LECTURE #72Z

CS 170

gp?(r\g YA




Lact time: 'lr\hzroer orvHmetic

. oddvhon : camy mehod A& O(n) aad is epbmal
* moltiphaation: - Jong mulkiplitabion &t O(h) and i Nor optimal
- Koradeobo N\O\HPRMHOI\ s O(n '°3‘g)

The maun A wos divide and songuec:
XeV = XuVy* lo" + [xﬂm J(Lyp)-lo"/Z + XL
= Xt 10" + (X, 4 X0Lfe )~ K= X0 107+ X
This gV o reouMN Tn) = 3-T(—2~)+ 0n) = 0(0‘05‘2).

TQ:\073 Usefol facks:
. Solvif\ﬂ recutrnes ke Hhe 0\50\&/ n %Q.uq,ca\ ‘ C&bf: CQC)\oz' obe
o fast mulhiplication of atrices . &lgaby\z (Lloﬁ‘a)loabh

- (o),



Raview an example: T(m=3T(2)+con TM)=ca (Lot huo conshants oo equal)

prblam  work/ # of Total
Sz Prob| em  peoblems  worlC

CoL n C-n 1 Cen
¢2 2 c-!)‘-_ Ny < 3 %cm
Ce 2 : ", ¢ Ny, 1 (%)?:-n
AR VA 3" (Few
. ; E - o
C.4L 4 1 c.q g (%)os‘c.n
L ~ ~

con- (14(2)+(3) )

\ E z
= 0(n(2)¥): o(n 4% )= on®)

We now do o Similar \‘Q(\&or\tcﬁ {lof O\ 8q“m\ @S



Th gtu\QtQ\: T(n) = 0°T(%)+ C-Y\d T=C

Mosker Theorem for Rasarrences
-+ T(n)= 0(n°)
0. .| > Tt = O(n logn)

Oa_.

oo

%}N - T(n) = o(n“‘?f*’a)

prosf: Lot vs 01\0\7%1 Y e £ work.

problaw  work/ b of Total
Sz Prob| em  poobleme  worlC

c.nd N c.n 1 c-n
d
C-(LL) ... C. (%) " < () o @/bd)-c-nd

J
(3 S
.b & c-.("/t;‘)d al (a/},‘)' .cond
C 1 -1 " (o/EY ol

oo C ;("/l})Cl NGV



We ac Uft to bond c-ns (Hb"’J' +( )oal’h) in e Heet cans.
® \'oo+-\\na\ry i —~<\ (i, d>logbo\) thaa Racall:  1ptp?4-. +|> ﬁ_'
o | — (%)% B
Tl)=c-n?. 'i = O(T\)
-2
@ balanad: if %=l (iq,d= lo(c]l,“) Ha
d 3 d
T« ¢-pte (14 41) = 0(r lgyn)<O(n gge)
logyn +
@ lab=has & %51 (o, 4< )
log,n+t
Tr) = . o{ ) (%)%b ~ _ l\% | 50\ - logba
= Coh %;;_, - o(n (&%)- o(r %,)_o(n )

EXO"_’!E(LS T(n)= LIT('\)')-O(A ) D =4, b=2, d=1 <> U-—>"'b0(f\loak) 0 l)

Tn) < 3'\_(2)* O(n) =» &=3)b=2,d= = %:- > >/ =\>0(r\'°3'° )_.._o(n\%z)a



Mataix W\UIHP\QCO&HM\ ‘ X \ . |: Y =‘ Z

-'lnPu-f: nXn matnel X ond y L | I —
° ou{'\bu\"- Pc'adnc,\' Marix ZZ-: )()’ Z’\:)= Z:__‘ X'u(\/\c:\ = <XLI',*]/>'B’,:)]?

In guwea) AOT commotabive (it an be Hat XY &YX )

FD( Aoz \/“’[‘\‘o n HNS

e Nawve alaocRH\m‘. Foc 4=),..ne n Hires
O(n)
CQV\\‘NR 2‘\J OCV\)

* Recucsive o\\goc\{—l\w\x \Qwraaq block poiga. moltipl: cadion
x-Ye [A]B E|F AE+BG | AF+R H

-
) -

c|D G [H CE+DG | CF+DH

T(np)= 8-T(2) +0(n%)

— C\QPH') & tre |g |°31“ o)
'h": “3

— Work o Fhw leoves ig E?h Sape 08 befoge ®



Strossen  [odrix Hulb'la]((‘aﬁm (l“\ﬁ‘i)
Iumqg on HWL Simple  divide and tonques approodn bo irat OCn).

Pi= A (F-H)  Ps < (A+DXE+H)
P=(AtR)-H P = (B-D)(GiH)
= ((+DE P, = (A-Q)(e4r)
¥V, = PL&-E)

T(n)= 7 .T(D?:) + O(nY

- dQ\JH\ d e © |09,_V\
— work at |eawes 1§ ?l“i‘“: n‘°33

= T(h) = O( n\‘w): o(nt®)

PQ"‘ PL,-FZ'\'?c ?I"_PL
Ky = A+ Py P+ Ps-R—fy

Designing Strassen’s Algorithm

Joshua A. Grochow*and Cristopher Mooref

September 1, 2017

Abstract

In 1969, Strassen shocked the world by showing that two n x n matrices could be multiplied
in time asymptotically less than O(n3). While the recursive construction in his algorithm is very
clear, the key gain was made by showing that 2 x 2 matrix multiplication could be performed
with only 7 multiplications instead of 8. The latter construction was arrived at by a process of
elimination and appears to come out of thin air. Here, we give the simplest and most transparent
proof of Strassen’s algorithm that we are aware of, using only a simple unitary 2-design and a
few easy lines of calculation. Moreover, using basic facts from the representation theory of finite
groups, we use 2-designs coming from group orbits to generalize our construction to all n > 2
(although the resulting algorithms aren’t optimal for n > 3).
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A Refined Laser Method and Faster Matrix Multiplication

Josh Alman* Virginia Vassilevska Williams®

October 13, 2020

Abstract

The complexity of matrix multiplication is measured in terms of w, the smallest real number
such that two n X m matrices can be multiplied using O(n“*€) field operations for all € > 0;
the best bound until now is w < 2.37287 [Le Gall’14]. All bounds on w since 1986 have been
obtained using the so-called laser method, a way to lower-bound the ‘value’ of a tensor in
designing matrix multiplication algorithms. The main result of this paper is a refinement of the
laser method that improves the resulting value bound for most sufficiently large tensors. Thus,
even before computing any specific values, it is clear that we achieve an improved bound on w,
and we indeed obtain the best bound on w to date:

w < 2.37286.



