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multiply.c (includes implementation of mult_block for 2.2\a):
#include "multiply._h"

/* Question 2.1, 1(a) */

void

void

void

void

mult_ijk(elem A[], elem B[], elem C[], int n){
int i,j,k;
for (i=0; i<n; i++)
for (=05 j<n; j++){
int sum = O;
for (k=0; k<n; k++){
sum += A[i+k*n] * B[k+j*n];
}

CLi+j*n] = sum;

mult_ikj(elem A[], elem B[], elem C[], int n){
int i,j,k;
for (i=0; i<n; i++)
for (k=0; k<n; k++){
int local = A[i+k*n];
for (J=0; j<n; j++)
C[i+j*n] += local * B[k+j*n];

mult_jik(elem A[], elem B[], elem C[], int n){
int i,j,k;
for (J=0; j<n; j++)
for (i=0; i<n; 1++){
int sum = 0;
for (k=0; k<n; k++){
sum += A[i+k*n] * B[k+j*n];
3

CLi+j*n] = sum;

mult_jki(elem A[], elem B[], elem C[], int n){
int i,j.k;
for (3J=0; j<n; j++)
for (k=0; k<n; k++){
int local = B[k+j*n];
for (i=0; i<n; i++)
CLi+j*n] += A[i+k*n] * local;
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void mult_kij(elem A[]1, elem B[], elem C[], int n){
int i,j,k;
for (k=0; k<n; k++)
for (i=0; i<n; 1++){
int local = A[i+k*n];
for (J=0; j<n; j++)
C[i+j*n] += local * B[k+j*n];

}
}
void mult_kji(elem A[]1, elem B[], elem C[], int n){
int i,j,k;
for (k=0; k<n; k++)
for (J=0; j<n; j++){
int local = B[k+j*n];
for (i=0; i<n; i++)
CLi+j*n] += A[i+k*n] * local;
}
}

/* Question 2.2, 1(a) */

/* Regular matrix multiplication for r*r blocks by jki */
void mult_jki_blocks(elem A[], elem B[], elem C[], int n, int r){
int i1,j,k;
for (3=0; j<r; j++)
for (k=0; k<r; k++){
int local = B[k+j*n];
for (i=0; i<r; i++)
CLi+j*n] += A[i+k*n] * local;

}

/* Blocks multiplication by jki*/
void mult_block(elem A[], elem B[], elem C[], int n, int r){

int i,j,k;

for (J=0; j<(n/r); j++)

for (k=0; k<(n/r); k++)
for (i=0; i<(n/r); i++)
mult_jki_blocks(&ALi*r+k*r*n], &B[k*r+j*r*n], &CLi*r+j*r*n], n,

r;
}

matrix_manipulate.c:
#include "matrix_manipulate.h"

/* Question 2.1, 1(d) */

void TFfill_matrix(elem a[], int n){
int 1;
for (i=0; i<(n*n-1); i++)
a[i]= (rand()%100 - 50);
s

mipl.c:

#include "matrix.h"

#include "allocate free.h"
#include "matrix_manipulate.h”
#include "multiply._h"

int main(void){
int kK, n, j;
elem *A, *B, *C;
clock t t1, t2;



scanf("'%d", &k);

if (k <= 0) {
for (n=4; n<1025; n*=2){ /* runs on 4,8,16,32,64,128,256,512,1024 */

/* Allocation space for A,B,C; random-filling and initializing */
A=get matrix_space(n);

Ffill_matrix(A, n);

B=get_matrix_space(n);

fill_matrix(B, n);

C=get_matrix_space(n);

for (3J=0; j<(n*n);j++) CLJ]=0;

printf("%d , ", n);

