Def.

Prop.
Def.

Def.

Def.
Def.

Def.

Def.

Prop.

Def.

Def.

Def.

Claim 1.

Claim 2.

Pseudorandom Generators in Proof Complexity

A generator G, : {0,1}" — {0, 1} is hard in P if, for any be {0, 1}, no proof Il € P
exists showing be Im(G,) efficiently.

The Tseitin generator is hard in resolution.
Ji(A) :={j € [n]: a;; = 1} and X;(A) := {x; : j € J;(A)} describe the 1-columns of row i.
(X)) =1
: Vars(g;) € X;(A) (1)
gm(z) =1

is Equation 1. Refuting it shows (1, ..., 1) ¢ Im(G,,).

Fix i € [m]. Let f be s.t. Vars(f) C X;(A). Then yy is the extension variable of f.

Vars(A) := {y; : di € [m] : Vars(f) C X;(A)}

C=yi vVl = lICli= £ v v Y

Fix A. (A, G,,) denotes the collection of clauses C = y;l VeV y;k" for which
Vars(f;) € X;(A) i=1,..,k and gi EIC]|

We call 7(A, G,)) the functional encoding of Equation 1.

T(A, G,) is satisfiable &< Equation 1 has a solution X.

For I C [m], d4(I) (called the boundary of I) denote all columns which, when restricted
to I, contain one "1." A is called an (1, s, ¢)-expander if |J;(A)| < s and, for all choices I
as above, (|[I| <r = [d4(I)] = c|I].

A function g; is called ¢-robust if every p such that g;(p) € {0, 1} satisfies |p| > €.
For a clause C in Vars(A), pu(C) is the size of a minimal I C [m] such that:

(a) Vy)‘? e C3diel: Vars(f) C X;(A)
(b) {gliel}EIICl

For a clause C with 5 < u(C) < r, w(C) > r(c;g—s).

Any resolution refutation IT of 7 contains a clause C with 5 < u(C) < r.

Main Theorem. Let A € M,,,,({0, 1}) be an (r, s, c)-expander, and let g; be {-robust for
i=1,..,m Letc+¢>s+1. Then

r(c+ € —s)

wRes(T(A,Gn)) > 20




