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Det) LCIP: Gien bg &C\l E) o congirgut am?/k\? S: ﬂii“i@:\ﬁaze
Ay ossgment s 6°¢ \lei Conhrats are 3Cec T xS | e R,

o sefisfis age e=(UW) T (GG, ) € Ce, The we of o
Vo) = Frockion of conttrints safisfed = f‘\E_k (# of edges wofisiied byo),

OPTC60 = mox3 Vel (o33, &op &)= (- OPTC&.
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completeness (¢ s sofisfable = OPT(h)={) and coundness (¢ is




unsafi fable = OPT(&)< 0., gop >0l ),
Tdea Plek %“Co\oﬁ\\% foc d, which s cxhe&(ﬂa a J-CSP.

Al e NP-C.» CemP\e‘Vet\eSg . %ag((ﬁ =0, Soundress’ % colov“\x\%r
of 8MP\\ (:() 3 o vlolated Qd%% = %QP(@(\E ‘[\E[ &J@)‘hmﬁ"ﬁfﬂggs

Tden’ el o serfey of ceducfions to anglify £he gop fo, say, 0.l

The Redudon’, frial & ] — | wbms o ]

s vepent £its reduction 6@0& ) e, stocfing Seom 3-CO (&), Then,

Size(GF) = ¢y - FO%Q\X while 9o N cxW\Pﬁﬁed,
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30 1 | | ° al
bk e L B ek df“ :5: 3 y
3ap(6)=54,, e -
~ | &%= T40
! e . | o ) }
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a Sigle *dse to each of Ehem. Then, comeck v, o with o degree 3
xpander ot eq;mﬂ?c& conShroants, — % of veefices W (/= % of edges Tn &,
and 4%3(&')= 34| (3 For expandern, L for Shgle edge).
Sound rese Suwoge 9ep( &) > = gl G2 Yo . Call the
seb 30, \No? cloud). Fix any asCigment 573 (6 — T fac &
Defire 5 NEBY =T where TCNY= f&%@?ﬂl‘“) [V eclud (W),
Defite Badui=3 1P| 57C\™) 4 GT0NT, £he verflees nconsivtent tth <quality.
Rroot oF Sundess it o("\a”maﬂ Q&%e (W=D & conskedinks To & Grom &
5 elods (W@—-\®) H\en tker 4) 0" also wielates that consfraint
or 2) TCw# 6Cu™) of 3) GWFEOC), Then 4 of edges
vlelated, by & < 4 of orginol edges violuted by &+ (Badu| (i)
Ao, % of eclae& Jolated by 0> Y |E(.
= o orfginl edges oleted by 67+ T [Badol 2 WE
Coet) W2 TarlE] 2 Y4l sice (B =SA1EL (ome ontet it
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ST &e%q“ee 3 graphs, Tn cloudW), ok least {Bady(/5 equlity
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S all pessitle poirs

E(E)= ECHVEH). Congteants on F are £Wid Ce<Y xT veell.
qap(G)= 8‘*9(63/2 ,

Ga(ich\W\P\—rficaﬁoY\: Gis a (n,d, \)- SPGCJ&FQQ GXFCU\JQV —(5'
[dea. V=N, For pssigoment G, 05\ =7 Wb 6=
“opimion of v on all vectiees upto distice €7 Te, Vw st diskuw<E,
((7 ‘), € which s Vs offion on value on value +o be asgped fou,
|Gew]| < [k g g+ g, Thus, B3V =T Conshraiks are:
E'=3all “&~s+e{$hﬁ§§ WGSie. GHEE @k ae endpsits of a
t-stepwalk b, % e L

Gtay holds optiion o all gectices on the poth, as well as OChy.
Check 75 they axe consistent aloné all veckices on & path AND
Ehot they sofisty the constraints on each edges on the pakh.
Completeness® If 36 Soffsfging (5, then let &' be construcked by T,

Seundress Goal s T gap(6) =, then we wont gap(6)> LY.
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Troot S%mkega" se 07 %o define an assignment o2\ =2, Define
0uli= Pludity 7 600, | V' NCur? (%N means - diskance. el )
Sine gp(&) =27, O Vio lates ¥~ Frackion of ecﬁ%es. let T 1= edges
Glolaked bﬁ\“ 5T CE . Cosder a ‘c—s%eg walk tn G Can ed%e &), TF
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(0to>, 5 Vidates £he E-step wallks. = When a €-step walk
contamns an ed%e WE, the t-step walk Ts vidated. (w.c.p.intuttTuely)

