“\iﬁmis\/\m\oﬂﬂ
¢ codis.

—_




Queatwm ervor com'ﬁr’\s codes

Exac;\‘ Coclwwnd OI(\ Coclen OE cistonce .8

gf“ aswd,  xyol - Lom{‘\‘a\/\/
W o 2
‘nplies \ocal industin UL(S\/\(A.\@LLB f\eg( O UE t Q(log o)
v 3 o «7
e codes . %ﬁﬂw '

—_



Quoatn, ervor com'ﬁr’\s codes

Exac;\‘ Coclwwnd OI(\ Coclen OE cistonce .8

gf“ aswd,  xyol - Lom{‘\‘a\/\/
W o 2
‘nplies \ocal industin UL(S\/\(A.\@LLB f\eg( O UE t Q(log o)
v 3 o «7
e codes . %ﬁﬂw '

—

Ewwwmd’ll\j Codes thef ave LOPC
ﬂoﬁum\flj hoe o loeal Heoom oo |
ong, ok applies every locel Chede



Queatwm, ervor com'ﬁr’\s codes

mec;\‘ Coclwwnd DJ(\ Coclen oE olistonce 9

8‘@6\:\«‘6 LYo — C,om,d‘\‘ax/\/ SZ l
Meg u ARSTR ot ('Qxfd’h > o
imPL'{,s \oced 'l/\cl\'s{“\iz’imis\/\u\g}tﬂ ﬁ( o Gl UE <Dg )
&
¢ codis. ¥ %‘J’m

—_—

T i

_ R o L DPC
EW e sk Wik 52 Howy elo we, jerov\@ citewmit—

Wy oo lbeal om
Ny e e focel Homlimion g lowen boowds R Hue lowr-
Ong, Aol aLP?\:eA every local Ohede |

6% 61/&4&?0\/«2, &) 'H/h(]}{_,
Cobe Hamllémians?




Q_Piiw\a.\ - P otametin (99 coclss

Thee s a dass o{ 2. codes called Celdinbul - Daon - Sheane coden ek come e
Por X'{'g?e (b‘x*—?\&e} ond. Z/JFSPC (PW—@@ ety Se?am\-e:lj.



Q_Piiw\a.\ - P otametin (99 coclss

Thee s a dass o{ 2. codes called Celdinbul - Daon - Sheane coden ek come e
Por X'{'g?e (b‘x*—?\&e} ond. Z/JFSPC (PW—@@ ety Se?am\-e:lj.

_W\ﬁ i C,O\/LS‘\'NL-EU’L P«bv,/b +UUO ClaQS'\COL\ CDJLS C’X)c% (W M'M"é—rl‘x HX) H%>
©trec, (g Cet)



Q_Piiw\a.\ - P otametin (99 coclss

Thee s a dass o{ 2. codes called Celdinbunl - Daon - Sheane coden ek come e
Por X'{'gﬁ)e (b“’—?\;?) ownd. Z/J%PC (PW—@@ SRR Se?am\-e:lj_

_W\ﬁ ot onshructed, P‘bvv{, fwo clacgial cocles Cx,c% (W- Ahredle-matrix Hy, H’°>

\ 1
<t Cx < C% (“Lﬁ(""‘“' Cz < CX\)- - odurds o Cy n
I ZOI&
. = Mn, | w N dy = mi
2T el S el e
Where, loo\ = Mmin \L/Muo’[
S wey |

4
Clustin, of C, relabed by ackbing Cy .



Q_Piiw\a.\ - P otametin (99 coclss

Thee s a dass o{ 2. codes called Celdinbunl - Daon - Sheane coden ek come e
Por X'{'gﬁ)e (b“’—?\;?) ownd. Z/J%PC (PW—@@ SRR Se?am\-e:lj_

_W\ﬁ ot onshructed, P‘bvv{, fwo clacgial cocles Cx,c% (W- Ahredle-matrix Hy, H’°>

t CeC, (egme (G0

o, = v [l d, = mi
4 wécz I C’K l X WW;{(\Z"X lWlC%‘L

LAJ\AUQ loo\ = in \w+w’[

S w'ey '

d = mia idﬁ]digl

= Cocthuada OP C, .

