Co Mfutaba'b'tj in ijgn‘ﬁ

We have geen thalt we can learn
interesCing Things aboul physicel systems
Lrom C—omp/exia fh!orj. (53

OMA - hordness of Local Hoamiltonian
— Jlas‘sj behavion~. Aund There are
W\GV\J othor exo\m'al,e;, nwot d‘ur‘b In
IN\MJ- b’dj qMM't'MM ij;,’;; !)

What oaboul eom,ou't'abflffy 'H\eay?
o Ly |

There ow~e Lewer results, bult there
ar-f Some nice ownes. We're 501‘Aj

fo see two oxamples, one classical,
one ciuaw\)‘;uw\.

Note. A“ﬁ Mm'outa'bidnal ,Omblem

O a Cinile aAumber~ of uslances

‘s cdeecidable .

Exercise. Prove this!

—> ITh oan umda,bv'dqé.'l.'b resull,

tker’e MuUs ée own 00 Sdnevkere.

Undecdabi L,'i:y ~esSults  necessanri Ly
concern Sowme Form of Meal«v':eo’,

o0 bmit of a Péy.ﬁ'c@[ 5 ys tem,



Butl oleep down, all Physics ~esults
are oabout idealised wmodels of The

Peal wur’o’ ,

Undﬂ.c,,'olabc'uty N Soml ;le;SeJ oo Limit
i-Jpn'cal-ly implies some “echo" of
undeesdable behayiour manifests
'Pavl' V\dn'fo{eﬂln'-“’d, \C’fn te coses,

Keep o lpokout For where the o®
comes inlo our Qkaw\FMJ!

EXa.Mple 1
Uanee.'o‘ab.‘L.'iy of H'o\tt‘:‘:lj!

A TM s Ssomet L\?v YJov can
construect 'n the real world

Hali‘fv:’ s a natwural quest fen
abo\at 21 o(Jv\ am|Cs ,

Omlj |‘0{eato'sai’fdm 'S o0 ta,oe.
( Where K Cowmes in !)

Can keef qalo(;‘g more Secttons of
tage o needed ~ o q”wm.h o .

Let’s SeQ Seme @xxawmp les of
und Qh'dqbl'u%j in (some wkaf) w o /~@
natural phyTical systems..,



Classical Exampie_

_F_"a:rt'fcle ‘afjnamrc.s A 3D
Cchris Meoore, ’90]

va\oxle kOI"Seere map

C[N';s'g‘c exaw\'bf& of ob\aoﬁt‘e O(JMM:'“.
"Stretel and fold" square onto 3elf:




Fom~ convenience, consider variont
cxlled the bakers mq'p:

77}_/4—#*01\\

: iy

\ \
Only difference s [eft side fsn<
”'Fl.llpped“l

For' \erbher Canve,nfence, Jon't draw
secl fons ou'hiole Squonr e £ c/o;e u,o
gaps inside Ssgnare  in a{:‘v rOm s |

1 £
— o |1




What lf\qf'oe.ms when we itTerote f 7

:; £ |10 11 £
oK — - - |oDjet|to)11| ——=->

Eoclh teration of map shifts onme
dn‘ait of vertical coordinate o
horigontal coordinate .

\,\/Pié'e hor'l'}On‘t’ﬁL/Veftl‘eaL Caoi‘o{fMQtQS
of P&?nt within :7uare Cl'v\ lo;v\w:y>

befort /after decimal peint
( hori 2, coordinate ™ "reverse", wost
sfgniFv'CM-t o't last :
(=,y) = (0., %, %5, 0. 9.91y;-)
b
n LR I N LT
Then each teratjon of wrap sh/fts
decimel Pm‘v\t one S'l‘ef b the *‘fjhi‘;
+ (Jc,j> = o (n)
132 — (9,14

n; 3 n; ¢

o- . {0



Formally, have b\omoMar,oha';m € betueen
bakenr's vap R b,‘nacy shift wmap:

(x13> —ﬁ_b 'F(";3>

qJ/ lce

N - o~Cn)

.F--; __:\, a_-1 sb\,’\ctj‘ ‘n other d.‘rec’tion.

Mote! ¥ we put ':,«Ps“ be t ween
v—€gions back in , See that we're
consioderin action of baker's map on
the 2D CTan L o~ Set ,



Generolised Shift wmap

Cons der more Jememt rap o
bi-infinte binew~y strings, of Yo rm !