L an expander groph, every sfep ot o walk Ts o “random ec}%e _
LaPr[h\Jt an eo\ae WE o t- ngeF wal. k] ~ |- C \’\t amp of G/

Tormalisme t First, we conarefey deftne “Lrstep walks'
Def) Atter Stepping Random Walk ChSRwY?
1)Pick ve\l vor. 2} Take o condom stepto o (ighbor
) Shop wp Ve, 4) El, goto step Do B Llength of walk]= 4,
Def) Rehye %o{:lomg R&r\dom Walk ( BSRWYS In‘m‘d\a(\&e skeps 200d3
from ASRW, EL length of walf]= £
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1) Distribution of b {nDe = SSRW s‘mr&“m% G WP Ve .

2) Diskributlon of & tn Buu = ASRW sharking ok w.p. Y4 .

3) aand b ave independent.

Consider Duay, sk =[ASRW| ok least steps on(u ], Tk sedisfies Che
dwve 123, Biogme = Biou s — Ouou sy with abuse of nokadion |
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Cof ol f Ystept)
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Foonel, oot Skark with 675 v — '}THM*& G, Oefie oau):=
Plucdlity 3 ©7Co) | bis an exdpeint: of BIRW starking of v A\ dit(b1<te 3

G must vldote the ot of edges T where M( (& 27).
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Obs) TF an AS{Q\}\) o~b b o fudky step, constodiit @ b) T vielated by 67,

P ASRW M « vidated by & T B (3 fuubty skep wsv e oot ]

Define Si= 4 o stepe of o walk Nei= % of seps et are %m&ka ec%e&

Ne= % of fadty steps Tn ASRW. N=N- 45 S<RT. (B=0mI))

=R [dafodhy step uoveawbT=P L7 @7 (chserve Bed N < Ne)
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Qundee et

steps) X430 T o Fualty tepd ] = 2 kePeleh comisgn k1 Be{cwnts o by
Step [ 4 of s\ steps =tf;._j_’ POt = 5w, (GR), = 610 # wansiepe =k ]
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EINCT< ELNY] CECNT= BT A}] where ;=156 sip €73

D 12 3 S EL% D = ECNe]+ 25 River] 2 hiraetivact]
Revinders &g a (0 d \)- eXPo«ﬂﬂr tCE. T](\Qﬂ

Pef G-ty z’cege(’— | £~ s’cef eﬂg l\_E\ + (%\f\ _a CGAR /é‘\‘;‘\*@&\ﬁ

—>£E£Ns1+2ii’ci\ ’c\\cFI Pelof erteosiops > 51 Rl weF [-4heF |

<EB o), = AN O =g e v,

M{JM&RJC Reducton’ GUUE), 2=[2'] . comtrint GuSIxT .

UN € Tt stangs, we want o constank 4 of [its. Consider Ehe TP
verifier thet veads (WWEE and verifies (0w, 5 sadisfies onsteit
U Ths cods 20 B&s now, bk canwe reduce % of bils read? 1
<> Howto check T (otwy, 5(0)) safisfies Cuv by reading < 20 biks
> Solue. by cecurdlon, or, an exporcafial ~sizecl PCP{ Cproot composition)
Recall® For o st C with K bk ingtd, Fo BCP of siae 2 St by
reoding 20 bits of the proof, we can check that 37 s cCny=1 .
GOur etk s Clow, o) = 4550w, 000 sefisfies Co
> Prover gies exp- Srzed froo{j Ehat “ Cteestt Cuv Te satisfiakle’. Ruk (s

(oew,6) sfisfialle T, Cualwy, 600 =4 2



Digeession’, Assigoment Tesfers ( PCP Froximtty Test)
Def) Reduckon %oﬂfchwxl A Q- Qrery fester AT(T>0,2) & a RA P
P2 { Redan Cirst €§ — 3 Consrik Susken [7 of 2) Bolean woctables,
2) AMLHM& Vodables YT, T sofisfes meevﬁeSi
1) TE CON =1 Ehen Y sk, (XN Scﬁ%% oll consheminks ot (1,
N T4 X Ts 3-Far From 00y Salvixxca?ﬂ% o\&%“\%l\wxex&%, £hen 8«\3“‘3} V8.
& N, (YN lolates B-& constravets.
G Checks 1 Y Ts close o o real mﬁs@"ma sluflon to C.

