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#include <stdio.h>
#include <stdlib.h>
#include <time.h>
#include <memory.h>
#include <math.h>



#include <float.h>
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void up( void ){ _controlfp( _RC_UP, _MCW_RC ); }
void down( void ){ _controlfp( _RC_DOWN, _MCW_RC ); }
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#define DIM 1000
#define BLOCK_DIM 50
#define BLOCK_NUM ( DIM / BLOCK_DIM )

#define BLOCK_INNER_LOOP( x ) { LOOP50( x ) }

typedef double scalar_t;

typedef scalar_t matrix_t[DIM] [DIM];

typedef scalar_t block_t [BLOCK_DIM] [BLOCK_DIM];

typedef block_t blockarray_t [BLOCK_NUM] [BLOCK_NUM] ;

typedef void ( *mul_matrix_t )( matrix_t c, const matrix_t a, const matrix_t b );

typedef void ( *mul_matrix_size_t )( matrix_t ¢, const matrix_t a, const matrix_t b, int dim );
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#define LOOP2( x ) X X

#define LOOP4( x ) X XXX

#define LOOP5( x ) XXX XX

#define LOOP8( x ) LOOP2( LOOP4( x ) )

#define LOOP10( x ) LOOP2( LOOP5( x ) )
#define LOOP20( x ) LOoOP2( LOOP10( x ) )
#define LOOP25( x ) LOOP5( LOOP5( x ) )
#define LOOP40( x ) LOOP4( LOOP10( x ) )
#define LOOP50( x ) LOOP5( LOOP10O( x ) )
#define LOOPSO( x ) LOOP8( LOOP10O( x ) )

#define LOOP100O( x ) LOOP10( LOOP10O( x ) )
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void clear_block( block_t blk )

{
int i, s
for ( 1 =0 ; i < BLOCK_DIM ; ++1i )
for ( j =0 ; j < BLOCK_LDIM ; ++j )
blk[i][j] = 0.0;
¥
void clear_block_size( block_t blk, const int row, const int col )
{
int i, s
for (1 =0 ; i < row ; ++i )
for ( j =0 ; j<col ; ++j )
blk[i][j] = 0.0;
¥

/*****************************************************************************/

void copy_to_block( block_t blk, const matrix_t mat )

{
int i, s
for ( 1 =0 ; i < BLOCK_DIM ; ++1i )
for ( j = 0 ; j < BLOCK_DIM ; ++j )
blk[i][j]1 = mat[i][j];
¥



void copy_to_block_size( block_t blk, const matrix_t mat, const int row, const int col )
int i, 33
for (1 =0 ; i < row ; ++i )

for ( j =0 ; j < col ; ++j )
blk[i][j]1 = mat[i][j];

¥
void copy_to_block_array( blockarray_t array, const matrix_t mat, const int i, const int j )
{
copy_to_block( array[il[j], *( matrix_t * )&mat[ i * BLOCK_DIM 1[ j * BLOCK_DIM 1 );
¥
void copy_to_block_array_size( blockarray_t array, const matrix_t mat, const int i, const int j, const int row, const
{
copy_to_block_size( array[i]l[j], *( matrix_t * )&mat[ i = BLOCK_DIM ][ j * BLOCK_DIM ], row, col );
¥
void copy_to_block_transpose( block_t blk, const matrix_t mat )
{
int i, j;
for (i =0 ; i < BLOCK_DIM ; ++i )
for ( j =0 ; j < BLOCK_LDIM ; ++j )
blk[j1[i] = mat[i]1[j];
¥
void copy_to_block_transpose_size( block_t blk, const matrix_t mat, const int row, const int col )
{
int i, s
for (1 =0 ; i < row ; ++i )
for ( j =0 ; j < col ; ++j )
blk[j1[1] = mat[i][j];
¥
void copy_to_block_array_transpose( blockarray_t array, const matrix_t mat, const int i, const int j )
{
copy_to_block_transpose( array[jl[i]l, *( matrix_t * )&mat[ i * BLOCK_DIM ][ j * BLOCK_DIM ] );
¥
void copy_to_block_array_transpose_size( blockarray_t array, const matrix_t mat, comnst int i, const int j, const int
{
copy_to_block_transpose_size( array[j][i], *( matrix_t * )&mat[ i * BLOCK_DIM ][ j * BLOCK_DIM ], row, col );
¥

ok s ks ok ok sk s ok ok sk ok ok o o o ok ok K K o K K o ok K o o Sk ok K kK ok ok o o o ok ok K K ok K K ok ok ko o sk sk ok ok sk ok ok ok ok ok ok ok ok Kk ok /

void copy_from_block( matrix_t mat, const block_t blk )