Jo ‘Sn

4
Clustin, of C, relabed by ackbing Cy .



B(Pamqaﬁ CSS codes

S\m\ ler o dossical &Kwnf)l& we. Cvisden Cooles Hraod
Pﬂ)?@(}j (H/\od’ P %g < Em, “Hf\lﬂ/\, 6\’\’]/\()’1,

@ lyles ¢ cen o
@ [%\Ci}' > C,n .



B(Pamqaﬁ CSS codes

Swler o dessical cmele) we. Gvisiden uoles Hhet
oot e propecty Ak P IHyl 2 em Hun eten
®© \SKQQ ¢ cen of

@) [%\c;} > e,

AV\&I iP we s de, a ;O%— lowbe)/\ugxi
elute OF ‘H/LL CUgQ_L/S \OCCLL HaM‘\L'\'OV\'\o»/\)
Wtemuhf\g in e Z - basis é{e,\&s a
O{\'s‘\“. 99.5¢C S\u‘)?n{\\—ei OV,



e ntochishy privcile

20173



e ntochishy privcile




The wncortuinty princigle
All it romeias 4o drow 15 Hhat e

af,\'s‘h'\\oyér{% & wiot %2 C,ovmwv&mjf‘w'l on OW_v&
14 cduste.

Y

Lc

O™



The wncortuinty princigle
All it romeias 4o drow 15 Hhat e

Of,\s‘fﬂ\ow\‘\% < wo+ ﬁﬁ? COW(X/V&TQ}"L@Q o, OW_VK
1 cduslon, = st & ardl "S’Fﬁﬂmg (/M q00>



The !M“@;c\;\l ’?Qh&i?\_&
All et roveins 4o drow 15 Hhat e
Gf,\s‘fn\ow\wowb & wiot %‘Z C,ovm,ﬁmjf‘u’i on O\f\f_v&

4 cduslor, = st s adl - S’Fﬁﬂmg (/M EB’J)
> C,\r‘c_uu‘\— O&,Péﬂm ouL \OOLM\%



The !M“@;c\;\l ’?Qh&i?\_&
All et roveins 4o drow 15 Hhat e
Gf,\s‘fn\ow\wowb & wiot %‘Z C,ovm,ﬁmjf‘u’i on O\f\f_v&

1 custern, = st (s andl —g?pm% (/u QOO) Icch
> C,\T‘C.\A;l— O&JP%/\' \OI/LUI \C)OLM\%

\/(mce,rJra_m‘l:i ’\)ﬂﬂ&] C Tor ses SN i 1% any stile Vot @[\'d‘&\bx;ﬁb—}

‘DX(T> < Qm +\/ ——AIS;JTI



The !M“@;c\;\l ’FQN‘A?\_&
All et roveins 4o drow 15 Hhat e
Gf,\s‘fn\ow\wowb & wiot %‘Z C,ovxu,ﬁmjf‘u’i on O\f\/_vi

L
4 custor, = dist (s andl - ?‘\m% (/u 535) CEVL
=> circwt Oebpéﬂm v, e

WC/E,H—GU’\B ?ﬁﬂC’]F F?* s QTC EO 1% DW\ S_\?(,_tb \P (AJK\'I/\ d\'d"&\bx;b%

‘DX(T> < Qm +\{ ——AIS;JTI

ASSU\W\L D% s 251612 comCettivied  on some 2 - dustin S T '91“% X"Clug(‘f)\,
T DT)<oft = ik Doof D it well-spread



\/{-V\CE,H—GLV\B ’\)ﬂ‘ﬂcll?lﬂ,f Fgr s QLTQ EO[]‘EVL ) ay\j S‘\"&d——b &P (AJ1<\1/\ O[\'S'{‘L\DX;D%

