}ﬁC_W,M__EQ Sums - of— Sopare s Npv (O

Fest: when T defied SR Roolean avioms were
encoded as  two i(\wwod\“ﬁts

S ujl A L] nf.z
RO R RO

<N . C
Mulbilacarize. %5 X, fo ~0 XXy A
provl

0y 100 OO

2 2 2
2. 2
T X\ Ay (ﬁZ_XL)
2 —
XX (7‘%"’435 =D 90.9 1.3

T\/%e QM no+
noN - 1nea ‘éwxfras 3

Tostead we orpuld olways include %" -x; =0
nektad oF  two  tnequalities 4 or  gust el tilmeartze
wiYh Q\NI\{ CONPM’\U'\‘\IOI\ (HOrKi(\S m@dqlb %xl'l— X, T-OE >,

On 4o S05!

Pecall e SA seb-up. |k P=§pro, - 0.=05
Ginclude  %%-x? for atl 1) and Q= f%zaz fﬁsou >/OZ.

ko SA}@ proot of the wgmlity )7 s
%\\/Un v

— Lisgt of fo\\/noquls J:( Fm



— st O«? Conical A‘cmﬁxs SH"')—S/Q
Such  that 0
(94N
Z Fp £ Z 558 = ol -c
=t Lg —|
o
Why ot allow  any non-regakive goly bere £
- We reed o be able fo \/tr()\-\/ Hiad Hh's 15
o ooroojlo
Foct Tcshu\c, 1} g(xm---7xn)>/o $oc all we $0,135"
Haird .

s CcoNp -

~Tn 505 replace non—we abve twntas with

O~ d(HU‘U\Jf }qmu[\( of NoN -~ V\%o\hvﬁ polys
Sum ~ o)‘_,_ Q%V\Q_M,S

Dj_ /Ar polyﬂo«ﬂxa\ C?Q :§ 0 quP\*oj" 97/(/(01)/%8
can MPV‘Q%I\'\—

Q=< hi
Pr sov@  fo \/nomw\\s {Hi

O(fn Ld’ @7 be as above . An 3S0S-derivahon
r(x)za = 9\\/&\ by

T A hist 07D polynommls JD[---?EM
+ A ](\5'[' O} So0S @o\yn()ml‘als V)



such ’H/LQ'\’
Z)E,‘P; ¥ Zgj%" =l {x)dcl,

e The  degree of He  derivation & the moax
degvu of any polynemial in if.

: % size s tbg)r gt of +e encoding of
gmo% RN =5 Coefficiont cize

ma\l?f Maters )

Q1. Con we mpresent any aon-regative poly as
o SOS’

NOY | Hilbers 18‘88] NoN ~constructs re
[Motakia 1967] “Motekin polymomial
\D(ng) = xﬁyz 1 XL\/4~%><ZYZ +1

VoW  does  S0S compan to  other proof systems?

505
A N 7

cP / \ : simuklation
\ \Z V4 - ——=5

T ' ?Clp\é > SA 96{)0\!“&:\7\0/\

’ >
- % Twin varjaple
es 1 I I N Ngﬂ swu lochen

6



1 [@UK\W\? ‘81 S0S  con ‘SIMQ,L{C{_}Q PC’\K cH:\'dey
i boplean axiomS ant presedt

(No+ +rue withoud boolean axioms)

Theorem  Thee gre degee =3 So5 ngfut.  of n°l—]0'\:,,
&E, Pecall +he mcod“,qg -.
n

M Te Iy e ZK;S 71
{=I

\V[loabﬁoefﬂﬂ], Keln] K + XJ"K £ 1 \ 20

We derwe  for all Ke Ind :

0t |
DZ Xk <
1=
2. N4\ 2
Z (‘ - ><{o<~><5;<> Xie ¥ Lo <\” 2 ?<I‘L<>
|')\S E‘,Er\'h’] 1= L
;:FLS r\-\E\l o
I | — Q\ZX\‘K'\’ ;Xﬂ(
z 3 2 is\ [
21 Xik — X~ X XK \ mulF lincar(ze
1S akl
! V= i .Z“XI‘K
= 2 T XXk AR
muh a1 + 2 5o 1[5 L, %yl
V=4 1=#¢
ny\

\l

L =1 2L Xl

\ =1



Ot nx!
’(_W/] ebunm,{(\g \LP N Z X{KB~1 ar\d - 2_ X|'[<
I \J =L (Bl

e ge\— -1, [\

For  both Tseittn and  roncbm  3-CNF formulas,
QCH)“dﬂgr‘Qﬁ lower bounds are Known e SOS.

[Geigpriev 01, Scloenbeck O8]

M [A\‘Seflﬂﬁ— Haoloniem) (Q:( # of monomials

I‘S’ Yhene 35 o Size—s%ﬁ'ﬁ-{m 0} o
syskm (P, 00)  Fhen

dﬁggog@Q» = O(A/n log s + k)

vhere W s +he  degree of e sysfem.

Open Problem  Give  shona  sepanadions  betiween
CP and Qogo

OPO\ Problem  Prove 4oty SoS ¢ not  size
oulimatzable.  poder any vweasonable
complexity  assumpiion.

S0 s degree—automatizable (like sA )T of
fhre © o Tdegne ed  S0S  Proof of some egueility
then  thow 157 on qlgorfﬁr\m Hhot will Rad” i
0RO el
N

u?ﬁiug) semi defindle pmgmmmfﬂg (which gereralizes
L¥s )



Foc many NP - Hard Pnob[ems <M(l7< Cw)-) \/6/("’87\4
Cowr, C5Ps) S0S-based semidefinik programmicg
O\L\gOPans capture  fe  best—H@onwn approximaton
O\%So

Furthermore, - assihming the Uﬂ"\c}w Games Cor\s‘edrw&z
te  approximation “rato  Obfaied by $0S for
Hres e Probl@mg Is oPHma) wless P= NP,

e\ Max-Cut - Given o SN\P\ﬂ G= (\HE> with edge

welowts  We 20 .

Find o (DOLPH"HO/) V=N uVy  such that e
total weight  of edges crossing Hy partition

15 Mmoxiwmized.

— NP - Complete [ Karp]

— Then s o Simp[f_ L P obtojas a Lp/—qp(ppox?mﬂ'\-/‘o/\
raro  LFoiklone

— Tde la Veqo—Mothien o7 SA Y‘Q%A,l'ﬂég degree.
C!/IQF‘fKM— /‘/l&KCkr/\/CIIQ\/Z 09 L) Yo obtaun

© domne 1]~ Schramm 183 Q,%)—w e
> o Xim

— Thnt )= an  SPP a{C%oerqm capfured by 0G)

0S5  oblains &~ 0878~o\ppr\ox]ma%—lox\
LGoemans - L l(Torson Q‘ﬂ



O0.8718... = min &/
OLe<m (l—cos@)/&_

This 15 tight (uless P=NP) assuming UGC
[ Kiad ler - Khot - Mossel -0 Donnel] 04T

U6C Ttis wp-tard o sobe He (I-g,e)-lUnigue
G omes problem.

U"gvf/j

UWnige. Qares  Given  graph (}=CV3E> and §%¢
QJCOLC\(]+‘ed e ogwen oo @e,rmo&oﬂ—\on
WNCH O

Ket gy =g

GCoal - Find o~ CO‘OUU/W\(\% 7(‘.\/‘—-7 Eol/—_g c.t.
for every edge © nv

V@CXC’OB = X0
¢t eter 7 (1-2) P of condt an sat or
< Jllma of Constraints are  sakisheds




