






Complexity and depth of circuits

basis:

complexity = number of elements:

depth = length of the longest input-output path:

circuit S:

complexity (depth) of a function F = minimal
complexity (depth) of a circuit computing it:



Boolean matrix multiplication

(M. Paterson’75)

T. (1970s)



Integer multiplication → polynomial multiplication

Interpolation:

A,B – n-bit numbers

(А.А. Karatsuba’62)

(А.L. Toom’63)



Integer multiplication → DFT

(А.А. Karatsuba’67;   A. Schönhage, V. Straẞen’71)

(A. Schönhage, V. Straẞen’71)

(M. Fürer’07)

(D. Harvey, J. van der Hoeven’19)

DFT



DFT over field of complex numbers

(P. Duhamel, H. Hollmann, J.-B. Martens, M. Vetterli, H. Nussbaumer’84)

(J. Cooley, J. Tukey’65)

(I.S. Sergeev’17)

(J. van Buskirk’04)



Integer multiplication depth

Parallel addition of n bits

method of compressors (1960s):

compressor (CSA):  A+B+C=X+Y, depth O(1)

(M. Paterson, N. Pippenger, U. Zwick’92)

(M. Paterson, U. Zwick; E. Grove’93)

(I.S. Sergeev’13-16)



Depth of addition modulo 7

(D. van Leijenhorst’87)

(I.S. Sergeev’16)

matrix representation:



Open research directions

Matrix multiplication: group-theoretic approach
(H. Cohn, C. Umans’03 …)

Multiplicative rank of multiplication in GF(qn) over GF(q):
(Chudnovsky brothers’88;   S. Ballet, R. Rolland etc. … )


