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We want efficient algoriths for these
Polynomial Operations (Multiplication, Addition, Evaluation)
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Some reperesentations

(-1,0),(0,2),(1,6)
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Fact: A polynomial of degree d can be uniquely represented by its values
in any d+ 1 points. (at least d+ 1)
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So we want Coef → V alue representation
Multiply

and then V alue → Coef .

Φίλιππος FFT November 4, 2021 6 / 22



NAINE APPROACH
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To find the values in d+ 1 point computation is O(d2)
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To find the values in d+ 1 point computation is O(d2)
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A nudge towards the Solution

What will happen when I compute A(x0) and A(−x0) ???
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A nudge towards the Solution

What will happen when I compute P (x0) and P (−x0) ???

Evaluate only at squares of the original points (n/2).
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The degree of Pe and Po also drops to half!!
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It would be of a good complexity if there was no problem

X the set of all points stops geting halfed after step 1.
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Solution: nth Roots of unity zn = 1

Example 4th roots: {1, -1, i, -i}
Example 2nd roots: {1, -1}

Example 1st root: {1}
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Expand the domain of the polynomials to C and everything still holds.
With the help of some equations we denote the nth- roots by the complex

numbers 1, ω, ω2, · · · , ωn−1 where ω = ei2π/n. And pick n = 2l.
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Expand the domain of the polynomials to C and everything still holds.
With the help of some equations we denote the nth- roots by the complex

numbers 1, ω, ω2, · · · , ωn−1 where ω = ei2π/n. And pick n = 2l for
convinience.
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So in cases where V is as follows we have the FFT.
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IFFT

Now given the values of a polynomial computed in the roots of unity how
to go back to the coef representation ?

We solved V ∗ Coef = Y now to solve Coef = V −1 ∗ Y . How V −1 looks
like?
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IFFT
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IFFT

So if V −1 = 1
n V̄ we have that the the conjugates of the roots of unity ara

also roots of unity of we can apply the FFT with ω = ω−1 and then divide
the resulting array by 1/n.
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