= Now, Vefdher can check W Cu 8 Sostied h& SOW\QH\—(Y}& cloge %o (e, aon)
let E, on error correciing coele)'ﬁo,li&1 1 =38 3™ o4 Hci'fﬁ\%cm E(R)
>0.3. Then, use ECotu) and ECoo) Gk each lngth 100L) end some
modified, Constraint Cly thot diecke 1) scwlsen are valid codewords
and 2 F (00D ECotw safisfies Cue. A proiwithy tester for

C il Ehen give whether (o'tw, Cn) T close fo safisting €/, Rut Tn

He codomain of T, belig clote i eckjwo\let\% fo being ecymfl since every
point Ts SPArR. Thus, Froﬂm"\%g J(esﬁm& cutfices for testing Cuv.

Fix o' V' —{0,§™ Tf gop(6)>€ = AT regsts w-p. S0,



De[%"ur\e 6T0) = neasest codeword oleco({ﬁfg og sCcw < i@,kﬁgb We &oow
Ehad 0w Volateg 80&13(6)COn%’<vaTﬁkS, S\«?Fose Q&%e (UN) 18 vlolocted,
}% o, [hey, teacest codewords to ocw f o'ty Velate Cu.

>0y, 5tn) Ts tar from saiiviyng Cl (Ba vickue of beitg close fo a wrong onel
¥ ey ep Pl ks Pcp

Reduction from Q-CSP =2-C3P: Let B-CSP=38AT. C,,. Cu
oce clavses, Y. Xa are variebles, For(clause ~ vagiable) edge, corstrait
s cov\&"\x)cej(\c& edwean Gi=(aVkVe) and \;=0Qord TF %«?(3 T -
o) =7, gagﬁamﬁ\\é + 5 AT can be ceduced Yo 9 QUecies,

Recull Tor Txp-sized TP for Ciratt-YiT, 4o check 3x sk. Con=|, we
constructed o reduction o a %%SJ(QM of %Lmdro\\‘\kc Q%\\&'ﬁoﬂs . The

proec weote down o Phdamasd e(\cotiif\& of 7 ard 777 where Ehe%
cloqm £hat Z wfisties of of He qrd 2, construcks AT ae desteed.

SPP-Rusd A\g@rw(\w\&

MAXCUT: GUVE) (SR sk [ESSWVE] T madmzed..

Ls can be Eho Wv of ag o CSP that a&ggv\& 30,3 MQmBem\mp fo
= NP-flard 4o &ol\re evatly, how well can we approd imate T



FCP oS thot as 0(\8 os PANP. 38<<l gk, Z” a (1-€)-approx. Lackor,
" we We& a reduction of ((2\13:9—3 (6109 D-CP) of 2

ﬂ 3-Col. ¢ sifiolde, S}GP(M =@, and ook, gap(it) > g,y \§

T we ot a more %ﬂeﬂmﬁm& approx, Tactor X, Sy 0" Hen we hove

o deddon eracke for an NP-C Pmblem, 20 we annek have .,

We can ales reduce (GLQPC(B{;CQP\’%(MA%%UT)J where \al(H)=|

= Vol (H)= R | WlHL < L-10° = val (W) < CHO™)-p(1-)

Cef) Rttt Sem-Definttesess. . symeltic. M @ WF,
1) AMY> 0 el ) M=\ where v, NaeR" s Luupr= My,
)W VTN >0,
Focks PSO T R™ foems o convex cae, and 3 sepenafion onade st T
M PSDCR™), we can find o seperafing huperplane. befween PROLN.
L' has o (\ea&{we AW ) w/y | s VMY <0 =T Mg \ev; <. 0,
Then, Since ¥ MePSD, TMu>@, = Mty 20, so M=IMgky; Ts a
sePemﬁv\% aracle.

Nwe Rand. Ngo.: Ela =58, (rot uefid, a erude lower bowd,)



Consider a dQ%TeeB=KDQ fandom 8(\\?}\ ard o Biporftie graph of
Q\egfeQ D/=C\"¢J‘D,, LP cannek C&H\S’ngﬂ&b\ otweey Ko, S0 T &

no ketter Ehan VARl
EG]DQN\N\ Wr“Tamgon']
SDP-based MAXCUT %, Yo are varodes, %= +\ eSS

-l th1es.
1 oo T S 1t e
'PQ\O\XQ'F\W\: XQE?}“—\? = \I\QR 4 LQ’\' OPT(;\- (Y\QX z“\l \)\

