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In this class:

How the computer
architecture affects how
we implement an
algorithm

September 26, 2016

Fast Matrix-Matrix
multiplication

Next class

Solving Ax = b
G&C — Chapter 7

Next next class

HOMEWORK DUE!

More AX =D
G&C — Chapter 7



Matrix methods

Matrix multiplicaton AB = C

Linear systems Ax=Db

Eigenvalue problems  AX = \X



GEMM

GEneral Matrix-Multiply

One of the BLAS routines
“Basic Linear Algebra Subroutines”

Used by LAPACK
“Linear Algebra” Package
Solving Ax=Db, Eigenvalues, etc.



Optimizing GEMM

OLD = MMult0, NEW = MMult-4x4-15
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https://aithub.com/flame/how-to-optimize-gemm/wiki
By Robert Van De Gejin
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What a computer looks like!
(To a programming language)

0110010110001000000110
1001101011111001001110
00101*01700010010010111

01011 1V 1uuCGLL0T1I11100
0110111100110000001011
1110101100011011010100




What a computer looks like!
(To an algorithm)

011001011000
100000011010
N11010111110
0101110001 )
110000010010
010111010111

0110010110001000000110
1001101011111001001110
00101*0100010010010111

01011 1V 1ouGOLU01011100
0110111100110000001011
1110101100011011010100

Super
fast
memory!

Fast
memory!



Your RAM

0001000000110 @ 0110010110001000000110 @ 0110010110001000000110

1111001001110 @ 1001101011111001001110 @ 1001101011111001001110 @ 1001 1:
0010010010111 00101*0100010010010111 00101*0100010010010111 00101
0000001011100 @ 01011 1V 16uGGLOUT1I11100 @ 01011 1V 16uCGLO01 011100 | 01011
)0110000001011 0110111100110000001011 0110111100110000001011 01101

0011011010100
0001000000110
1111001001110
0010010010111
u00LU0U1J11100
)0110000001011
)0011011010100

0001000000110

1110101100011011010100
0110010110001000000110
1001101011111001001110
00101*01700010010010111
01011 1V 1uuCGGLL0TI11100
0110111100110000001011
1110101100011011010100

0110010110001000000110

1110101100011011010100
0110010110001000000110
1001101011111001001110
00101*017°00010010010111
01011 1V 1uuCGGLL0UTI11100
0110111100110000001011
1110101100011011010100

0110010110001000000110

00101
01011

1111001001110 @ 1001101011111001001110 @ 1001101011111001001110 g 10011
0010010010111 00101*0100010010010111 00101*0100010010010111 00101
0000001 J11100 @ 01011 1V 10ubGLo0T1I11100 @ 01011 1V 16uCGLO01 11100 | 01011
)0110000001011 0110111100110000001011 0110111100110000001011 01101

)0011011010100 @ 1110101100011011010100 @ 1110101100011011010100



But ...

CPU - Access in 0.5 nanoseconds — 32 doubles

L1 - Super-fast — Access 1-2 nanoseconds — 1000 doubles

L2 - Fast — Access in 5-10 nanoseconds — 20000 doubles

L3 - Fast- - Access in 10 nanoseconds — 250,000 doubles
RAM — Access in 25-100 nanoseconds — 100,000,000 doubles

Each layer is much slower!



Computer Memory Hierarchy

small size
small capacity

processor registers
very fast, very expensive

power on

immediate term

small size processor cache

small capacity very fast, very expensive
medium size power on random access memory
medium capacity very short term fast, affordable

http://en.wikipedia.org/wiki/Memory_hierarchy
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OLD = MMultO, NEW =

MMult-4x4-15

Why does this one get FASTER???

4 MB =
“L.3” cache

* Memory hierarchy
explains why this one
gets slower
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The MatMUI a1 a2 ais b11 biz bis

CUDE! as1 as2 asgs bs1 bso b33

cj=» aby foralli,j
k

Your quiz! Explain how
to compute an entry in
the matrix C via this
cube.




void MY _MMult( int m, int n, int Kk,
double *a, int lda,
double *b, int ldb,
double *c, int ldc ){
int i, p, pb, ib; /% This time, we
compute a mc x n block of C by a call
to the InnerKernel x/
for ( p=0; p<k; p+=kc ){
pb = min( k-p, kc );
for ( i=@; i<m; i+=mc ){
ib = min( m-i, mc );

InnerKernel( ib, n, pb,
&A( i,p ), lda,
&B(p, 0 ), ldb,
&( 1,0 ), ldc, i==0 );

void InnerKernel( int m, int n, int Kk,
double *a, int lda,
double xb, int 1ldb,
double *c, int ldc, int first_time ){
int i, j;
double packedA[ m * k ];
static double packedB[ kckxnb ]; /x
Note: using a static buffer is not
thread safe... *x/
for ( j=0; j<n; j+=4 ){ /* Loop over
the columns of C, unrolled by 4 x/
if ( first_time )
PackMatrixB( k, &( 0, j ), ldb,
&packedB[ jxk 1 );
for ( i=0; i<m; i+=4 ){
/* Loop over the rows of C %/
/* Update C( i,j ), C( i,j+1 ),
C( i,j+2 ), and C( i,j+43 ) in
one routine (four inner products) x/
if ((j==10)
PackMatrixA( k, &A( 1, 0 ),
lda, &packedA[ ixk ] );
AddDot4x4( k, &packedA[ ixk ],
4, &packedB[ jxk 1, k,
&C( ilj ), ldc );