{
int i, s
for ( 1 =0 ; i < BLOCK_DIM ; ++1i )
for ( j =0 ; j < BLOCK_LDIM ; ++j )
mat[i][j] = b1k[i][j];
¥
void copy_from_block_size( matrix_t mat, const block_t blk, const int row, const int col )
{
int i, s
for (1 =0 ; i < row ; ++i )
for ( j =0 ; j < col ; ++j )
mat[i][j] = b1k[i][j];
¥



void copy_from_block_to( matrix_t mat, const block_t blk, const int i, const int j )

{
copy_from_block( *( matrix_t * )&mat[ i % BLOCK_DIM ][ j * BLOCK_DIM 1, blk );
¥
void copy_from_block_size_to( matrix_t mat, const block_t blk, const int i, comst int j, const int row, comst int col
{
copy_from_block_size( *( matrix_t * )&mat[ i * BLOCK_DIM ][ j * BLOCK_DIM ], blk, row, col );
¥
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void mul_block( block_t blk_c, const block_t blk_a, const block_t blk_b )

{
int ii, jj, kk;
for ( ii = 0 ; ii < BLOCK_DIM ; ++ii )
{
for ( jj = 0 ; jj < BLOCK_DIM ; ++jj )
{
kk = 0;
BLOCK_INNER_LOOP( blk_c[iil[jj] += blk_aliil[kk] = blk_b[jjI[kk]; ++kk; )
}
}
}
__declspec( naked ) void __fastcall mul_block_asm( block_t blk_c, const block_t blk_a, const block_t blk_b )
{
// edx : blk_a : call by register
// ebx, eax : blk_b
// ecx : blk_c : call by register
__asm
{
push ebx
mov ebx, DWORD PTR [esp+8]
push esi
push edi
add edx, 16 ; 00000010H
mov edi, 50 ; 00000032H
sub ecx, 8
ROW:
mov eax, ebx
mov esi, 50 ; 00000032H
COL:
£1d QWORD PTR [eax+16+376]

fmul QWORD PTR [edx+376]

f1d QWORD PTR [eax+16+368]
fmul QWORD PTR [edx+368]

f1d QWORD PTR [eax+16+360]
fmul QWORD PTR [edx+360]
faddp ST(2), ST(0O)

fld QWORD PTR [eax+16+352]
fmul QWORD PTR [edx+352]
faddp  ST(1), ST(O)

fld QWORD PTR [eax+16+344]
fmul QWORD PTR [edx+344]
faddp ST(2), ST(0)



fmul
faddp

fld
fmul
faddp

froul
faddp

fld
fmul
faddp

fmul
faddp

fld
fmul
faddp

fld
fmul
faddp

fmul
faddp

fld
fmul
faddp

fld
fmul
faddp

fld
fmul
faddp

fmul
faddp

fld
fmul
faddp

fld
fmul
faddp

fmul
faddp

fld
fmul
faddp

fld
fmul

QWORD PTR [eax+16+336]
QWORD PTR [edx+336]
ST(1), ST(O)

QWORD PTR [eax+16+328]
QWORD PTR [edx+328]
ST(2), ST(®

QWORD PTR [eax+16+320]
QWORD PTR [edx+320]
ST(1), ST(®)

QWORD PTR [eax+16+312]
QWORD PTR [edx+312]
ST(2), ST(O)

QWORD PTR [eax+16+304]
QWORD PTR [edx+304]
ST(1), ST(O)