Ve R IR @
M d=ﬂ OPT“ S ad\m“a 0. CoNRX. Pogradn (solvable Tn PB

A (V=™ W\ (e
LQOPT \lxe\Ezg\\\l\F—l\E\i_% b \Elz VQ_(—‘—AL

4- VeeR", V=]
at W\O\XJ\E?_f\' A N5 9“\@4—-1\1 AV =DV S
Now consider an 1P defined \ti= =M+ NiVy =M\ -\J~=M~ Then,

Iy

M= U\MJ i QPSD) and we can rewitte to Wx HE(M M=)
subject o Mi=1 and M= 0, Optinize oter Mo get ' =Cyy. W),
% P & [P ever aer products o vedkers Vi, Ve R e O, ater PSD Cone |

So OPT, (&)= SDR(GE) > WAXCUTC&) =OPT, (&), Tna B artt
ball, Ehe %mﬁ Wil oo be enbedded on the surbace. Take & tundom

i

an hg?erpdme cut through the origin, He= IxeR r-x=03 .
» OUJWU\J(S E Vee ‘(‘2@& <= 3 Nk e W‘(@} ®%’\%’deb{‘

\('5 ('Pmo% omitted)
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Congder agd W\%ﬂs Vg (X . How do we “Q@\\\leﬁ'?é“ %2 The meet

conenent noy s o opﬁm"\ze o\NRr Pro\nkﬂ?&é Jdisttbufions .

s K E (loe] = I AMO0-Uo 60X where =B fx s sdecked ]
ROM xes$x(3®

'\)OU\], ‘%\(\Q Se'k 0% O\IL}A IS C.o‘\\]QXe HOU\}Q\]QQ\I VA\:Q“ o CQ(\ we (ﬂo &H-QW\'ZQ

DQ@\ MOW\QW\‘& 0€ }Ao /\Aﬂ\& a P(‘OSO, (’I&JE ey €§®(\§“b o(eareai W\oW\e‘{\JR
are E [X‘]r“)gi Nl : deéretlls YE [X—JﬁL Cmc; S0 o,

E [\JO&&OQ'] E [\g\Z(X NX\ } \C\Z (ED( I*EY_X I—QE[XXQ]V
I JC}\\S \Ra w\ﬁcw %M\clv lof) ovee Q\\ c\o% 1 (Y\mew\*& opx /(A

= Uogg% S‘\'QP)% 1 powert | E\QZJ)ED(T}‘&ECXl}R_lEEXX] \ % XTJ ‘:EEX'X"]
- 1= rggg%zx Wi Do bt Xae =], and X 0, ThieTs

BQCO\\L&Q monent mafices are PSD, and Y s o deg. L moment metet,
Then, £his & 0. SDP prddlern. Tnfack, we con Tnpose a.deg. d

vonet wobeix for o finer resdution of Ehe conchrodint .

Curcent k“&uleclg‘el for MAYCUT, deg 2 (S-SR = 0.%0R Fuctor T Ehe
Basjt k(\oml\, and &Qg 4~ m\kmm\lz waesr, undec U&\W (anes Con-
jecture (on wpretien hardrress qssuwPﬁox\), &982 R T indend oﬁw&[ P,



.1 NP-Hard o bk T Cushen £he Tostance Ts sok wrbehiable).
The Whde Pt £l scheme yidde amere general way fo SDP-Fy
any 1 cosonahle NP—CQW\P\QJPQ Prob\em. Sy ZTL A ogouw,
U6C sys Lhodt o\e%, 2 N will be opﬁmo& (bogie SOP celoxofion)

Hadtod'e 3 Queg PCP

PCPﬁg Bty Pb\éﬁCmB T Comgieke“essﬁ_ ‘“C\ Sow\&(\%g CJ“JcE

’('he% o0

frourter Amq&é\\& of Ehe Bodeon Cloet 03" =7

X‘geifz)t\?“ = X @Y ,wlich & just K (vod 2) forme o group-
Det) Charaders X:30,(3' =R st K(ahk) = K(a)- KoY |

e 42 50T >R, X o= (1) %xew= (3" <y
%00 = (- are characters.
The (it of ol chavackerst, ¥S2 [N Xste= (- \\‘%‘XT =T %(S),
Tiner Ruduck on functions on §0AF" s whg: 108" >R <Figi= T boagon =

E Hoageal, This boves wel; <%, \> E{c—xs“ T=0 <> =0 vS4¢,
)% ) = (—\3 (~Ly =" = L- = oK), s, %>=0 unlese ST,

s, %ey = Eﬂi%s(}i\ 1= l .’.{/ng\g an orkhonormal, hadis o{‘ et of all ;{al\j
= we can witte ANY fuchon in the basis of %s | ~K.



