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STRASSENG MATRIX MULTIPLICATION

Matrix addition:
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takes mn scalar additions
Everyday matrix multiply:
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takes mnp scalar multiplies and m(n-1)p scalar addtions

Letm=n=p.
Best lower boundis! (nz).

Forn=2:
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isdoneby everyday methodusng:
8 scalar multiplies
4 scalar additions

but Strassen@® method (CLRS, p.735) uses:
7 scalar multiplies

18 scalar additions
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When n = 2k: Aij and Bij are 2k" 1y 2k" 1 submatricestha are multiplied recursively usng Strassen@
method.

Suppoen = 4.
Everyday methodwill take 43 = 64 scalar multiplies and 1638 = 48 scalar additions

Strassen® method will use:

7 recursive 2" 2 matrix multiplies, each usang 7 scalar multiplies and 18 scalar additions
18 2" 2 matrix additions each usng 4 scalar additions

This gives 49 scalar multiplies and 198 scalar additions

Let M(k) = number of scalar multiplies for 2k " 2k =n" n:

M(K)=7M(k" 1) = 7K =719 _ 197 4 1:2.81 \ote that the constant i

Let P(k) bethe number of additions(induding subtractiong donefor 2k " 2k =n" n:

P(0)=0
P(1)=18
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P(K) - 168 1 | 7p(k" 1) =182 + 7P(k" 1
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LetPakf= P(k)
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Master Method
a=7 b=2 logga=Ig7*2.81f(n)=

9n2. ozhz.sr 5
Case 1 P)n)=, %2.8]{1

n2

NI



KRONROD( ALGORITHM FOR BINARY MATRIX MULTIPLICATION (AKA Four RussiansOMethod)
Binary version subgitutes" for ¥and# for + in numerical version.
Since ¢ bits can be packed into abyte, word, etc., a speed-up may be obtained.
Let r =8 and suppo® n = 256for multiplyingtogdaher n "~ n matrices A and B:
unsi gned char A[ 256][32], B[ 256] [ 32], C[ 256] [ 32] ;
where an unpacked matrix can be packed with:

/1 Converts colum bit subscript to subscript for unsigned char
#defi ne SUB2CHAR(sub) ((sub)/8)
/1 Determines bit position within unsigned char for colum bit subscript
#defi ne SUB2BI T(sub) ((sub)%8)
/1 CGets 0/1 value for a colum bit subscript
#define GETBI T(arr,row,col) ((arr[row] [ SUB2CHAR(col )] >>SUB2BI T(col)) &1)
/1l Sets bit to 1
#define SETBI T(arr,row,col) \
(arr[row] [ SUB2CHAR(col )] =arr[row] [ SUB2CHAR(col )] | (1<<SUB2BI T(col)))
/1l Clears bit to O
#defi ne CLEARBI T(arr,row,col) \
(arr[row] [ SUB2CHAR(col )] =arr[row] [ SUB2CHAR( col )] & 255- (1<<SUB2BI T(col))))

for (i=0; i<n; i++)
for (j=0; j<n; j++)
i f (Aunpacked[i][j])
SETBI T(A,i,j);
el se
CLEARBI T(Ai,j);

Row-oriented binary matrix multiplicationis:
1. Findpostionswith onesinrowi of A.

2. Rowi of cistheresult of orGngtogeher therows of B corresponding to the postionsfrom
1.

for (i=0; i<n; i++)

for (j=0; j<n/t; j++) /1 Clear output row i
Cli][j1=0;
for (j=0; j<n/t; j++)
for (k=0; k<t; k++)
if ((Alil[j]>>k) & 1) /!l Examne row i, bit # t*j+k
for (p=0; p<n/t; p++) // Set corresponding bits
} Clillpl=Ci]lp] | B[t*j+k][p];

Timeis' 0/{;‘—( (giving 256? =2,097152 byte or®).



Kronrod@®@technique

1. % groupsof ¢ consecutive B rows (groupi iSrowst*i ...t*i+t-1).

2. Each group(subset ) is preprocessed by ordng together all 2! possible combinaionsof ther
rows (usng 2‘% extra space for subset ).

Each of rowsO. .. 2j —-1areor@d withrowt *i +j of Bto obtain rows 2j - 2j+1" 1,
respectively.

3. Theseresults are then referenced by going down the corresponding column of Ausing thes
(packed) bits as a subgript to the extra table of or@d combinaions

Thus much of theeffort for row or@ngis transfered to the preprocessing:

unsi gned char subset[ 256][32];

/1 Initialize output matrix
for (i=0; i<n; i++)
for (j=0; j<n/t; j++)
Cli]ljl=0;

/1l Initialize enpty subset - sane for each group
for (i=0; i<n/t; i++)
subset[O0][i]=0;
/1l There are n/t groups of t rows in B
for (i=0; i<n/t; i++)
{
rangeStart =1;
/1 Include each row to achi eve conbi nati ons OR ed together
for (j=0; j<t; j++)

for (k=rangeStart; k<2*rangeStart; k++)
for (g=0; q<n/t; q++)
/1 OR the subset without row | of this group with row |
/1 of this group. First row of group is B[t*i].
subset [ K] [ q] =subset[k-rangeStart][q] | B[t*i+j][dad];
rangeStart*=2;

}

/1 Update result rows based on this group of t B rows
for (j=0; j<n; j++)
for (g=0; q<n/t; q++)
Cljllal=C{jIlal | subset[A[j][i]][al;

Ti '"gsl-?f" w28 gt 2 (g 524288byte or(3
imeis $t$/3 7+7-(.(_ $@t—2+t—2|((g|vmg 288byte or@).

# 38 3 # 3 8
If t=Ign, row-oriented gives " 04,—” time while Kronrod@method is " %-0_—¢.
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