QWORD PTR [eax+16+296]
QWORD PTR [edx+296]
ST(2), ST(®

QWORD PTR [eax+16+288]
QWORD PTR [edx+288]
ST(1), ST(O)

QWORD PTR [eax+16+280]
QWORD PTR [edx+280]
ST(2), ST(O)

QWORD PTR [eax+16+272]
QWORD PTR [edx+272]
ST(1), ST(®

QWORD PTR [eax+16+264]
QWORD PTR [edx+264]
ST(2), ST(®

QWORD PTR [eax+16+256]
QWORD PTR [edx+256]
ST(1), ST(O)

QWORD PTR [eax+16+248]
QWORD PTR [edx+248]
ST(2), ST(O)

QWORD PTR [eax+16+240]
QWORD PTR [edx+240]
ST(1), ST(0)

QWORD PTR [eax+16+232]
QWORD PTR [edx+232]
ST(2), ST(®

QWORD PTR [eax+16+224]
QWORD PTR [edx+224]
ST(1), ST(O)

QWORD PTR [eax+16+216]
QWORD PTR [edx+216]
ST(2), ST(O)

QWORD PTR [eax+16+208]
QWORD PTR [edx+208]



faddp

fld
fmul
faddp

fld
fmul
faddp

froul
faddp

fld
fmul
faddp

fmul
faddp

fld
fmul

ST(1), ST(®

QWORD PTR [eax+16+200]
QWORD PTR [edx+200]
ST(2), ST(®)

QWORD PTR [eax+16+192]
QWORD PTR [edx+192]
ST(1), ST(0)

QWORD PTR [eax+16+184]
QWORD PTR [edx+184]
ST(2), ST(O)

QWORD PTR [eax+16+176]
QWORD PTR [edx+176]
ST(1), ST(O)

QWORD PTR [eax+16+168]
QWORD PTR [edx+168]
ST(2), ST(O)

QWORD PTR [eax+16+160]
QWORD PTR [edx+160]

eax, 400
ecx, 8
esi

ST(1), ST(O)

QWORD PTR [eax+16-248]
QWORD PTR [edx+152]
ST(2), ST(O)

QWORD PTR [eax+16-256]
QWORD PTR [edx+144]
ST(1), ST(®

QWORD PTR [eax+16-264]
QWORD PTR [edx+136]
ST(2), ST(O)

QWORD PTR [eax+16-272]
QWORD PTR [edx+128]
ST(1), ST(O)

QWORD PTR [eax+16-280]
QWORD PTR [edx+120]
ST(2), ST(0)

QWORD PTR [eax+16-288]
QWORD PTR [edx+112]
ST(1), ST(®

QWORD PTR [eax+16-296]
QWORD PTR [edx+104]
ST(2), ST(O)

QWORD PTR [eax+16-304]
QWORD PTR [edx+96]
ST(1), ST(O)

QWORD PTR [eax+16-312]
QWORD PTR [edx+88]
ST(2), ST(O)

>

; 00000190H



fld
fmul
faddp

fmul
faddp

fmul
faddp

fld
fmul
faddp

froul
faddp

f1ld
fmul
faddp

fld
fmul
faddp

fld
fmul
faddp

fld
froul
faddp

fmul
faddp

fld
fmul
faddp

fld
fmul
faddp

fld
fmul
faddp

fadd
faddp
fstp

jne

add
dec
jne

bop
bop
bop
ret

QWORD PTR [eax+16-320]
QWORD PTR [edx+80]
ST(1), ST(O)

QWORD PTR [eax+16-328]
QWORD PTR [edx+72]
ST(2), ST(®

QWORD PTR [eax+16-336]
QWORD PTR [edx+64]
ST(1), ST(O)

QWORD PTR [eax+16-344]
QWORD PTR [edx+56]
ST(2), ST(O)

QWORD PTR [eax+16-352]
QWORD PTR [edx+48]
ST(1), ST(O)

QWORD PTR [eax+16-360]
QWORD PTR [edx+40]
ST(2), ST(®

QWORD PTR [eax+16-368]
QWORD PTR [edx+32]
ST(1), ST(®

QWORD PTR [eax+16-376]
QWORD PTR [edx+24]
ST(2), ST(®

QWORD PTR [eax+16-416]
QWORD PTR [edx-16]
ST(1), ST(O)