J: [0 — (01

" — o e n)

o= = shift map, ar before

FE i fouh— 2 , hRcea

Extend b {o, 1}2 L_y ac‘f',‘nj
On!j on the h digits after decimal
'oo;mf , /e.aw":‘) rest wnc,har”ed

T ells us how much o shift &
| A which o(,‘recl-wn, olefenol ?9 on
Cnrte = ol:‘g:'és af Fer oleci-Mal Pe?nt‘.
¢ : Lo — o3 , t<w

E’U/"“\J ti {0;732 SI.MI.Z‘PE L G
Rgplqce; ! d@;ﬁs atf¥er deeimal Pd:‘nt

with new ones,



Do general;‘sed shhift wraps cprr—e,?onol
to some Mafpu'vy o'F un't s’uare?

Yes |

= ln) ,
o shift corre:/ouds +vo S"l‘re‘éch;nﬁ
R ‘Coldv‘v:j, as before, RBut uew
different reqisns get st ~et ched
R Colded o} farent amowmnts
(R thn either hon 2 /Vert direction
olefer\dl'lﬂj on Sgn of F).

G- () corresponols To Swegpin
re;y?ens of Yhe s,um.f 7

E.9. Flo)=+1, F(D=-1
) =1, 6(1) =0
0.1 1.1 5
b C ,'
— — — ' D
! |
o0 @ 1.0 “
; R




Levamo

AV\J ‘9QV\QPO\HSQJ FL\I'-F't Mﬂf Ts
homomorphic T a plece-wise ma
(w ith e \CM:‘ te *H cow\f; oneny 5 ) of

¥he 20 Cantor~ set onto itself.

Coww ery Q«!y’ anj C 2 owr~-ea - Pre ;el‘w'nj
ol €f eom or P hissm of IRz ,Dre;erw'vy
the 2D Cowlor set s homomor,ohrc
h a jef\erql 'Sed shi€t Wld,o.

Proof :  Ex ertise.

( O see [ Moore ’997)

6’2\’\0.1‘%“516’ :L\IF‘t W‘aps are d’w.;t
Tuu-iv:] Mochines in disJu.'.re.‘



Lermma CCL\M&A-YM:J Hasty Yo 6.5.)
¢S maps ore rwfnd-equivqlﬁn’l’.
El‘oof
™M (Q, 2, §).

Represent each element of QU T
bj a o{";'l'f'nct binar S'ﬁ'h‘ry.
Reff"efent bloni sym-bjol Lel bj 0.

Re,ohesent tafe + head pes. + state as
concotenatiom of +Fhese s?"m‘vs‘.

Put string For g €@ ?Mmeol;a'le‘[] afte,
decimal point, stm'nj for tape sjmbol
o~ € 5 lhead s cuﬂ'ﬁv\'bb ovenr
?MMeJ}a'l‘Q./} af¥er this.

TO«PQ Is lett of haad goes betore
de cima | f&?ni’,‘ i‘a/oe 7 right of
head goes fo PiJht of decima (
Poinf, after g R o,

n - x-d = d:}a.;a:,o 70; L T

G"Cja"'jh> = (g,a") fw'b of 5(0;, 0",)

"

FCyy - ) D porl of 8(g, o)
where L = -1 R 9+

i



Let ¢, be 6.5 mag  Corresp onding
b Universal TM,

Def. 6. S. Rewkab.'b.'i:j Problem

Tnput: point  (ax,y) in un,t square,
Finite ;ubrfgrov\ R C un't S‘;.

auf‘fmt’:
YES if c*g) ever Jonds within R
when i'f;eraéiy d, -

NDO otherwise

YR

G- S. Reqr.b\ab,'u‘i’j is undecidable .

Prgof
que C:(,j)

m

x-‘j = 0. 100'10-1...0-‘”

R = r%jian co.n'iqim‘vg point s
0. 9, O, &

G.S. Reaobabi&'i:] 's equivelent
ho Hnl"'fﬂj PMbIQM Cor UTAM on
fnput oy 0y - Ty

O



Eow-—fl'de in a 3D box

S end pwt:‘ole up wards T’Awovh

Uil t Sguare .
/ |

Armut?e plonar "irrors'  around Square
$o Fow'f\'cle refu'l'eo(lj gees back Hmu:]h

Squ\awe '

A
s




Sam@e;?nj £ S'l‘z'f‘efcrb\:'mj (E r(n)) O'F
o IU\EI\UI'OV\ C':’ c-F‘“, can be
implemented bj faro\holic refleetlors.