Sppee 4:T0UF =R, Then, TR A0 A =T £k where =
E D= %], Ths Thoal xe fours <> § Pl setn} |

Theorem) Farceval's IJ@J\‘%%Z Gien $:105° > R I91F= > L=l

bt W= 0 =<, T ho= T e S 40’

[neoity Test . Gien %015 10,13, test i § s close ko linese, 1.
oy ITH\Y'; for most X,
The Test: Plck x4 €30.15", Tet  foasfe =Fomu |
Analysis PFHM‘HQL%) Lo =017 Dedve Fooi= (0 i“ \‘gg’:‘ .
eﬂ L0 ‘c"" &“‘ L Fou_ \“& EIH—FC%)\:QLFC&;\):L.
A Obgame (ot ﬁa—bi O 45 foar by~ foey=0F = T TeaRafoen
- 5+ 5 Toatep Fowpl =4 ‘%%[@S- ) (T B3 Raxtegl]
= %ﬁé%ﬁs =R I\%{’Xsﬁwﬂmwm ;E[%MM%MMM

= B [%00 00T E D] = <k Xy L = 458U
Shah D ERR (ST =553
STELIFE > 548 dhen TR 208 We Yoo ek =,

RLSRLC TR TRt < &3




Roo=E fon %] = B [y (03 ] = 2P [foa=T -1
= MAXIMUM ak?gnmer\ 12 bounded b% belows | 7

Recalls MAX 3-SAT 1s haed o app rofinate better Gan [~ (0
To gereral, NP — ITH = NP s ., Gap(d)> (07°,
There © adgo o reduckion o ISATE —D~CP &> 8‘1?@\ 043‘*?@1}

s How would we Werease e gae @j@
Tdea, Porallel Repetition, LeX H =(UOV E) where U k- tuples of

ﬁe\f

clauses Trom @, Vi=k- tupks of variables fron &, CC -1 G e G Xa)

i (@GN e G~ AOeeG). Let an axdigament A+

U903
\ = 50,35 .

Theoren) llg)=| &> Val (V=] . vallg) < - e wd (-

UN=g >elphabe

Labei Caue;r (9-CSP) ¢ Ha=(UOV, B, [R] SRR | comett)

erg Aa cxgs%meﬁ A+ Do\ >LRT sefisias an eﬁae 0
“W(ACU\) /A&C\l
= ZV\QC&LLQ&LOQ N P — L(lbe}\ CD\IQK\ . \“AECN:PB< _5 \‘ﬂﬂtk_\) < Re- .

- Sfoked wio Pr’ooﬂ here.

Le. xtyt2=10,13
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Hl JA\QQ:] e i\j,,.,Rﬁj we wagk &(%\2 K3 (dickodor qeund((of\) Ako,
AC\IF &63\3-..;@%( we. want %\\ %5: kc))l - This He na cedundark cade .

Consider an tneMicedt bost? T@%M on fu &k & Test consivrecy.
o € ap by Ty, 120 T Futo= %, then 3= Yo, or,
0= 3t dictator = (= T -4 dictator,

(o “pullback” )

For o randon %, check (Tux) = fux) where usR)i= Yous
> Bt deis only checkes for (eartty. “{?@’7_@3}

No\seTeg% Pick xe$0.3", Let = €08y X, %= io/\w? £ |
Test F £,00= 1, (%) Obgerve thd foe o dictoder, fu60= i
Bl b0 = &LR)} E For fineor funcfions not o diictoder, sy,

0, parthy furction 4 =3 Katnoda), e [ Bbo= e br 2
— Dilckofors ace robust, ofhere are ot

% Hostod's 315t PCP wraps allof ese feste o ene 3tk query |



1) Pick Cun ek v, fhcfait=308 .
Q_)PIQK X%Gi@ Rug\v /sﬂ%

P YA where = 30 4p1-€

) Test %m g(m TREUN UQCLJ a1

\V\QN’"

Covests @(7( )18 Mo(\r\m(\ 2o We Tnist H\(XJV 10 X1 = qﬂu(—x\ , Same I}or \'.

