Arithmetic Circuit
ldentity Testing for
Sparse Polynomials




Quick Reminder

Arithmetic Circuit

¢ division-free




Arithmetic Circuit Identity Testing (ACIT)




Plan

|. Study the univariate Deterministic algorithm

(_

case first. that exploits the sparsity
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Can we say anything better?



Fact: Real-valued polynomial with
at most m nonzero monomials
has at most m positive roots.
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Previous VWork

Lipton,Vishnoi ’03.
e poly(m,n,log d,H) runtime over the integers

Klivans, Spielman ’01.
e O(log(mnd)) random bits
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QOur result

® Deterministic test using poly(m,s) ring
operations over any integral domain

} amounts to runtlme poly(m n. Iog d H)
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Algorithm




What is sufficient?




(Given a univariate polynomial P, verify
P(x) =0 mod xP -1
for sufficiently many primes p.

v )

What is sufficient?

| ,.Clalm leen oI nomlal P(x) de gree d m > O nonzero
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"Given a univariate polynomial P, verifyy
P(x)=0 mod xP -1
for sufficiently many primes p.

How?
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So far: Deterministic algorithm

runtime poly(m,s)
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So far: Deterministic algorithm
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a large enough random prime p.
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(Given a univariate polynomial P, verify
P(x) =0 mod xP -1
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Open Problem




From multivariate to
univariate

Random bits S ) m d
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Deterministic Reduction

Given:

POGitoiciniCn)
* max variable degree d
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Randomized Reduction

e Uses the mapping by Klivans and Spielman ’0|l

* Adds a step of chinese remaindering to it to
- further decrease # random bits:
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Results in Detail

Deterministic

Randomized
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Conclusion

® What'’s the “significant” parameter in identity
testing! Degree or Sparsity!

® Classical results say degree
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Closer look at the open question

Suppose P e C[x].
Fact; P(x) =0 mod xP -1
if and only if
P(r)=0 for all p-th roots of unity .
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Closer look at the open question

Suppose P e C[x].
Fact; P(x) =0 mod xP -1
if and only if
P(r)=0 for all p-th roots of unity .
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Closer look at the open question

Suppose P e C[x].
Fact; P(x) =0 mod xP -1
if and only if
P(r)=0 for all p-th roots of unity .

What about picking a random root!
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