Eg 5'7\»23&; v\J H

(T

Exchonging Subreg ons can be EMflementea/
bj L‘A\garj reF'/e‘Z'éar-s'-

—
Sy

X A

—""—> 6'(!!\)




Cambiniv o Cinite # of reflecters,
con fw)olﬂment ¢'“Cn) = O"F(“ ( 6-(n))
for wuniverseal G6-.S. map ?u-

Put +he wihole 'é"\h:tj mside a box,
with a Ao[e in The bo'FtOW\ wnde
region correspending a9, € @,

R hele in The 13,57 above redion

Co rrerponoln‘rw t 7,_- € &R

Def  Dees-jt-come —out -the-box probles
Thput i positien C(x,y) within boFtom hole
0u'waL' !

YES f particle entering box at (;L.i:

r'la\ﬂ'nj MPWAPJS eventuallj e.x.'ts X

NO otherwise

Thw
Does - £~ come—outl-the ~bex froé/em
1§ und ec dable.

P"oe‘F

Eq'v.'.vafev\f' te 6.5 Rzacqub.‘l,iiy Praélem
Cr @, (vhich we'w seen s
eyvu'valev\t Yo quf;nj).

Exercise: Where's the o Lu‘d.‘v here ?




Wwhotl physics do we learn From this]

Shift wap s clossic example of
chootic alquwu‘cs.

If n, v ol Ffer onfy after KR'th
decimal place | < 27k,

)

In=n'l

| ofCn) -otCniy| = 2t

|n=n'l

—_ eatfovmnéfa”) 3raw;nj d?vergence -G'ow\
arbu'frahf‘ly swall diPferences 'n
‘nibial st ate (Bvl'thP'Pb effect)

If ow\‘l) know nitial S'ta'be 1o -F.'m'i‘e
precision £, ecanngt prediet edynomics
/ne\y end Cime ~ lf} (1/‘_) .

On the other haund, f we Rnew

;'A,"bo'&( 5'/‘0\7"8 e’:actlj, cCan ff‘le&'t
O{JA&M I.C,s )Der pog*’j t+o trwme = oo,



.5, wap typically divemes less -fast,
as :awc':'bn'm‘zs S'L\JI-F'L’S r-gki’ Sovae i meg

(eft.

Mfdkt QuFect initial states to
A:‘ver‘ge as§ NV Zﬁ_ rother Than Zt.

MHowever, 6.5. dJnAM};; ‘s _harde~
te omoll]:e than chaotre o!)maw\ic:,

Even T we Rnow initral stete
fexacf/y_ ) Mndea'olaé.'ai"j Tth‘e;
w e Cannol fr‘ea'n‘ct the Ffuture
o{jnaw\;cs.

TIn fack, almos? all ,oroferfl‘e.r of the
J\ywaw\m; ore uhcomfu‘taé/e:

lcyqfwiov ex,oonoai‘:, Frxed points /gyc/e:,
basing of ottractton, ete,

(lt:j Rices Thm.)

s Qumh’f’af;'ve‘lj Q{I“F'Fefent ‘éjfe o\
com,n/ex c‘[]mqm?cs Yhan chaetie



Pewticle DJV\O\MI'&S in Smoeth Potential

PMt agf’ éack be'bwc&n &kz f'egl'OV\j‘
I A +L~e Unft 57“”‘2 R Cl’“fng I JGPS'
with €% fLunctiong

—) Swmooth CCd) 2D fo',‘em'éi‘at

exce,of for v—g&,‘gn; thqns{grmed
bj ~ve FCn) + GCn) substitutlons,

Ewmbed intp 3D manifold
—) Smooth (C”> 3D Fo‘f‘entl‘q{,

(See, CMoore '91] Lor d&fad&)



QO van?t v Examf_l_e_

Mndeoiolab.‘utj of the Spectral Gop

Cons der tronglat i'onal.lj invowr ent
Homiltenions with nearest - ne,idk bour
interac Eions on a 2D 5'90141'2 (a't"t ice

of siae £ !
HCL) — Z t\;.
<D J

t'J : 1 ws L

he P Cc% c’)