/* Running all possibilities and timing */
tl=clock();

mult_ijk(A, B, C, n);

t2=clock()-t1;

printf("'%ld , ', t2);

for (3=0; j<(n*n);j++) CLJ]1=0;

tl=clock();

mult_ikj(A, B, C, n);
t2=clock()-t1;

printf("'%ld , ', t2);

for (3J=0; j<(n*n);j++) CLJ]=0;

tl=clock();

mult_jik(A, B, C, n);
t2=clock()-t1;

printf(C'%ld , ', t2);

for (J=0; j<(n*n);j++) C[j]=0;

tl=clock();

mult_jki(A, B, C, n);
t2=clock()-t1;

printf(C'%ld , ", t2);

for (J=0; j<(n*n);j++) C[j]=0;

tl=clock();

mult_kij(A, B, C, n);
t2=clock()-t1;

printf(C'%ld , ", t2);

for (3=0; j<(n*n);:j++) CLj]1=0;

tl=clock();

mult_kji(A, B, C, n);
t2=clock()-t1;

printf(C'%ld\n", t2);

for (3=0; j<(n*n);j++) CLj]=0;

/* Freeing space */
free_matrix_space(A);
free_matrix_space(B);
free_matrix_space(C);
}
} else { /* case k > 0 */

/* Allocating space for A,B,C; Initializing C */
A=get_matrix_space(k);

B=get_matrix_space(k);

C=get_matrix_space(k);

for (n=0; n<(k*k);n++) C[n]=0;



/* Read input */
for(n=0; n<(k*k); n++) scanf("%d", &A[N]);
for(n=0; n<(k*k); n++) scanf("%d", &B[n]);

/* Calculating jki-multiplication and outputing result */

mult_jki(A, B, C, k);

printf(C'%d ", K);

for (n=0; n<(k*k -1); n++) printf(%d ', C[n]);
printf(C'%d\n"", C[(k*k-1)]);
/* Freeing space */
free_matrix_space(A);
free_matrix_space(B);
free_matrix_space(C);
}
return O;
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0 0 0 0 0 0 4
0 0 0 0 0 0 8
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0 0 0 0 0 0 32
0 0 10000 0 0 0 64
20000 20000 20000 20000 20000 20000 128
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Index by function name

[8] fill_matrix [4] mult_ijk [3] mult_Kkij
[9] free_matrix_space [2] mult_ikj [6] mult kji
[10] get matrix_space [5] mult_jik
[1] main [71 mult_jki
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:(5),2.1
processor -0
vendor_id : Genuinelntel
cpu family : 6
model - 23
model name : Intel(R) Xeon(R) CPU E5410 @ 2.33GHz
stepping -8
cpu MHz : 2333.412
cache size : 6144 KB
fpu > yes
fpu_exception I yes
cpuid level : 10
wp > yes
flags : fpu vme de pse tsc msr pae mce cx8 apic sep mtrr pge mca cmov pat pse36

clflush dts acpi mmx fxsr sse sse2 ss syscall nx Im constant_tsc arch_perfmon pebs bts
rep_good pni ssse3 cx16 sse4 1 lahf _Im

bogomips > 4673.73
clflush size 64
cache_alignment : 64

address sizes
power management:

36 bits physical, 48 bits virtual

processor -1

vendor_id : Genuinelntel

cpu family :- 6

model - 23

model name : Intel(R) Xeon(R) CPU E5410 @ 2.33GHz
stepping : 8

cpu MHz : 2333.412

cache size : 6144 KB

fpu > yes

fpu_exception . yes

cpuid level : 10

wp > yes

flags > fpu vme de pse tsc msr pae mce cx8 apic sep mtrr pge mca cmov pat pse36

clflush dts acpi mmx fxsr sse sse2 ss syscall nx Im constant_tsc arch_perfmon pebs bts
rep_good pni ssse3 cx16 sse4 1 lahf _Im

bogomips : 4667.65
clflush size 64
cache_alignment 64

address sizes
power management:

36 bits physical, 48 bits virtual

processor : 2
vendor_id : Genuinelntel
cpu family : 6
model 23



model name :
stepping :
cpu MHz
cache size
fpu
fpu_exception
cpuid level :
wp :
flags :

