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The Next Big Barrier

Prove superpolynomial lower bounds for

ACO[p]-Frege systems.

* Why is this so hard, especially when superpolynomial
lower bounds have been known for ACO[p] for over 20
years??

« We don't even have conditional lower bounds (other
than the assumption NP 2z coNP)

« We also don't know if any proof complexity lower bound
implies a circuit lower bound

« This motivates the study of algebraic proofs



Mys#1y § A Cp]

(1 Be'si@‘-f“’“"/YaO/A/Lemder-/yaf,mrf Ciredick
woemal  foore fmamems  folol !

Ac Ll —~— /K
Jv'/-h L A
71\

@, depitr ¢

! {

(2) M ethod  of waaluh'( ‘Dolvs CSmolcmk?' /2azéwwl

Jdoes At e (o wbrlc



/"(j‘n‘“l q Ac’ Cpl

('3 Be":‘l”—f"'""r /YUO/A/L@“JV“/MMAW Cireud
woemal  foore fmamems  folol !

Theorem  [Buss KolodZiey cxyt : Zcparlowglqj

‘\V\a AL [pl  Freg ()»OdF T of Q“QS'éO[Y nomel 7o @ be
onverted. o e GQ’\[H"*‘f C(,VO‘S“(A)\—( sae AC(p) g ()woof/

whhere all Corarulys ar @ Vo /\o@P o Smal-AND

ACLpl o~ /K
J?M 4L A
/1

A/l\ \Z



Mys#1y § A Cp]

(1 Be'si@‘-f“’“"/YaO/A/Lemder-/yaf,mrf Ciredick
woemal  foore fmamems  folol !

Ac Ll —~— /K
Jv'/-h L A
71\

@, depitr ¢

! {

(2) M ethod  of waaluh'( ‘Dolvs CSmolcmk?' /2azéwwl

Jdoes At e (o wbrlc



/f(js-lul fz Ac’ [p]

B Two 5()0&0‘-1 cases
PO\J Colculws : /ﬁ\@ Lins are Pd-zwwd‘(_s

[\ /N

Res ( ®,) - /Cl@\\

o) @
/N M\

Thie mohwokes @ dired SMJ@ of F@&E; whae  Unes

Nsatt / PC + lLines  are @oAND (:Pol\(mm\oth mac F)
P



U NSOLVARILITY o POLNOMIAL EQUATIONS
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ALGEBRAIC PROOF SYSTEMS
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IPS lower bounds implies VPxVNP

Theorem A super-polynomial lower bound for [constant-
free] IPS implies VNP z VP [VNPO z VPO ] for any ring
R

Key Lemma: Every DNF tautology has a VNPOcertificate.

Proof of Theorem assuming Key Lemma: A super-
polynomial size lower bound on our system means there
are unsat formulas such that every certificate requires
super-polynomial size. Since some certificate is in VNP©
, that function requires super-poly size circuits. QED
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