= The eauofion fe o lioear equafion of 3 variobes! »3LIN

Recall thot the %oal 1s fo got completefiess (1-¢) and saundiess ( ‘/from}n
gCow\‘alelce ness (\ofmm((k& flows Feom Lhe e Jickator which s colbust,
Soundress Arelygit We shallprove €hak Vol(SITNY2 185 o (Label o) 2 8,
Broot: Roo=Fu(Txeye u)- gy = Roehnxygueky =0,
Debine Sutar= (A Then, & L& 0‘“‘0“(“'2**%*“3'&%3 |

Pel Rbo= Rulmxegem-tup] = % Jil%ﬁ“(“ xR A 125,

Len\'t Aeehi Re=, Then, B [AGwsgtph BT 228, Expanding,
E {E AshhelTxey o) b__A W(;ﬂ)(i B %Ab(\ﬂ
- j_/l‘s [\ BME['XS(W X % () Xs Q) Krlg) K0\ |
- Z AA. EME_WS(“ A%CalE LX) E (el
L% L AISTE LRkl

Lemm) (o) = Ko OX) where, T(Shis %,A\s appeass odd 4 of Lines Tn .
TR)




Roots SCL-..,RT. TS ts amulfieet €51, RE. Wltony= T (1)

1
=;Es/xumb<\ Ziﬂiﬁm\ﬁm = Lyl XY D

= * Bl %m0 ] = E[«m (0% = {T=UT,
\W\\)k%e& to i A vncsu( :ZESN>1?> Now, fecall Ehat by,
farseual's IclenJc\ch, > &s 1 &W\?\e me S N wp, s = SclR] ]
Daccérw\% Rocedure: Pick L.
1) for each vertex u, samge Sum (fo) = See (R Quv(fis)
where | (Sul < Conly x\arder amall subsefs),
2) Assxgn Acwy <— random label From Su
>E[ 34 Bunlm2e)" ] QMHZA‘ Bm, -2 3”“1’1
%E[z AS@:U,] > §/o (10
— Tor o random ecﬂ%e = EKRL&A “Sﬂ >
= Bl muAw)=Aar] > SAo- Ve = Rlever.

U(ﬁ%ue Gawe s

Recall that AINe ¢ a &gﬁew\ of [neg.s ned 7, ik uaiables each,
LTk Ts NP-Hord, o distingaish U(3LTNG) M- VBTN < Yot e



What olout AUTNe? This seeme eosier Ehan TN,

Con:)\ Unﬁwy\m (ames Cohjedmrel e, Tp s s NP-Hoed 4o c\"\g*{(‘\éulsh
Vel () & (€ <=\l (DU TNp) £ € . | 03 Khet ]

Def) Un"\g,ue Gomes , o sererolizodion of 2LINg whichis Lobel Cover
where all ot [RT—=1R1 are K\Jecﬁons_

Rorark: Folgprithw At e it UG Tstonce of volue (re), A oxﬁf\ﬁvs
o ossighment: uitth value (%s%e)a LCMM 06"

Remarkd’, UG on expanders s easy 10T

Remark3: Suhexgonenﬁaﬂ fime ogéoﬂﬂ\m Jor UG rundime 9_‘\&, R
Qerark 44 deg @ S SDP relaxaffion aves “some wportant (L6t fnstances” [12']
LIAT 2=to-{ problem T2 NP- Hard !

Hocdoeas of MAXCUT

.\ Assum'mé Urique Qomex Corgecture, T s NP-Hard o beat OJTR factor.”
Recal thott MAXQUTCGY = max. § g & O6¥ £, The SPP assiyas s
R ¥t where [ili=1 s, every verfex gets embedded on a uik sphere
Lhat maximizes Jistances befween comecked verfices. Then a randlow



cut Chrough Hhe orgin determines £he rounded crk.—> ORTR fackor

L Can we specify @ worst cose Tstance where Q&R & £ i

Consider Ghe Sp\\erégam\sw: verflces are all poinks on Ut Sﬁ\eve P
Fdge et & e ST I-yi=xF  What & the DPUL ()2

Al POHTS X are teturally mq?Pe& fo%eR" = SDPUl ()= overage squared

e fogth = % OPTGa (S.)= Hab$~Space Cuk (ly Borell), Then,

OPT valSuj= Eg[ halt space H cuts x| =P§[ Hasts 8 [ I-gi=o] = Gty

OPTual(Sx)
= DR ORR.