DX(T> < Qm +\/ _l§_\27111

Assume, D% b 2L comcedded on some Z-cdwstin S, T '91“% X~ cluslon
T DT)<oft = ik Doof D it well-spread



__smm;_}_x poncigle

CM
5] ¢ Qf;) 5 O™
L) ®
@

\/(mce,rJra_m‘l:i ?ﬂﬂm C Tor ses SN EO@ any stile Vot d<dT~Dx;D%

D(T) < Qm +\{ _l§_\27111

ASSU\W\L D% s 251612 comCettivied  on some 2 - dustin S T '91“% X"Clug(‘f)\,
T DT)<oft = ik Doof D it well-spread



M
—
|g[ d * P + O\ n.> O @
= .9,
<O(\:vf)> o
RS

Lc

O™

x G T¢ EO@ any st P owodta ol\'dm\bx,ﬁb%
\/(mce,rJra;m‘l:i ?ﬂ'ﬂc]P Tor sk

[S1- 1]
‘DX(T> < Qm +\{ o

T _Cn X"'dug@\:
Ass D, s N2 comcodied on some Z-custin S. YN '9 f&
U\, 2 < | )
l ) C >< .19 = C v ®x oY (D% 5 el SZD(‘C’, .
) X



Y

(r.vf) =
o rap o
[Tl 2 22 —\—C)(\]—s—’w) QICIEVL

WC@H—Q\“B ?ﬂ'ﬂc]P F?* s QTC EO 1% DW\ S_\YJ(,_Q \P (AJK\'I/\ d\'d"g\\bx;b%

D(T) < Qm +\{ _l§_\27111

ASSU\W\L D% s 251612 comCettivied  on some 2 - dustin S T '91“% X"Clug(‘f)\,
T DT)<oft = ik Doof D it well-spread



e untochihy privcile

|S[ z d >. ™ f‘+O YL>
00:“') L/QV-\J =

votee s, Cx )

[T\ Z 22 +C)(\]—g—>w)

WC@H—Q\“B ?ﬂ'ﬂc]P F?* S QTC EO 1% DW\ S_\YJ(,_Q \P (AJK\'I/\ d\'d"g\\bx;b%

D(T) < Qm +\{ _l§_\27111

ASSU\W\L D% s 251612 comCetivitd  on some 2 - dustin S e '91“% X"Clug(‘f)\,
T DT)<oft = i Doof D it well-spread



R+G + ONEw) -1,

ka ‘t\ﬁ ?m§& DXCT)éQ\J_’\:%"—i

|S[ z d >. ™ f‘+O YL>
00:“') L/QV-\J =

mm "d‘g\'

[T\ Z 22 +C)(\]—g—>w)

WC@H—Q\“B ?ﬂ'ﬂc]P F?* S QTC EO 1% DW\ S_\YJ(,_Q \P (AJK\'I/\ d\'d"g\\bx;b%

D(T) < Qm +\{ _l§_\27111

ASSU\W\L D% s 251612 comCetivitd  on some 2 - dustin S e '91“% X"Clug(‘f)\,
T DT)<oft = i Doof D it well-spread



Tre h'\;\x ?—Qﬂc-l?l-& D) o5 +

B _ | —l -\—O@-ZV\)
lglé<n>.2x p P+O YL> = ?-{—l /\\
o(c“) LA~ Codh ile,
ot s, G &)
[T\ Z 22"'0(\]—;“)

W%H—a_mﬁi '\)ﬁﬂ@]? F?* S QTC EO 1% DW\ S_\"G(,_tb \P (AJK\'I/\ d\'s‘%&\bx;b%

D(T) < Qm +\{ _l§_\27111

ASSU\W\L D% s 251612 comCetivitd  on some 2 - dustin S e '@F% X"Clug(‘f)\,
T DT)<oft = i Doof D it well-spread



_ 7l 5+§ + OJEw) -
The !Mﬂmi“ﬁ »-{)_g_n_g,_{?l_e‘ D’(Cﬂ - Q\i_ﬂ_ojS 2 K

|S] £ < 4 > Qfx P+O n,> = —S,_-+ l’kfl\+ OG.ZV\)
0~) A - Coc vits,
Vot s, Cx o)

S0 10 €< 0(L) | A D(T)<0.4.