QWORD PTR [eax+16-384]
QWORD PTR [edx+16]
ST(2), ST(O)

QWORD PTR [eax+16-408]
QWORD PTR [edx-8]
ST(1), ST(0)

QWORD PTR [eax+16-392]
QWORD PTR [edx+8]
ST(2), ST(0)

QWORD PTR [edx]
QWORD PTR [eax+16-400]
ST(1), ST(O)

QWORD PTR [ecx]
ST(1), ST(0)
QWORD PTR [ecx]

COL

edx, 400
edi
ROW

edi
esi
ebx

>

00000190H



void mul_block_size( block_t blk_c, const block_t blk_a, const block_t blk_b, const int row, const int colrow, const
int ii, jj, kk;

for ( ii = 0 ; ii < row ; ++ii )

{
for ( jj =0 ; jj < col ; ++jj )
{
for ( kk = 0 ; kk < colrow ; ++kk )
blk_c[ii]1[jj]1 += blk_a[ii][kk] * blk_b[jjl[kk];
}
}

}
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void clear_matrix( matrix_t m )

{

int i, s

for (i =0 ; i < DIM ; ++i )
for ( j =0 ; j <DIM ; ++j )

m[il[j] = 0.0;
¥
void clear_matrix_size( matrix_t m, const int row, const int col )
{
int i, s
for (1 =0 ; i < row ; ++i )
for ( j =0 ; j<col ; ++j )
n[il1[3]1 = 0.0;
¥
void rand_matrix( matrix_t m )
{
int i, s
for (1 =0 ; i < DIM ; ++i )
for ( j =0 ; j < DIM ; ++j )
m[il[j] = ( scalar_t ){ ( rand() & Ox3fffffff ) + 1 ) / 1000.0;
¥
void rand_matrix_size( matrix_t m, const int row, const int col )
{
int i, s
for (1 =0 ; i < row ; ++i )
for ( j =0 ; j < col ; ++j )
m[il[j] = ( scalar_t ){ ( rand() & Ox3fffffff ) + 1 ) / 1000.0;
¥

/*****************************************************************************/

void mul_matrix( matrix_t ¢, const matrix_t a, const matrix_t b )
{
int i, j, k;

clear_matrix( c );
for (1 =0 ; 1 < DIM ; ++i )
for ( j =0 ; j < DIM ; ++j )

for ( k = 0 ; k < DIM ; ++k )
c[i1[j]1 += alillk] * b[k1[j]1;
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void mul_matrix_size( matrix_t c, const matrix_t a, const matrix_t b, const int dim )

int i, j, k;

clear_matrix_size( ¢, dim, dim );

for (1 =0 ; 1 < dim ; ++i )

for ( j =0 ; j<dim ; ++j )
for ( k=0 ; k < dim ; ++k )
c[il[3]1 += alillk] * b[kI[j1;

¥
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void mul_matrix_block( matrix_t c, const matrix_t a, const matrix_t b )
static blockarray_t blk_a, blk_b;
static block_t blk_c;

int i, j, k;

for ( 1 =0 ; i < BLOCK_NUM ; ++i )

{
for ( j = 0 ; j < BLOCK_NUM ; ++j )
{
copy_to_block( blk_al[il[j], *( matrix_t = )&al[ i * BLOCK_DIM J[ j * BLOCK_DIM ] );
copy_to_block_transpose( blk_b[jl[i], *( matrix_t * )&b[ i * BLOCK_DIM ][ j * BLOCK_DIM ] );
¥
¥
for ( 1 =0 ; 1 < BLOCK_NUM ; ++1i )
{
for ( j = 0 ; j < BLOCK_NUM ; ++j )
{
clear_block( blk_c );
for ( k = 0 ; k < BLOCK_NUM ; ++k )
mul_block_asm( blk_c, blk_ali] [k]l, blk_b[jI1[k] ); [k kR k [
copy_from_block( *( matrix_t * )&c[ i * BLOCK_DIM ][ j * BLOCK_DIM ], blk_c );
¥
¥
¥
void mul_matrix_block_size( matrix_t c, const matrix_t a, const matrix_t b, const int dim )
{
static blockarray_t blk_a, blk_b;

static block_t Dblk_c;

const int bn = dim / BLOCK_DIM, br = dim - bn * BLOCK_DIM;
int i, j, k;

for (1 =0 ; 1 < bn ; ++i )

