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1. #include "mpi.h"

2. #include <math.h>

3. #include <stdio.h>

4. #define MIN(a,b) ((a)<(b)?(a):(b))

5. typedef long long LL; // Filb A n{E lel0 5N TEE int
Bo

7. int main (int argc, char *argv[])

8. {

9. LL count; /* Local prime count */

10. double elapsed_time; /* Parallel execution time */
11. LL first; /* Index of first multiple */
12. LL global_count; /* Global prime count */

13. LL high_value; /* Highest value on this proc */
14. LL i;

15. int id; /* Process ID number */

16. LL index; /* Index of current prime */
17. LL low_value; /* Lowest value on this proc */
18. char *marked; /* Portion of 2,...,'n" */

19. LL n; /* Sieving from 2, ..., 'n" */
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int p; /* Number of processes */

int proc@_size; /* Size of proc @'s subarray */
LL prime; /* Current prime */
LL size; /* Elements in 'marked' */

MPI_Init (&argc, &argv);
/* Start the timer */

MPI_Comm_rank (MPI_COMM_WORLD, &id);
MPI_Comm_size (MPI_COMM_WORLD, &p);
MPI_Barrier(MPI_COMM_WORLD);
elapsed_time = -MPI_Wtime();

if (argc != 2) {
if (!id) printf ("Command line: %s <m>\n", argv[@]);
MPI_Finalize();
exit (1);

n = atoll(argv[1]);

/* Figure out this process's share of the array, as
well as the integers represented by the first and
last array elements */

low_value = 2 + (LL) id * (n - 1) / p;

value b F#
high_value = 1 + (LL) (id + 1) * (n - 1) / p;
size = high_value - low_value + 1;

/* Bail out if all the primes used for sieving are
not all held by process @ */

proc@_size = (n - 1)/p;

if ((2 + proc@_size) < (int) sqrt((double) n)) {  // XHEKMIT LM ELUEHAEE 0

B2y, 75 AR
if (!'id) printf ("Too many processes\n");
MPI_Finalize();
exit (1);

/* Allocate this process's share of the array. */
marked = (char *) malloc (size);
if (marked == NULL) {

printf ("Cannot allocate enough memory\n");

MPI_Finalize();
exit (1);

for (i = ©; i < size; i++) marked[i] = ©;
if (!id) index = ©;
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if (prime * prime > low_value)
first = prime * prime - low_value;
else {
if (!(low_value % prime)) first = 0;
else first = prime - (low_value % prime);

}
for (i = first; i < size; i += prime) marked[i] = 1;  // H§=miEH Pra T
if (1id) {

while (marked[++index]); /] HEIF—1ERH

prime = index + 2;

}
if (p > 1) MPI_Bcast (&prime, 1, MPI_LONG_LONG_INT, @, MPI_COMM_WORLD);

} while (prime * prime <= n);

count = 9;

for (i = @; i < size; i++) [/ G A R R R A (RED AN
if (!marked[i]) count++;

if (p > 1) MPI_Reduce (&count, &global count, 1, MPI_LONG_LONG_INT, MPI_SUM,

1 count %3] @ Sl fE

@, MPI_COMM_WORLD);
else global_count = count;

/* Stop the timer */

elapsed_time += MPI_Wtime();

/* Print the results */

if (lid) {
printf ("There are %11d primes less than or equal to %11d\n",
global_count, n);
printf ("SIEVE (%d) %10.6f\n", p, elapsed_time);
}
MPI_Finalize ();
return 0;
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#tdefine VALUE_TO_INDEX(x) ((x - 3) / 2)
#define INDEX_TO VALUE(x) (x * 2 + 3)
RERAL 5 ) R B R«
if (!id) index = ©;
prime = 3;
do {
if (prime * prime > low_value) {
first = VALUE_TO_INDEX(prime * prime) - low_index;
} else {
if (!(low_value % prime)) first = 0;
else {
LL t = (prime - low_value % prime) + low_value;
if (t % 2) first = VALUE_TO_INDEX(t) - low_index;
else first = VALUE_TO_INDEX(t + prime) - low_index;




}
// printf("prime = %d, id = %d, first = %d\n", prime, id, first);
for (i = first; i < size; i += prime) marked[i] = 1;
if (!id) {
while (marked[++index]);
prime = INDEX_TO_VALUE(index);
}
if (p > 1) MPI_Bcast (&prime, 1, MPI_LONG_LONG_INT, ©, MPI_COMM_WORLD);