D\c%alv@rg\\h\ﬂes%mg @0&8& an m&*mce ot MAXCUT where T verFees
are L\ﬁ?@c“\‘ﬁ SHE A ad s adinction Fr i >3 We wqwk:
1) Completeness I Fon=% Hen Voly(F)= E Uik #Tll= "%
2) Soandness s U F i ik From all Sictators, Valy@®) < OPT(S) S.D'P(&Q
L W hat do we mean ba far feom' & - Tolluences : Given FrS#i5ts 1R the
whluence of e i-th comding® s PC KFC)Q G\&@g?]
o) Suppese F= X, Then Kmﬁ (F)-11=1%
— L (FY o= P Fo=faoel - 3 € by fuurie Brpundlon.
% Tof s vl deFired o non bookan Suncflons, too* = E [ Ner(Fon)].




> %eﬁ\“%\\{‘]&v from o dictodor iz Ehen M\F\f\% vi, Tk (BY< T=0D),

&) Mag(CX) s e from dichator Since Tk (Maj)= o,

Edae s of His 70xgeV | Hm(ﬁ%\r%&i We can somple Qo\%es a8

’?OKO\BS: FTC_k Xeii‘l'ij QV\& coh%‘\md‘ % 4. 3“\ 23.2(\2 ﬁ\\: ;P ohere f= l_%

Then, we can construct o \ué%}ﬁed 8mi3&\ st U)Q((%S"—" Pr[(l( l‘c“\ts SQW\?Ile .
(%)

Lena) T e a dicketon, éhen Vals(F)= SDR(SK), [ Complekeness |
Pregts WLOG, ek Foa=X(, Ugly(®) = fﬂge EEFM%\:Q,\]:& RETUE
%é =SDP(S0) by construction. ,

Seundress; Suﬁm&e Max Tab(F) < 57 =0(1). We wank P | Foa ey
N \ (*(lm
< OPTC) <1 (From " Sphere GWP\\"). Observe that we can Vi 4 o8 o
noisy copy of X, Then ﬁ; \Fen # chﬂ s I“\e@rekecl 0s foise sendttivity,
Def] Netse Tty Rl Foa= Fepl y=Naws0al, EIFI=0 (balanced),
- DTchJV@(S o He modt (ase Shable J;m\cﬁm\s Q’&: j3 (
Theorem) Mag(X) T2 €t matk stolde ouk of functions fur Jrom dictatore,

where NS,(F) < RS, (Mag) + £6T).

 Rocal Gaussion, NCOI) € R. N0 < (g~ 95) <ach of iz o1,



G NOT gires adistibation on B Then (Gl 2 (R . i
SP}\eﬁmUa sawme‘rﬂc and olmost behaves (tke o unth vector, Now Unagive
(gh) = N@®), [271) si. E{gﬁ\ﬂ;%_ Tkl sueh corcelottion,
we con constrack gR st ey have o certain distance opact,

r)hm’(hm oments ay mbotmkdhg second

¥CLT Soys Hat o {:Cx\“ Zx i any "tce’ distibuefion D owr R
where E [x] Q, \]M(\(\ 1. Then T \ Xty = F(g\ | 3~ Nee 0
Theorem ) Tovadance P(U\Q\Ple. Fisa @a\%mmmﬁ of (4, Ya) of degree D
and max Inf (7) < T Then Foa (oD} — Falg sNeen® + On,

Prech Scheme for Soundress s We have t Chuper cube) and S sphere gruph)
Weo bave E:5t §E%§* |7 s Mhax L\ff e 5] (gdv wbrom QXKQJKO\JVO\‘S)

[ E[ CEQEm

Bg Tourter (1!\(1“3%& FiRa Pb\amm\oﬂ Then Fr [Fm%’&g\] P{F%#Rhﬁ

6'¥WNML01)

By Tnvofiance Bndiple, et afio w T is \sresewed) ko S« e (P =\l (B

<Of(X)

Tivoconce Pru\a\@le (Fom\aﬂ%\l le€ % N3 | g0 3o NGO, Lok
PzZ,..,2) be apdyronial of degree<D and w1, T (P)= 2 P8 < T,
e o1y Runckon YRR where 19I< R, Then ELYUPH x))] ~
E[W(Hg\---ga\ﬂ + errop( D, T) where eror (DT > as T Q.
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Th\e@@m\ Undey- AGC, # s NP-Hod o u@\mm\a&e NAXCUT beber Ehan o<,
Froo Tdea Reduce UGC— MAXCUT o &Tc&&%ovsh\\p fest. Cﬁtmo orithed.)

