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1 Strassen’s algorithm (w ~ 2.81)

Original algorithm: Tensor notation:

my = (a1 + ag2)(b11 + ba2) 9

mo = (a1 + a22)b11 Z airbrjci; =

mg = a11(b12 — be2) ij,k=1

my = aga (b — by1) (@11 + a22)(bi1 + baz)(c11 + c22)+
ms = (a11 + a12)ba (@21 + ag2)bii(c21 — c22)+

me = (ag1 — a11)(b11 + b12) a11(biz — baz)(c12 + c22)+

my = (a2 — ag2)(ba1 + ba2) aga(ba1 — b11)(c11 + c21)+

11 = mq +ma — ms + my (a11 + a12)baa(—c11 + c12)+

C1a = ms3 + ms (a21 — a11)(b1r + b12)coo+

Co1 = Mg + My (a12 — a22)(ba1 + baz)c1y.

Co2 = M1 — Mg + M3 + Mg

Interpretation: R((2,2,2)) <1T.

2 Bini’s identity (w =~ 2.78)
Identity:
e(arnbiicit + aiibiacor + a12baicin + ar2baacar + azibiicia + azibiacas)+
62(0111722621 + aribiiciz + a12ba1cag + a21boican) =
(@12 + €a11)(biz + €baz)cor+
(@21 + €ai1)bii(ci1 + ecia)—
a12b12(c11 + ca1 + €ca2)—
a21(b11 + b1z + €ba1)c11+
(@12 + a21)(bi2 + €bar)(c11 + €c22).
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R((3,2,2)) < 10.

Interpretation:

Putting two copies together:



3 Schonhage’s identities (w ~ 2.55, a ~ 0.1402)

Identity:
4 4 3 3
ZZAZBJC]Z +ZZX3'L+]YYSZ+JZ +O(63) =
i=1 j=1 i=1 j=1
3 3
DO (Ai+ €Xaii)(Bj + Vaig ) (€Chi + Z)+
=1 j=1
3 3 3 3
ZAi(BzL—EZYB,i+j)(62C4i+Z)+Z A4_GZX37,+3 (€
i=1 j=1 j=1 i=1
4
A4B4(6 C44+Z (ZA ) ZB] Z.
j=1
Interpretation:
R((4,1,4) ® (1,9,1)) < 17.
Similarly,

R((3,1,3) & (1,4,1)) < 10.

4 Another identity by Schénhage (a = 0.17227)

Identity:

2 3
(@11b11c11 + a11b12¢21 + a12barci1 + aisbsicin + agebaicia + assbsiciz) + O(€)

€

(a11 + €2 a12) (b1 + 2b11)ci+

(a11 + €2a13)bs1 (c11 — €ca1)+

(a11 + €%azz)(ba1 — €b1z)c1a+

( )(b31 + €b12)(c12 + €car)—
a11(bz1 + b31)(c11 + c12).
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Border rank of this partial matrix multiplication is 5.

2
a1 + € ag3

Interpretation:
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