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lemma 2.2 anLet E={Po (4); 0,) Xm =0, is Xn2_1=0} for Pot IRCx],

E is satiable or
20 ] degree-2 505 refutation of E.

h == six* g Q:(x). Pilx)
t 50str degree¢ &

Expectations oversolutions
_

Properties: E1173=1

x~D IE
x~D [Fps]710 t pctR[x]



Def 2.6 Pseudo expectation testsLet Rex]
ï

be poly, in INX]of degree fl.
A deg-I"pseudo expectation"for (Rex]is linear _map

IE
~

: IRExes IRst:
to* {~ 11.7=1
20* E[p]7.0 if deg (p) fl.

L)We can label each different pseudo expectation
I by label isin ED'.we will call"I" a pseudo-distribution.

L) we say deg-I perdo distributionTo satisfies

systemP= [P,=0i-iPm= 0}
if

V QC Rex]it-em]- E5[Q(x).Pit x) ]=0

they al.3



Q: How to use?

Than2.7 - : Let P=2P,= 01.... Pm=0}be poly: fromIR[x].
Assume p B "explicitly bounded"- Then,precisely one of
the following holds:

20
] deg-Isos proof refutingP 10

z deg-Ipseudo-distilsD.satisfying P.
Ore dir of Pfl -suppose(1) holds. We show (2) does not.

Suppose7 deg-Irefutation of pin -1=R+& Q:Pi.
S.E. deg[R, Qi Pike.

Let * be any pseudo distribution.
Then: ~1-R =. ?Q; Piy

* 5DrEd (-1-12] =~ % Q:Pi]ED *
~

[_ 1 ]_ {(R)=t
~

[] Pi Qi {
p 505, degut

-1 -is one thing7.0)= {Ä{Qi Pi]=7 Fist. Elapsed.
it.I'd I

|

as not satisfyP!
Due

' L
see reference



This TiedIs d ...val algorithm: is
DualDeg-I550 Algorithmwe

Input:Polys Post-Pereira]
1. Outputsmallest valueelder st. 7deg-ipse-do distribution

SatisfyingP: {Po =0,Pi-0i-,Pm=03.ice)
r objective

Applicationto approximating edge expansion_

Let 6=(V,f)be undirected, do-regulargraph.
let fist)be set of edges from S totter.
For any vertexset Set:

%(s) =IEl5,01531} # edgesris*0
leaving Sme

dish} max tot.of alt edges
touching S.



0o/s): Gravis) _any Edge expansion of! graph
{
=

isoperimetric #, cheeps,on start)

% =_ min 0ok)
SEW
st. Easley'

w

Let's encode do as optimization problem:
Let XE 9013101be characteristic vector ofSite Xi=1iffv,-ts.
Our problem:min • k(for fixed 151=k)in

constant

- .

9 "sideexist G; 12

at. 42-4=0 i=1,.. in
x'& in =k it... in

(xit{0113)
(151=k)

(1f(s,vis)|

iniI!

30

(at)

Idea: Aprioximate usingdeg-I 50s!

let do(e)
=

min

Y k! 1 ]F.

ofoak)
Ilk) be optimal deg-isosestimate over alltakes.

L) ofG can computed in time ^one).



Thn3.1 -7 constant,at. u Gene),

0,£ C rdo(2) \
Tdeg-2 50s estimate of 00.go

PFl Fix).a.
Goal: Giverpseudodistribution D.over characteristic vectors

of size-he setsS St.

|E(5,vis) 1= ofï Ik
in
fixed constant) Ids

ire denominator in too.
L) E: IR"talk

h feed in characteristic vector of S(tin-it.) firm.,
we want to round* to concrete set S*IV sit.

015112 bC o (Easiest)f or4 )( ed*1. Is



Assume 4=12.
We know'.

by (2)
$ [Exile-Pizby 30
[ ETDixit= o by20
he
~

(5,Vis)1=lethe lief(x;-tj)2)|=Y .dk = ofdixit
..

NE[13=1
If [2,719-0 k PE (Rex)I for deglp)52.

A/g: _Step:

step 2:OutputS*I lilyi?:2}.

Choose y:IYin, yin)from random Gaussian
distribution in it\ with same quadrastic moments
as D

~
ire (Ely:) =it[x:]£ | )[ y] its=It[Xixj).



Q: How to do shpt?
Recall:in-din Gaussian dist for tern:

x ~ N
17
(u,5)st.

10 mean vector itEx.],titan)
20 man covariance 4 matrixst. [Eli) =CovEl(X;- Mitsix;_u i)]Exit

1 symmetric, PSD.
30For any fixed air"l then R. V. Y=a^Xhas

university Gaussian distribution.
40Quadratic moments= Ex:X;] risen.



Idea'.For anya-din
z a-dimGaussian

distribution5 same quadratic moments. -
Pfl Let D be a distribution over IR'.

Giver momentsExit and Exits]:

10Assume w1100 Exile Fi (o/w shift variables).
20 Coasidespectral decamp. of covariance matrix?

2 = gai it Viv)
recall7i>.0Kris on. Basis for IR'.

30 Define yturn as y =gFK Vicwk
= ridstd Gaussian over (R.

Claim: _10 y is ana-dim Gaussian, 20ECy:yi)=f[x;Xj]


