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Basic info: Complexity Zoo
Main result also discovered by [CK12]
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@ Determinant without minus signs

o #P, PP, VNP-complete

TCO- Threshold Circuits

@ constant depth, & const parallel

time
e integer arithmetic: + - * /
@ PRGs, crypto?

[NRROZ]
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TCY Lower Bounds

o DTIME(super-poly) # TC? (time hierarchy)

o SPACE(super-log) # TC (space hierarchy)
Threshold Circuit Lower Bounds

@ Perm ¢ TC size s, s(O(1) < 2n [Al199]

@ Perm ¢ TC depth o(loglog n), poly size [KP09]

o Perm ¢ arithmetic circuits with n°) advice [JS12]
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Why Non-uniform Lower Bounds?

@ Search for mathematical truth...
@ Crytpo adversary

@ Connections to derandomization
E ¢ SIZE(2*") = BPP=P [IW97]
derandomization = non-uniform lower bounds [KI04, AM11]
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o d = o(loglog n), a = poly-log(n), s = n°1) = [KP09]
o d=0(1), a=n°W), s = po1) = [JS12]

o Tradeoff between d, a, s

Compare to Known Results, Conjectures

@ Ryser's formula for Perm: O(n-2") time

e Parity ¢ non-uniform AC? size gn°® [Has87]
o NEXP ¢ non-uniform ACCP poly size [Will1]
o Conjecture: NP, Perm ¢ SIZE(Z”O(I))
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Perm ¢ TC circuits of depth O(1), advice n°%), and poly size.
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Perm ¢ TC circuits of depth O(1), advice n°%), and poly size.

Proof of | ]
o TH-time-depth(n**1, d) ¢
TH-time-depth(nk, d) + o(n) advice
@ P has TCY size n¥, depth d, advice n°(t) =
TH-time-depth(n**, d) ¢ P + n°(1) advice
o theorem false: TH-time-depth(n*t1, d) C P + n°(™) advice
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Extensions

@ Poly advice (obstacles - natural pfs [RR97], relativization
[AW09])

@ Average-case, almost-everywhere hardness
o ...

@ Make use nice properties of permanent
- low-degree poly, downward/random self-reduction, ...
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Thank you.
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