Pkase 'L‘hans-‘fu‘am occu~ winen ;,oec'l-ml
9ap between arownd stote £ exe'ted
ctotes vonishep ,

Finite o/menstonal wmatrmxa =
=) Jr‘ch-e‘ée S,Oeyf'rum

= spectral gap >0 for ol FinikL
—3 L.terecsted in fhermaabr\aw\ic
L;M;t L —* w-

HU\J@/ qmotﬂ\t O'F 7,. Mﬂo‘-mdb concerng
sfaof'raL 34,75. MOU :‘Mparfqnf, [gv:’-
stonding open problems, e 9.

« Haldotne gap ca»d'gbture (10 spin-1 Heuméery)
+ Existence of tepological spin-liquid phase
v Yong ~Mills mass-gop problem ($10°)



Def. Sfcc,i'raL JeP
A CRW) = A, (He) — 2, (He))

Seco ng{jmaﬂ-ﬁ 1 min, eraL.
Ql'g VMZ.

sz, G-QPP ed

Will se H s -Jﬁf;ﬁ_‘.i £
AL, § >0 st VW L>L,

® HCL) ha; 3477_14_(_2 J/‘Ouruf sta.t’e
. A (Hey) > S,

S',oeot'ra[ ‘70’0 oF M is then

ACH):= bm A(HCL) 36
L=—o®

T f L v e&;sfs.

_D_e_f. G'o,oless

Wil $a‘y I+ 'S _&Sf_@ v f
Veec 0 3IL,>0 st VL>,
any peint in interval [A,, A, te]
(“here A, = A, CH(L))) s within £
of Sowe eigval. of H (L),

I.e. H s jaflecs € T has continuous
spaclium above the g5, in thermedyname
Limc T,



Note. ':?qfle,s;“ s nol defimed as the
negatien of '(’74”24“ here.

There are Homiltonians that ore

ne ither Jdﬁoeo’ Nor Ja.f’eﬁ' qccord-'nj
te tChese Defs. &E.9. degencrate 955
with gep above .

H'ewev%' d,‘sa”ow:‘vy S‘tada amLyuou;
cajes (= PPOM:‘I@) W'{y makes our
undecidability resalt s¥roenger .

>m
‘>

Jaf,oEJ 3q'o(,e,ss



L)_gf SPQC'#M( GOP Proé[er, |
Infut'-' h e M,F (/A)G(‘ dixd? mol rices with

abﬂbﬂllc Mq,tf;x G,km_gl

Promize: H = Z hi; s either

Jaf,ouf or gapless Cby abive Defs)
Oulput. YES if Jaffed
NO other wise
Critical 7o vrestnet wmalrltst elems, of
h e al [e,a,t be COM’OHta‘/-(’ o
problewn s Fmuially undecr dable as

Yyowu can Never eeven cahfu'f‘e wh ot
the Hami [tenTan ' S, let alone it's

s,oed’ ral gp |

FOP SlMllﬁr P&ﬁfﬂﬂ, tmtfea( H is
desen bed by Cin'te amount of data,

ok h&l‘e a3 H 'S MMI [&‘/'le“ab Mvaﬁan*.

Thwm [Cubitt, Perez-Goarcla, Wolf 20157

The S)oe,atra( G-op Problewm is undeeiduble
for all o 2 a Fixed (huge!) value d,.



ﬁ"_o_‘!.f ("M,W‘esﬁonfst ske+¢h!)

Tdea:

Use hn‘s"l:or_y state anod)v\ﬁ oFf
evoluti on of cirewit thetss e?w‘v,
te wvanvertal Tm»,'mj Mo ch ' e

-+ enef:” penaltj ON L\q['h'nj S‘ba't‘e
—> B = Ry v M 19 X5
ef. Oufﬁut Paﬂalf)

l'.v\ K H? ey

1
l'S?<a> = ,/T_' % “*#> [+ Const e d ) dn

[Me> = g 7 1~> 1T>

Problems :

v Need 1o enegole 20 uniform ercut fam;!/

€ 0 time —evolution
(ofFherw’se i’h'w‘ul‘(y dec/dable )

‘ H "'b\MJeS nown -'t'h‘\n‘o\llj as Circul
s)2e GM@Q;.

