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size: # of gates/wires
depth: length of longest path
G: allowed gates
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Theorem ([FSS84, Ajt83, Yao85, Has87])

Definition (AC°[p])
G ={A,V,~,MOD,}, p a prime.
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Theorem ([FSS84, Ajt83, Yao85, Has87])
® ¢ ACC.

Definition (AC°[p])
G ={A,V,~,MOD,}, p a prime.

Theorem ([Raz87, Smo87])
MAJ ¢ AC[p].




ACC Lower Bounds

Upper Bound
for Torus
Polynomials

1an

Introduction

Definition (ACC)
G ={A,V,~,MOD,}.
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Definition (ACC)
G ={A,V,~,MOD,}.

Theorem ([Wil14])
NEXP ¢ ACC.
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P(x) — f(x)/2 € [N(x) — e, N(x) + €], N(x) € Z
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deg_(f) smallest degree of torus polynomial that
g-approximates f.
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P(x1,...,xn) € R[X1,..., Xp] is a torus polynomial that
g-approximates f if

Introduction

P(x) — f(x)/2 € [N(x) — e, N(x) + €], N(x) € Z

deg_(f) smallest degree of torus polynomial that
g-approximates f.

Theorem ([BHLR18])
Let f € ACC and e = n=9(). Then deg.(f) < (log(n))°™).
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Theorem (GKT'92)
ACC C MidBit™

MAJ € MidBit™ I

Our Results
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Krishan Let e < 1/8 degs(f) S (|Og(n))o(1) — f € MldB|t+

Let e < 1/8. Let deg.(f) = d. Then, there is MidBit™ circuit
computing f, of the following form:

@ fan-in of each AND gate is bounded by d,

e fan-in of the MidBit gate is bounded by 22~1 where
2k = (d +1)nd/e,

o for x € {0,1}", let A(x) be the number of AND gates that
output 1. Then A(x) = f(x)2k~1 + E(x) mod 2%, where
E(x) < 4e2k,

Our Results
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P(x) € [N(x) + f(x)/2 — e, N(x) + f(x)/2 + €]
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° Let P=>"_, ca X" c-approximate f.
P(x) € [N(x) + f(x)/2 — e, N(x) + f(x)/2 + €]
@ Take Ppos = P +¢.
Ppos(x) € [N(x) + f(x)/2, N(x) + f(x)/2 + 2 * €]
@ bin(Ppos(x)) = ...101.f(x)0110010. ..
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@ Choose a k. For each c¢,, calculate g, € Z such that
< 1
- 2k

° Pdisc(X) =2 qa/zkxa_
bin(Pgisc(x)) = ...101.f(x)0110

° Pint(X) = 2deisc(X) = Za Ga X
bin(Pime(x)) = . .. 101(x)0110
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Choose a k. For each c,, calculate g, € Z such that
< 1
- 2k

Pdisc(X) = Za qa/zkxoz.
bin(Pgisc(x)) = ...101.f(x)0110
Pint(X) = 2deisc(X) = Za Ga X
bin(Pint(x)) = ...101f(x)0110
e Convert to MidBit™.
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Let deg. (1) = d1 and deg_,(f2) = d2. Then
deg. i.,(h & f) < max(d, d2)

Let P; e1-approximate f; and P ex-approximate f.
Consider P; + P». ]
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@ Power of torus polynomials is upper bounded by MidBit™.

Conclusion

@ Torus polynomials are closed under parity.
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