} while (prime * prime <= n);
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prime = 3;
do {
if (prime * prime > low_value) {
first = VALUE_TO_INDEX(prime * prime) - low_index;
} else {
if (!(low_value % prime)) first = 0;
else {
LL t = (prime - low_value % prime) + low_value;
if (t % 2) first = VALUE_TO_INDEX(t) - low_index;
else first = VALUE_TO_INDEX(t + prime) - low_index;

for (i = first; i < size; i += prime) marked[i] = 1;

/] RN — AR
for (i = prime; i <= N; i += prime) cand[i] = 1;

do prime++; while (prime % 2 == @ || cand[prime]);

} while (prime * prime <= n);
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® 2020080902011@mpi-exp:~$ getconf -a | grep CACHE

LEVEL1_TCACHE_SIZE 32768
LEVEL1 TCACHE_ASSOC

LEVEL1 TCACHE_LINESIZE 64
LEVEL1 DCACHE_SIZE 49152
LEVEL1 DCACHE_ASSOC 12
LEVEL1 DCACHE_LINESIZE 64
LEVEL2_CACHE_SIZE 1310720
LEVEL2_CACHE_ASSOC 20
LEVEL2_CACHE_LINESIZE 64
LEVEL3_CACHE_SIZE 37748736
LEVEL3_CACHE_ASSOC 12
LEVEL3_CACHE_LINESIZE 64
LEVEL4_CACHE_SIZE (5]

LEVEL4_CACHE_ASSOC
LEVEL4 CACHE_LINESIZE
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cache AL HIRBEAAD AT

block_size & X :

#define block _size 589824 // 37748736 / 64

HERE A AL B I 2R A

for (1 = 2; 1 <= N; i++) {
if (st[i]) continue;
primes[primes_cnt++] = i;
for (j =1 *1i; j<=N; j+=1) st[j] = 1;

}
cache LA J5 1 9 2= Hlod 75
while (block_low_index <= high_index) {




if (block_high_index > high_index) block_high_index = high_index;

for (i = 1; i < primes_cnt && primes[i] * primes[i] <= high_value; i++) {

LL prime_pos = primes[i];

LL block_low_value = INDEX_TO_VALUE(block_low_index);
LL block_high_value = INDEX_TO_VALUE(block_high_index);

if (prime_pos * prime_pos > block_high _value) continue;

if (prime_pos * prime_pos >= block_low_value)
first = VALUE_TO_INDEX(prime_pos * prime_pos);
else {
if (!(block_low_value % prime_pos)) first = block_low_index;
else {
LL t = prime_pos - (block_low_value % prime_pos) + block_low_value;
if (t % 2) first = VALUE_TO_INDEX(t);
else first = VALUE_TO_INDEX(t + prime_pos);

for (j = first; j <= MIN(block_high_index, block_low_index + size - 1); j += prime_pos)

marked[j - low_index] = 1;

block_low_index = block_high_index + 1;

block_high_index += block_size;
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// for (i = 0; i < size; i++) marked[i] = ©;

memset(marked, 0, size);

// for (i = @; i < N; i++) st[i] = ©;
memset(st, 0, N);
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#define VALUE_TO INDEX(x) ((x - 3) / 2)
#define INDEX_TO_VALUE(x) (x * 2 + 3)
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if (id == 1) printf("id = 1, prime_pos = %11d, first = %11d\n", prime_pos, first);
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® 2020080902011@mpi-exp:~$ mpiexec -n 16 ./get primes vO 10000000000
There are 455052511 primes less than or equal to 10000000000
SIEVE (16) 28.034435

K 5 AU BT EER

® 2020080902011@mpi-exp:~$ mpiexec -n 16 ./get primes_vl 10000000000
There are 455852511 primes less than or equal to 10000000000
SIEVE (16) 14.015778

6 Rifimis TR

® 2020080902011@mpi-exp:~$ mpiexec -n 16 ./get primes_v2 10000000000
There are 455052511 primes less than or equal to 10000000000
SIEVE (16) 13.613911

K7 HERT R AT E R

® 2020080902011@mpi-exp:~$ mpiexec -n 16 ./get primes_v3 10000000000
There are 455052511 primes less than or equal to 10000000000
SIEVE (16) 4.812951

8 cache AL I1iE 1T 45 R

® 2020080902011@mpi-exp:~$ mpiexec -n 16 ./get primes_v4 10000000000
There are 455052511 primes less than or equal to 10000000000
SIEVE (16) 3.732432
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