. M Jeﬁ'n"fely nol t"‘o»n)[a't‘fo-ﬂa@ - IAV.
nwro;t—ne{,hbou.r on ZD [q-[-'bice,

1
+ ACKCOY)) ~ palyln)
H always gapless = trivially de cidlable.



But have another, nicer, wvniforw
w dedel af comyf whreabron:
(quantum) Twhﬂj chA inef,

Ldeo '
Encede euwdlubion of QTM in

l‘\u's‘tocy :'tot'f?e, instead of circmt.

This Jlolea+ ~30 pages of bhord werk

— @MAEXP-lnw-Jnes‘; of Loecal H.
problern on 1D 'bf‘aM:Lat‘fdM”j -y,
neoarest ~ne,f;9A bour Sp in cha'n.

[ Gott esman R Iran; 2009]

G'et 10 + treans. tnv., + nearest "'\&idhbour
Cor "Free” From Ffaclt that QTHM

tape s 1D, ‘troncifien rules don't
de,AenJ on where head s located,

R on‘lj snvolve head + t’Qfe, cell undepr 't

M owrd Pw-t s  eucedin aTM T
lm‘rbof:y state H 17 Grel place!

= N 1 PaJes' ro reds G-I cdm‘i'ructa'm
because we need oifferent
Pﬁopep'i-re: 'For c,omfut'abf&'fj
r~ather~ than caw\flex;"t:j results



Problﬁgn_s

1. Mow odlo you initiolrse .‘nfu't To QTM?
(G-I wuse chain (ength in a clever
woy. RBut Lor~ ;fec'h‘al gap poblem
we're in Therm od‘y ravaic Lmit.
choin length — oo, )

2, H olways gopless = 'i’ﬁ'w‘allj decidlagle .

1. Meed 1y semehow encode
qrb,"bmrily (arge = inPV\t b'ts into
finte # mablrix elems. of h.

Then somehow "extract thi

K"M“ ;f as ;nf)v\t lo unfv&l‘;a[
T Quncaded in L\rrtoﬁy state.

T oea

Encode ?nput as bin digits of a
phase fo-ramate,f (44 }:vh. J

Use c‘, fh«ﬁ:e - estimatiron qlJom' thm
(erceded in QTM h.‘s'Z‘o-'j rfate
conslruction) T extract ¢ .

F eed qubpul of Phﬂre'eftimif;"\ QTM
as inpul To wuniversal TM  (ail
anoleoi In l’\l\s-tafj Stat’e ¢9"|‘t"'ﬂct"0’\>-



Need Pka;e estimation QTM with
Feculiar fr-o,cer‘/’.'es To wake +thi's
‘dee work ! need exaet (ie. O-error)

phase st imalion VY @ €  thal rung
with O space over heod

(Comes close 1o condrudiewéinj some

old no-ge Thwms !)

—> ~ 30 pages % prove ( by exP/.‘c;t
construe tion!) thaet Phase -
estimoation QTM with these
prope~¥ies exists.

Pr'oblew\ ]
Z. H always ‘7AP[€IJ‘ = +h‘v?al_lj decvdnble

T.J_ea:

(Xnspired Lj classical wu~decidab: it
of T.’/n'ﬂj proefs From '6054'-?0:3

G- o 7"0 Z»D £ thse qf&";odfc t,‘liv
to  ‘place” non-2ero density of

Fha;e- eslbivalion QT M+ UTM
lﬂf:tﬂ’:y state Hom (tenlans O‘F el
‘pinii‘e cheln lehjthf, all ”PW‘"'-"]“
on some Ipha.re ¢ .

(But do +his 'Fu’lg trans, invqrn'anfg.'>



Short choin /ev'bhs where wnol
enovh ran-time To Finish UTM
ww\,o utotion coentribute =0 enew.

Chou‘n /enj ths where Aave M"Ul"
Fan =% me 2 halt contri bute
Qne Ole l"ﬁ E > O

Dy ==abEy. S
CHAOMJ h E,. WA COmp utab/j swmall !)

— J!f- a'\ﬁd"jy ~ L%
(i.e. /700 instead of \0 os b@%"e!)

—— ~ 10 Pﬁdes o pre ve v»e.qvu'rea‘
PPDf@,ft e s e'F a\Fef‘.;ooliC 'f‘l'[.'nj
due B [Robinsen '21]

Proélem:

G-ives undec?oqﬂbfb'b of o'ec—c‘diy f
E-P =0 or >0

(But neo prOm.’se bounda'w\g t? awaJ
From O éy £inte const, in

> O ca:&.)