Intel(R) Xeon(R) CPU E5410 @ 2.33GHz
8
1 2333.412
6144 KB
yes
I yes
10
yes

fpu vme de pse tsc msr pae mce cx8 apic sep mtrr pge mca cmov pat pse36

clflush dts acpi mmx fxsr sse sse2 ss syscall nx Im constant_tsc arch_perfmon pebs bts
rep_good pni ssse3 cx16 sse4_1 lahf _Im

bogomips > 4667.79
clflush size 64
cache_alignment 64

address sizes

36 bits physical, 48 bits virtual

power management:

processor
vendor_id
cpu family
model
model name
stepping
cpu MHz
cache size :
fpu :
fpu_exception
cpuid level :
wp :
flags :

3
Genuinelntel
6
23
Intel(R) Xeon(R) CPU E5410 @ 2.33GHz
8
- 2333.412
6144 KB
yes
. yes
10
yes

fpu vme de pse tsc msr pae mce cx8 apic sep mtrr pge mca cmov pat pse36

clflush dts acpi mmx fxsr sse sse2 ss syscall nx Im constant_tsc arch_perfmon pebs bts
rep_good pni ssse3 cx16 sse4_1 lahf _Im

bogomips : 4667.33
clflush size 64
cache_alignment 64

address sizes

36 bits physical, 48 bits virtual

power management:



block_mipl:

#include "matrix.h"

#include "allocate free.h"
#include "matrix_manipulate.h”
#include "multiply.h”

/* implementing power function */
int intpow(int a, int b){
int 1, prod;
prod = 1;
for (i=0; i<b; i++) prod *= a;
return prod;

}

int main(void){
int k, n, j, I;
elem *A, *B, *C;
clock t t1, t2;
scanf("'%d", &Kk);

if (k<=0) { /* case k <= 0 */
for (n=4; n<513; n*=2){

/* Allocatiing space for A,B,C; Fill with random values,

*/
A=get_matrix_space(n);
fill_matrix(A, n);
B=get_matrix_space(n);
Ffill_matrix(B, n);
C=get_matrix_space(n);
for (J=0; j<(n*n);j++) C[j]=0;

/* Printing n, r=n/2 and mult_block run-time */
printfF("%d , %d , ", n, n/2);

tl=clock();

mult_block(A, B, C, n, n/2);

t2=clock()-t1;

printf('%ld\n", t2);

/* Freeing space */

free_matrix_space(A);
free_matrix_space(B);
free_matrix_space(C);

}

(2.2)

initializing

/* Allocating space for case 1024 matrices, Ffilling and initializing */

A=get_matrix_space(1024);
B=get_matrix_space(1024);
C=get_matrix_space(1024);
Ffill_matrix(A, 1024);
fill_matrix(B, 1024);

/* Running mult_block with r=271_..2710, printing results */

for (1=1; 1<10; 1++){
for (J=0; j<(1024*1024); j++) C[J]=0;
tl=clock();
mult_block(A, B, C, n, intpow(2, 1));
t2=clock()-t1;
printf(’'1024 , %d , %ld\n", intpow(2, 1), t2);
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} else { /* case k > 0 */

/* Allocating space, get inputs for A, B, initializing C */
A=get_matrix_space(k);

B=get_matrix_space(k);

C=get_matrix_space(k);

for (n=0; n<(k*k);n++) C[n]=0;

for(n=0; n<(k*k); n++) scanf("%d", &A[N]);

for(n=0; n<(k*k); n++) scanf("'%d", &B[n]);

/* Run mult_block with r=min(k/2, 512) */
if (k/2 < 512) mult_block(A, B, C, k, k/72);
else mult _block(A, B, C, k, 512);

/* Printing C as in case k > 0 in mlpl */
printf("'%d ", K);

for (n=0; n<(k*k -1); n++) printf("%d ", C[n]);
printf(""%d\n", CL(k*k-1)1);

/* Freeing memory */
free_matrix_space(A);
free_matrix_space(B);
free_matrix_space(C);

}
return O;
3
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