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degree(C) = degree(A) + degree(B)
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Can we do better?
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BPR, NIRBAREINTER:

o wik = Wk (Cancellation Lemma)

o 4 n NBHET, (wff"/z)Q = (wk)? (Halving Lemma)
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(Summation Lemma)
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HREEMNZHR (DFT)
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RIREEM3ER (FFT)

“The most important numerical algorithm of our lifetime”
by G. Strang, 1994
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A(z) = AL(2) 4 240 (42)

T(n) = 2T(g) 10 = O(nlogn)
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G ® b= DFT;, (DF Ty, (@) - DFTon (b))
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from cmath import exp
from math import pi

class NthRootOfUnity:
def init (self, n, k=1):
self.k = k
self.n = n

def pow (self, other):

if type (other) is int:
n = NthRootOfUnity(self.n, self.k % other)

return n
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def

def

def

eq_ (self, other):

IE other ==
return abs(self.n) == abs(self.k)

_ mul (self, other):
return exp (2x1jxpixself.k/self.n)*other

__repr_ (self):
return str(self.n) + "—thllrootllofllunitylltollthell
+ str(self.k)

@property

def

th(self) :
return abs(self.n // self.k)
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ABSCI: FFT

1 def fft(a, omega):

2 if omega ==

3 return [sum(a) ]

4 02 = omegax*x2

5 a0 = fft(al[0::2], 02)

6 al = fft(al[l::2], o02)

7 res = [None]xomega.th

8 for 1 in range (omega.th//2):

9 res[i] = a0[i] + omegaxxi x al[i]

10 res[it+omega.th//2] = a0[i] — omegaxxi * all[i]
11 return res
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ABsL: SIESEA

1 # Input: Coefficient representation of A and B as list
2 # Output: Coefficient representation of AB
3 def poly mul(a, b):

a n =1 << (len(a) + len(b) — 2).bit length()

5 o = NthRootOfUnity (n)

6 fft a = fft(a, o)

7 fft b = fft (b, o)

8 fft ¢ = [fft _a[i] % fft b[i] for i in range(n)]

9 ¢ = [round((a/n).real) for a in fft(fft c, o *x —1)]
10 while len(c) > 0 and c[—1] == O0:

11 del c[—1]

12 return c
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