L dea

"G lue" TI'“:\) + QTM + UTM ml
fgjeﬂweh wi th J:‘mee aaffd R
j&ﬁ[&!}‘ MHoamiltonians , in Such a way
Ehat continuous spectrum /¢
”FUL!AQJ " wp Lj e""‘&} /” In H’a'*.‘nj
cofe , b reveal yofped rpecfrw«\.

—> ~ 30 poges To 5'\49 all Fou-‘b;
of censtruckion fogethe~ £ prove
re:,uireo‘ spec‘f'ral P"OPQF'HeS.

0

(5ee, Supplament’o«rj Moaoterial
to MNoature peper for extended,

L\T‘jk'tevel overview of construection

& proof,

Available as unc.'“fafy file ol
arXiv: 1602, 04135,

See oarXiv:1502.04823 for full
(127 -page!) proct. )



Whot physics do we learn from this?

Coannot hove o0 (att fece (E in'Pn'n,'éefj
lo\rae S'aw\flc of Mol’zﬁ'al‘,) in  lob,

—3 Coawnnol see undeu'alab.‘ubj per Se.

But see "echss" eof undecerdability
in  physics Ehol in prineiple /3
eaqo ﬂ»/‘lment'q.a\y ecc eSS b/e

o Suvoden cka«nje in  spectrum o8
J»auMA stote at or~b, tmml) lawve
@W\:be (af"é'lce sr2e.

( Sizge~cdriven “phase trans, L on )

= =

Cr'ea't e ;aw.,ale, olauét(’ raﬂ,le S‘u?e‘
MEAS U~ —) Japlcrs o s~ = Japlers

_—_ ¥

etau on moré row of afans
me o ur~g ~— Jqlnpedl.

Uhdeciolobiutj > ;MpeSS‘I'Ue To predict
if eand when trensition eccuwrs.

Threshold lattice size uncomputably lange .

Ne,v&l‘ kww ."F u'v\rf' one wmore o\fdw\ woulJ
w,...f,le‘f‘elj change physics |



'Mncow\fwtab@ fractal phase o‘—.‘ugmw\s.

F:‘no‘ Jqf'oed pain'bs
»b;tm.'b close T
9aplags points in
PL\ME o(l"@"‘"\.

And yarlen fa.'n-[:s‘
orbitrarily close Ty
3qued fo ;‘n"‘l‘.

Moving arbibronrily
Smoall distance in
phase al;aJMM ol~ves
Sysbeam through
hoony p‘mse rang Eiong,

Fractal phase eram: we l[- Rnown
LA und-mat CeJ Hof;tﬁdter butteff.lj),

T‘\fs s o 7ua“qul‘vefy diEF erent
Cumcdm/;u'tqb/e) ‘bee of cow'o/ex phase
dl'evraw\.

(Ce. genernlised shift dynamics us.
chaoltic o{yno\w\'ncs.)



* Open up ?ntr'l'gw‘na posso‘éo'(n't)
( but coOmes noewhere elose To
prov-‘njf) seme of big epen probloms
in thesretrieal P‘g:f:—; may be
undeerdable ( Haldone wnuu'lrur?,
Vay -Mf'”_f . )

However, these oare Single instances,

not o0 Fam lies of problens

=) Cannel be Ca’jom"ﬂ’\'\ﬂff—alg)
undecidable .

Would need 1o strengthen techniques
o Phove et/ owmal c ;nde'dﬁndevme e
;Pecu"Pf'e, Phdsfoal{y relevant ‘nstancesr

e——at) Neeo’; new t‘eo‘\na'vuer-

(C‘F : Godel's 2nd INComp letenesrs Thm
vs. 1st incompleteness Thm.)

o Ulndza‘aﬁaé;'kby of sfeci'ml gap
consltruet 'on
= undecidability of any  propecty that
dn‘s'f,'ngu\;gker Jqued Systems with
uni7ue, frﬁalmcf a.r. 'Prpm 3af[erj
ry;t’ems‘ (’-3 R.‘ce's Thm. Cor Ceud-wmt)".

- ;,Decbral gap
— decoy of g.5. ecorrelation functions



Open Problows
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