CLAIM
(ci; Uep)(G) > (¢, Veiy,)(G) for
at most 2" P negative testgraphs.

LEMMA
ft(G) =1A Ct(G) =0

fi1/\fi27 (Cil l—lciz)(G> < (Cil/\ci2)(G)

COROLLARY

Every monotone circuit for

CLIQUE3(n) contains at least () /m?
AND-gates or 2P~ OR-gates.

THEOREM

For all f € M, holds
Cu, (f) = O(2" - n

=3/2 . logn).

THEOREM (VALIANT)
Dy, (Majority,,) < 5.3 -logn

LEMMA

If L(f) > 1, then for all p € R} _

THEOREM (LOWER BOUND FOR CLIQUE3(n))

CLAIM
(ciy Meiy)(G) < (ciy A ciy)(Q) for

Ch, (CLIQUE3(n)) =

Q(n?/log* n)

at most m? positive testgraphs.

THEOREM (RAZBAROV)

Any set of more than m = 2(p — 1)
edges either contains a matching of
size p or a star of size p.

n > [VE]

Cwm, (Cliquey (n)) = <m

3
fork:< . ) :
2log“n

PROPOSITION

For all probability distributions w on {0,1}"
and all § > 0 exists a multilinear polyno-
mial p € GF3[X;,...
2[log1/4] s.t.

Pr[L(z) # p(z)] <0

LEMMA

with deg(p) >

Pr{f(z) # p(z)] < 6 for all f € B,,
D(f), e > 0, p € GF3[X1, ..., X]

(2[log s/e1)".

(L € {AND, OR}). |

.
THEOREM (RAZBAROV/SMOLENSKI)

has size at least

For sufficiently large n, each unbounded
fan-in circuit with depth d for Parity,,

[ Monotone Circuits ]

—[ Unbounded fan-in circuits ]

ze{-1,1}"

Each boolean function f has the

aa N\ /\Z‘z

AC{1,...n} icA

Circuits

Boolean

E(Luv,(f,)) <

1 holds

(1 =1.5/n)Ly,(f)-

\

COROLLARY

For all p € R _4,
E(Lu,(fp) <

(1 —1.5/n)(Lu, (f) — 1/3)

THEOREM
For almost all f € M,
o Coup,(f) >c1-2"-n=3/2
o Ly, (f)>¢p-2"-n1/2.1og™ n

e D, (f) > n—1/2logn—loglogn+log co

THEOREM

There is a formula f € B, with
Ly, (f) > 2"/logn.

[Formula Complexity J

THEOREM (ANDREEV)

LU2 (An) =

|

LOWER BOUND (SHANNON)
if € B, : Cp,(f) >2"/n.

UPPER BOUND (LUPANOV)

For all f € B,,, Cu,(f) = (1+ of

1))2"/n.

] LEMMA

0.075 - (\/E)nl/@d)'
PROPOSITION
For all p € GF3[X;,...,X,] with
deg(p) < v/'n, r
RING SuM EXPANSION
Pr [p(z) # Parity,,(x)] > 0.15.
ze{0,1}™
unique representation
f@)= D
PROPOSITION
Forallp : {-1,1}" — { 1 1} €
Pr [p(xz) = Parity, (x )] 0.8

For all p € R, .

>3/ ((logn)*?

\

THEOREM (SUBBOTOVSKAYA)

Let f be a formula. Then

E(Ly,(f,) < e°(Lu,(f) = 1/3)
for all p € RZ,

LEMMA (RANDOM PARTIAL ASSIGNMENTS)
For all p € R}y, E(L(f,)) < (1— 1/n)L(f)

COROLLARY

—_
S

Epern, (Lu,(Any)) > < -

2 loglogn

(loglogn)*®))

™~

LEMMA
For all p € R}, with m := 2lognloglogn,

logn

/\ #pl7 (x

)>1]>1/2.

V1<i<logn, #pl;'(x) > 1
= Ly,(Any) > n/loglogn