q N\"n

Conshrucion of D\cJtaJrorsh? Test: T (n(\l E), an fastance of MAXCUT,
T any solfons X, ¥ee (03" where W%, Vo) >Q | Let Ehe
dia‘(&&m&\\"\g JceSﬁa 85”1(3&\ be He Cdum wise Mege XYk to gek N
k-tuples X, X", Take V(He) o= 50,35 and ¥xge G- (X
< He, Suppese fz=2 for some 2€30:3%, Then Vabu(§) =Nl
snce we only citeve one Spectfic cow of each column. By assumption,

Vol 06 >C. (CO!WF(QJYQ(\QSS) New guﬂ)ggef & e from koo,

Koy
Whet Te e st c&?cjttfmg\\\i) st (G2 what & the spollest o‘:\;

~7 (f\cﬁm&\\\‘a fost wikh %\%&k%gess<0( :
= F1301F =707 sf, # 7 fae from dickstor, and ‘damgﬁ\ GRAX,... X TR

st Vg 06) 2 €, Valg(Fox,- o) > - C, (qiagvox"\mjte @%N\OPP\\“\&M
De@} M- APQW\M&J& Po[&mc:?\\k&m" (JiskebuckTon OBC) M\u\g F:iaR =103 st.
potntuit se evoll

¢ & XX where NaloOR)2C EfValo(Flx,- %)) > x-c,
L Dictators are 4- owroﬁm%e \:o(amovisk\"\sms but nwt Tv\JGQVe%Jﬂv\a,



~ W = Max £ fop $rom dictodors bk Poss"{h{e ™~ q?\)mx.?o\g.

Question: - AFgrox.Pol%, foc MAXCUT = - Approx, A\%oﬂfchwx for MAYAT

- for some kel, ny \‘D{’J 1 funckon F2{#13 >34(F oc from dictotors
Sag we bave GAUE), (U1=n. T we hate X, Y3417, and vade() 2C.
Af?\%'((\a OG- %) gues Vol (B0, d) D o-C. Bk we dork have s,
~ Sohve SPP for MAXCUTCE) Yo gek V) N"e R, Pk ze Nl
and QE‘P% \z Oz, Mz 9. Then B D) (2] = ™,
Now, use qi,- 3 W khe poce oF Xupooy e A??\E‘) \:(8‘3"‘3%“5-

— Since T e For From dictador, e low nhluence, €he TavarTance Pr"w\cip\e
says Ehot E[VQQG(F(gU.,.,%\<M 2 X-C.,

= G(e\\emllg, an O avaoxoP@L&. gues ah O-approx. aﬁgoﬂjchm-

Theoren) Under UGC, & X-aporox. gely. < J or Q\Ich%ov&h”@’se&%s
= MEXCUT T hard £o O.P\D\*O?QMJYQ to .

U.PS\\GHJ Po%movg\{(&u\& “determine’ £be comp\ex”\%% of o CSP. Tk ex-
fends 4o dedigion and O\KD\DPQCTMCIEO(\ gﬂde(ms,



Cemﬁ\& + o dufions? € %P Wieh cauntig problems e T £0C
poly e selvable), and witich are Tn 4P-Conglete ?

- 4 CDWH}% CSPe TP 44 % adwids o Matzec Pogmor@n“\sw\s ,
where Flakbe) = J§(blbm =@ (Suchas for 2AIN, 1“0(\;3\2) =¥ )z
Else, %te T 4P-Hoed

Two Lanex of Work (related to pol&émorP\\“\sms\l
1) Approimation under Reckect Complefeness & given a H ly saistiable
Thstane a{bfro»(\mtﬁﬂe the value. [KMR] bt o
b T 31N Ts (-g) safisfiable, £ problem l&}\mﬂ ot % b5 safisfrable,
we can just e Gaussian Bliwination |
L Rekweentess CSP: Foe B By, find @ permuoction Tr Subjeck o cngtraats
of €he form TprI< rrEpaiP;Zm Conplefeness gves 0-l/a Trstead of 4!
2) Proniize C8Ps . ex] Given o Celorable groph G, cdor i wsing as Fow colors
as possible —> FSDP-based alyorithm to gek o A co\ov"u\a- Alzo, &

s NP-Hord to 8&% a b- Colova\él.

Ohe emerging fopic’ Quarkum C3Bs (aaloy of PCP T %uarrkuw@)