[T\ Z 22 +C)(\]—g—>w)

W%H—a_mﬁi '\)ﬁﬂ@]? F?* S QTC EO 1% DW\ S_\"G(,_tb \P (AJK\'I/\ d\'s‘%&\bx;b%

D(T) < Qm +\{ _l§_\27111

ASSU\W\L D% s 251612 comCetivitd  on some 2 - dustin S e '@F% X"Clug(‘f)\,
T DT)<oft = i Doof D it well-spread



COﬂollu3m4o"\ +Vu., 'Pf_og{\

C3S wele 0? linecc —~ule, om} neoe = distence, vndh e, e,x?m%\?\é e NICTS .

e H:LVMN'%‘L/M /Llj Conghrudion, (e Se pron ﬁ grall M‘BQM
OQ’H’V« icvzare \OU\N& ’X)% o So\}ﬁs% Thane C‘c)mé'\m



cbnclm'nm;o"\ the, 'Pf_b_a?

C3SS coele 0? lineos e, ond Linese = cbistunce, Widn are ex?m%\?\ ere. NCTS .

e H:LVMN'%‘L/M /Llj Conghrudion, (e Se pron ﬁ grall M‘BQM
OQ’H’V« icvzare \OU\N& ’X)% o So\}ﬁs% Thane C‘c)mé'\m

\V\J '\B'r'o%rc,vs o AH \tlf\c,c/f‘—- Q’xu‘“:, (‘/‘r\% ‘—(i/[&i_&v\% C,UOQ,U\S v ML—TS



\Whet's next aftec NLTS

NL—% « a V\Mgﬁ Co N2 OP GZPCP

dhedr coloted e F(Dwm\ 0% obust WA%W %\'ﬂ




\Whet's next aftec NLTS

NL—% « a V\Mgﬁ Co N2 OP GZPCP

dhedr coloted e F(Dw,w\ 0% obust W%W %\'ﬂ

N et S‘rﬁf)t 'lm\-ﬂ)cim(,a, W&\'oml ‘r\<9 NLTS HQM( N‘D/L«M
o CQ,P:\\J\L NP Cor MA> C,ow/\/\?wbck—z‘ow%-



\Whet's next aftec NLTS

Cmifamk-czﬂf&k g] Ceeeish wéwfr oL 36 R ?m}\ou, N[ rf\g
o€ dhe %mw%-{m%



\Whet's next aftec NLTS

Cm&,&--c&f&k % Ciceeash wéwfr oL 56 iz ?msl\ou, N fﬂg

o€ dhe %mw%-{m%
Dler. eremplin e Sl Creits, Some (,_mciv«i\:\:s Codtmatible fomns de.
or so\w?lm,é\efa[wﬁab\z, Srates ([wweigm Te G\ 211 ™MA w\Ws>



\Whet's next aftec NLTS

mer-cafak
Q{. Cieessh  ore st e 9\ W |
0€ m é\ ' d /6 /ﬂ ?0‘(9\01{, I\)? ’f/g
O«NJ\, ¢ : |
ML{/\ nchdle SM.OP@"LS/ Some_ (,’Fndmi\jﬂ \
- gmw\?l%g\&-_ N Covsbrnesh ble. +wvs{ﬂ/5} Jge.
%\Mﬁ Sratens ([Cr\/\w&gwu\‘ 76 CTJl ')—\1 ™MA W\W§>

(U S VO S S W S Y I

d inle v, ned o ove lovuh,
(F Conratent AN

LY L v vua vy vy

looweln %1 Ho ’Qolbw(/\é onse; J,ﬁr_ﬁj
CNPPel et
]V U U Yy




