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OVERVIEW

- Recall that we want M € F7*", M € ENP

Ry (en) > Q(n'?).

- We'll prove that there is M € F)*", M e P\P
-—/
Rﬁz(zlogn/loglogn) > Q(I’)z) .

emm—

- We'll use

- Orthogonal Vectors

- Non-deterministic Hierarchy Theorem
- Rectangular PCPs



ORTHOGONAL VECTORS

Theorem

There Is a determm/st/c algorithm that solves
#0V over IF5 in time W/ log(d/ 'Og”jfor any
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ORTHOGONAL VECTORS

Theorem

There is a deterministic algorithm that solves
#0V over T, in time O(N>~"/1ee(d/1ee)) for any

d =N,

Corollary

There is a deterministic algorithm that, given
A € F)*"and B € F)*", computes the number
of ones in AB in time n?~"/1ee(r/1een) for any
r=n°t).






NON-DETERMINISTIC HIERARCHY THEOREM

Theorem

If f,g are time constructible and
f(n 4+ 1) = o(g(n)). then

NTIME[f(n)] € NTIME[g(n)].
MOMNIG, 3 M-—\.am-.‘ l""'f“‘ﬂ L < f‘}*
Corollary Jon =27, gleade2
There exists a unary language

L C {1}, L € NTime[2"] \ NTime[2"/n].




PCP  pa~donwes
/ P Weg
Letr,q: N — N, then PCP(r, g) is the class of

languages L s.t. there exists a poly-time
probabilistic V:

- Efficient: For x € {0,1}" and a proof 7, V
has O(r(n)) random bits, makes O(q(n))
queries to

- Completeness: If x € L, then V accepts with
probability 1

- Soundness: if)Lg\L, then V accepts with
probability < s

f




SMOOTH PCPs

Definition

A PCP Is smooth If V queries every variable
with equal probability (queries every bit of the
proof with equal probability).



SMOOTH PCPs

Definition

A PCP Is smooth If V queries every variable
with equal probability (queries every bit of the
proof with equal probability).

If your proof is not correct, but differs from it in
a few positions, chances are your proof will be
accepted by a smooth verifier!



RECTANGULAR PCPsS

Example: [\/\ax—2LIN)‘/ *®y
PCP: L < {13 ,\/
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Theorem (BHPT20)

For any L € NTIME[2"], there exists a PCP
. e
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EFFICIENT RECTANGULAR PCPs

Theorem (BHPT20)

For any L € NTIME[2"], there exists a PCP
verifier V that

- # of random bits i1s n + o(n)

- query complexity is O(1)
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EFFICIENT RECTANGULAR PCPs
Theorem (BHPT20)

For any L € NTIME[2"], there exists a PCP
verifier V that

- # of random bits i1s n + o(n)
- query complexity is O(1)

- proof of length 2" poly(n)
-V runs in time 201=¢)"

-V Is smooth

- Vis almost rectangular



EFFICIENT RECTANGULAR PCPs
Theorem (BHPT20)

For any L € NTIME[2"], there exists a PCP
verifier V that

wedal va u_S

- # of random bits is{ + o(n) . —
. query complexity is O(1) xel =2 flawils
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RIGIDITY IN PNP

Theorem ([AC19,BHPT20])

There is a PN° machine that for infinitely many
n, on input 1", outputs a matrix M, € F*" that
has rigidity

Ry (1) = Q(n?)

fOr r— ZQ(Iog n/ loglog n).



Theorem ([AC19,BHPT20])

There is a PN? machine that for infinitely many
n, on input 1", outputs a matrix M, € F3*" that
has rigidity

Ryi (r) > Q(n?)

for r = 29iogn/loglogn)
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SUMMARY OF SEMI-EXPLICIT CONSTRUCTIONS

construction rigidity run-time
\/Vanderm. alg. ind R(\/n) > én’ NA

VPi R(en) > én? NA

brute force R(en) > & 2"

explicit R(r) > = - log 2 poly(n)
\/Hankel R(r) > % 2"

sub-exponential R(n%*=¢) > Lo n' e
/sparse R(en) > n'*o Q' logn

PCP R(glogn/loglogn) @