{
for ( j=0; j<bn; ++j)
{
copy_to_block_array( blk_a, a, i, j J);
copy_to_block_array_transpose( blk_b, b, i, j );
}
}
if ( br > 0)
{
/= 00 =/
j = bn;

for (i =0 ; i< bn ; ++i)
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copy_to_block_array_size( blk_a, a, i, j, BLOCK_DIM, br );
copy_to_block_array_transpose_size( blk_b, b, i, j, BLOCK_DIM, br );

}

/= 00 =/

i = bn;

for ( j=0; j<bn; ++j)

{
copy_to_block_array_size( blk_a, a, i, j, br, BLOCK_DIM );
copy_to_block_array_transpose_size( blk_b, b, i, j, br, BLOCK_DIM );

}

/x 000 %/

i=3j=bn;

copy_to_block_array_size( blk_a, a, i, j, br, br );
copy_to_block_array_transpose_size( blk_b, b, i, j, br, br );

for (1 =0 ; 1< bn ; ++i )

{
for ( j =0 ; j <bn; ++j )
{
clear_block( blk_c );
for ( k =0 ; k < bn ; ++k )
mul_block_asm( blk_c, blk_al[il[k], blk_b[jl[k] ); VAL L LY
mul_block_size( blk_c, blk_a[i][k], blk_b[j][k], BLOCK_DIM, br, BLOCK_DIM );
copy_from_block_to( ¢, blk_c, i, j );
}
}
/= 00 %/
j = bn;
for (1 =0 ; 1< bn ; ++i )
{
clear_block_size( blk_c, BLOCK_DIM, br );
for (k=0 ; k < bn ; ++k )
mul_block_size( blk_c, blk_al[i][k], blk_b[j][k], BLOCK_DIM, BLOCK_DIM, br );
mul_block_size( blk_c, blk_al[i][k], blk_b[j][k], BLOCK_DIM, br, br );
copy_from_block_size_to( ¢, blk_c, i, j, BLOCK_DIM, br );
}
/= 00 =/
i = bn;
for ( j=0; j<bn; ++j)
{
clear_block_size( blk_c, br, BLOCK_DIM );
for ( k =0 ; k < bn ; ++k )
mul_block_size( blk_c, blk_a[i][k], blk_b[j][k], br, BLOCK_DIM, BLOCK_DIM );
mul_block_size( blk_c, blk_al[i][k], blk_b[jl[k], br, br, BLOCK_DIM );
copy_from_block_size_to( ¢, blk_c, i, j, br, BLOCK_DIM );
}
/x 000 %/
i=3j=bn;

clear_block_size( blk_c, br, br );
for (k=0 ; k < bn ; ++k )

mul_block_size( blk_c, blk_al[i][k], blk_b[jl[k], br, BLOCK_DIM, br );
mul_block_size( blk_c, blk_al[il[k], blk_b[jI1[k]l, br, br, br );
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copy_from_block_size_to( ¢, blk_c, i, j, br, br );

¥
else
{
for (i =0 ; 1< bn ; ++i )
{
for ( j =0 ; j<bn ; ++j)
{
clear_block( blk_c );
for ( k =0 ; k < bn ; ++k )
mul_block_asm( blk_c, blk_al[il[k], blk_b[jI1[k] ); [xxxkxk ]
copy_from_block_to( ¢, blk_c, i, j J;
¥
¥
¥

