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∃𝑓 ∈ NTIME[2n], 𝑓 ∉ Circuit[9n]?
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(natural proofs)Razborov ‘95:
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∃𝑓 ∈ NTIME[2n], 𝑓 ∉ Circuit[9n]?

(natural proofs)Razborov ‘95:

Razborov ‘03:  Res(Ω(logn)) ⊬ 𝑓 ∉ Circuit[nO(1)]

P/poly hard for NC1      ⇒   Frege ⊬ 𝑓 ∉ Circuit[nO(1)]

Razborov’s conjecture

NP∩coNP hard for P/poly ⇒   EF ⊬ 𝑓 ∉ Rng NWℎ

Raz ‘01:           Res ⊬ 𝑓 ∉ DNF[nO(1)] (pseudo-width)
(pc generators)



Razborov’s conjecture

Krajicek’s conjecture

PRG   ⇒     EF ⊬ 𝑓 ∉ Circuit[2Ω(n)] 

P/poly hard for NC1      ⇒   Frege ⊬ 𝑓 ∉ Circuit[nO(1)]
NP∩coNP hard for P/poly ⇒   EF ⊬ 𝑓 ∉ Rng NWℎ



proof complexity

AC0-Frege
Frege

¬∃ p-bounded pps ⇔ NP ≠ coNP

Resolution



proof complexity

AC0-Frege
Frege

¬∃ p-bounded pps ⇔ NP ≠ coNP

EF lower bounds  ⇒
?

  P ≠ NP

lifting ⇒ monotone P/poly lbs

Resolution

IPS lb ⇒ VP≠VNP
R lb ⇒ P≠NP TR -consistent



(Natural proofs in proof complexity?)

Why is Razborov-Krajicek conjecture hard? 



constructive proof complexity lower bounds

new algorithms

Goal
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- True if EF-provability not required

- True if EF ⊢ [E is hard & (

- Implies NP ∉ Size[𝑛𝑘]

OWF ⇐ SAT ∉ P/poly )]

?



adversary claims to have a ckt solving SAT on A  ⇒   force them to solve SATProof:





- exploits that adversary is efficient w.r.t. the formula it receives



constructive proof complexity lower bounds



constructive proof complexity lower bounds

- doesn’t work for

- in-depth analysis and twisting of the original proof



constructive proof complexity lower bounds



constructive proof complexity lower bounds

- new proof of a pseudo-width lower bound



constructive proof complexity lower bounds



constructive proof complexity lower bounds



a lot of related work 



open problems

- constructive Cutting Planes lower bounds

- avoid anticheckers in Thm 1
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