}

/*****************************************************************************/

int verify_mul_matrix( mul_matrix_t mull, mul_matrix_t mul2 )
{

static matrix_t a, b, cul, cdl, cu2, cd2;

int i, j;

rand_matrix( a );
rand_matrix( b );

upQ);
( #mull )( cul, a, b
( #mul2 )( cu2, a, b

down();
( *mull )( cdl, a, b );
( *mul2 )( cd2, a, b )

for (1 =0 ; i < DIM ; ++i )
for ( j =0 ; j <DIM ; ++j )
if ( cullil[j] < ed2[i1[31 Il cu2lil[j] < edi[il[j1 >

return 0;

return 1;
¥
int verify_mul_matrix_size( mul_matrix_size_t mull, mul_matrix_size_t mul2, const int dim )
{

static matrix_t a, b, cul, cdl, cu2, cd2;

int i, s

rand_matrix_size( a, dim, dim );

rand_matrix_size( b, dim, dim );

up();

( *mull )( cul, a, b, dim );

( *mul2 )( cu2, a, b, dim );

down();

( *mull )( cdl, a, b, dim );

( *mul2 )( ¢d2, a, b, dim );

for (1 =0 ; i < dim ; ++i )

for ( j =0 ; j <dim ; ++j )
if ( cullil[3] < ed2[i1[31 Il cu2[il[j]1 < cd1[i1[j]1 D
return O;

return 1;

¥
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ok s ks ok ok sk s ok ok sk ok ok o o o ok ok K K o K K o ok K o o Sk ok K kK ok ok o o o ok ok K K ok K K ok ok ko o sk sk ok ok sk ok ok ok ok ok ok ok ok Kk ok /

void test_mul_matrix( mul_matrix_t mul )
{

static matrix_t a, b, c;

const int loopcount = 10;

int i;

clock_t total_clk;
printf( "constant size version\n" );

0;

total_clk =
=0 ; i < loopcount ; ++i )

for ( 1
{
clock_t start_clk, end_clk, clk;

rand_matrix( a );
rand_matrix( b );

start_clk = clock();
(*mul )( ¢, a, b );
end_clk = clock();

clk = end_clk - start_clk;
total_clk += clk;

printf( "%f msec.\n", ( double )clk * 1000.0 / CLOCKS_PER_SEC );
}

printf( "average : %f msec.\n\n", ( double )total_clk * 1000.0 / CLOCKS_PER_SEC / loopcount );

printf( "verifying... " );
if ( verify_mul matrix( mul_matrix, mul ) )
printf( "ok.\n\n" );

else
printf( "error.\n\n" );

¥
void test_mul_matrix_size( mul_matrix_size_t mul, const int dim )
{

static matrix_t a, b, c;

const int loopcount = 10;

int i;

clock_t total_clk;
printf( "variable size version\n" );

0;

total_clk =
=0 ; i < loopcount ; ++i )

for ( 1

{
clock_t start_clk, end_clk, clk;

rand_matrix_size( a, dim, dim );
rand_matrix_size( b, dim, dim );

start_clk = clock();
( *mul )( ¢, a, b, dim );
end_clk = clock();

clk = end_clk - start_clk;
total_clk += clk;

printf( "%f msec.\n", ( double )clk * 1000.0 / CLOCKS_PER_SEC );
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}
printf( "average : %f msec.\n\n", ( double )total_clk * 1000.0 / CLOCKS_PER_SEC / loopcount )};

printf( "verifying... " );

if ( verify_mul_matrix_size( mul_matrix_size, mul, dim ) )
printf( "ok.\n\n" );

else
printf( "error.\n\n" );

}

ok s ks ok ok sk s ok ok sk ok ok o o o ok ok K K o K K o ok K o o Sk ok K kK ok ok o o o ok ok K K ok K K ok ok ko o sk sk ok ok sk ok ok ok ok ok ok ok ok Kk ok /

int __cdecl main( void )

{
srand( time( NULL ) );
test_mul_matrix( mul_matrix );

test_mul_matrix( mul_matrix_block );
test_mul_matrix_size( mul_matrix_block_size, 1000 );

return O;

}

ok s ks ok ok sk s ok ok sk ok ok o o o ok ok K K o K K o ok K o o Sk ok K kK ok ok o o o ok ok K K ok K K ok ok ko o sk sk ok ok sk ok ok ok ok ok ok ok ok Kk ok /



