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#include <stdio. h>
#i ncl ude <math. h>
#include <pthread.h> // required for threads usage

#defi ne MAX_N 100000000
#def i ne MAX_THREADS 25

/1

int

11

shared vari abl es

nthreads, // nunber of threads (not counting main())
n, // range to check for prineness

prime[ MAX_N+1], // in the end, prime[i] =1 if i
nextbase; // next sieve multiplier to be used
lock for the shared variabl e nextbase

prime, else 0

pt hread_nut ex_t next basel ock = PTHREAD MJUTEX_| NI Tl ALI ZER;

Il

ID structs for the threads

pthread_t i d[ MAX_THREADS] ;

/1
voi

{

/1
VOi

"crosses out" all odd nultiples of k

d crossout (int k)

int i;

for (i =3; i*k <=n; i +=2) {
prinme[i*k] = 0O;

each thread runs this routine
d *worker(int tn) // tnis the thread nunmber (0,1,...)
int |imbase,
work = 0; // anpunt of work done by this thread
/1 no need to check multipliers bigger than sqrt(n)
lim= sqrt(n);
do {
/1 get next sieve multiplier, avoiding duplication across threads
/1 lock the |ock
pt hr ead_nut ex_| ock( &ext basel ock) ;
base = nextbase;
next base += 2;
/1 unl ock
pt hr ead_nut ex_unl ock( &ext basel ock) ;
if (base <=1im {
/1 don’t bother crossing out if base known conposite
if (prine[base]) {
crossout (base);
work++; // log work done by this thread

}
el se return work;
} while (1);

in(int argc, char **argv)

int nprines,
i,work;

n = atoi (argv[1]);

nthreads = atoi (argv[2]);

/1 mark all even nunbers nonprine, and the rest "prine until

/1 shown ot herw se"

for (i =3; i <=n; i++) {
if (i == 0) prine[i] =
else pring[i] = 1;

/'l nunber of prines found

0;

}

next base = 3;

/1 get threads started

for (i =0; i < nthreads; i++) {
/1 this call says to create a thread, record its IDin the array
/1 id, and get the thread started executing the function worker(),
/1 passing the argument i to that function
pthread_create(& d[i], NULL, wor ker,i);
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}
/'l barrier, to wait for all done
for (i =0; i < nthreads; i++) {
/1 this call said to wait until thread nunber id[i] finishes
/1 execution, and to assign the return value of that thread to our
/1 local variable work here
pthread_join(id[i], &work);
printf ("%l val ues of base done\n", work);
}

Il report results
nprimes = 1;
for (i =3; i <=n; i++4)
if (primefi]) {
npri mes++;

printf("the nunmber of primes found was %\ n", nprines);

/1 this include file is mandatory
#i ncl ude <npi. h>

#defi ne MAX_N 100000
#define PIPE_MSG O // type of nessage containing a nunber to

be checked
/'l type of nessage indicating no nore data wll

be com ng

#defi ne END_MSG 1

int NNodes, /* nunber of nodes in conputation*/
N, /* find all prines from2 to N */
Me, /* ny node nunber */
ToCheck; /* current nunber to check for passing on to next node;
stylistically this mght be nicer as a local in
Node* (), but | have placed it here to dramati ze
the fact that the globals are NOT shared anpbng
the nodes */
double T1,T2; /* start and finish tines */
I'nit (Argc, Argv)
int Argc; char **Argv;

{ int DebugWiit;

N = atoi (Argv[1]);
DebugWait = atoi (Argv[2]);

/* this loop is here to synchronize all nodes for debuggi ng;
if DebugWait is specified as 1 on the command line, all nodes
wait here until the debugging programrer starts GDB at all
nodes and within GDB sets DebugWait to O to then proceed */
whi | e (DebugWait) ;

/* mandatory to begin any MI
MPI _I nit(&Argc, &Argv);

program */

/* puts the nunmber of nodes in NNodes */

MPI _Comm si ze( MPI _COVWM WORLD, &\Nodes) ;

/* puts the node nunber of this node in Me */
MPI _Conm r ank( MPI _COVMM WORLD, &M\e) ;

/* OK, get started; first record current time in T1 */
if (M ==2) T1 =MI_Wine();
}
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Node0()

{ int I, Dumy,
Error; /* not checked in this exanple */
for (I =1; I <= N2; I++) {

ToCheck =2 * | + 1;

if (ToCheck > N) break;

/* MPI_Send -- send a nessage
par aneters:
pointer to place where nmessage is to be drawn from
nunber of items in message
itemtype
destination node
message type ("tag") progranmer-defined
node group nunber (in this case all nodes) */

if (ToCheck %3 > 0)

Error = MPl _Send(&ToCheck, 1, MPl _I NT, 1, Pl PE_MSG, MPl _COVM WORLD) ;

}

Error = MPI_Send(&Dunmmy, 1, MPl _I NT, 1, END_MSG, MPI _COVM WORLD) ;
}
Nodel()

{ int Error, /* not checked in this exanple */

Dunmy;
MPl _Status Status; /* see bel ow */

while (1) |
/* MPI_Recv -- receive a nessage
par aneters:
pointer to place to store nessage
nunber of items in message (see notes on
this at the end of this file)
itemtype
accept nmessage from whi ch node(s)
nessage type ("tag"), programer-defined (in this
case any type)
node group nunber (in this case all nodes)
status (see notes on this at the end of this file) */
Error = MPl _Recv(&ToCheck, 1, MPI _I NT, 0, MPI _ANY_TAG,
MPI _COVM WORLD, &St at us) ;
if (Status. MPl _TAG == END_MSG) break;
if (ToCheck %5 > 0)
Error = MPl _Send(&ToCheck, 1, MPl _I NT, 2, Pl PE_MSG, MPl _COVM WORLD) ;

}

/* now send our end-of-data signal, which is conveyed in the
message type, not the nmessage (we have a dummy nessage j ust
as a pl acehol der */

Error = MPI_Send(&Dunmmy, 1, MPI _I NT, 2, END_MSG, MPI _COWM WORLD) ;

}

Node2()

{ int ToCheck, /* current nunber to check from Node 0 */
Error, /* not checked in this exanple */
Pri meCount, |, | sConposite;
MPI _Status Status; /* see below */

PrimeCount = 3; /* must account for the primes 2, 3 and 5, which
won't be detected bel ow */
while (1) {
Error = MPI _Recv(&ToCheck, 1, MPI _I NT, 1, MPl _ANY_TAG,
MPI _COVM WORLD, &St at us) ;
if (Status. MPl _TAG == END_MSG) break;
| sConposite = 0;
for (I =7; I*I <= ToCheck; | += 2)
if (ToCheck %1 == 0) {
| sConposite = 1;
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}

br eak;

if (!lsConposite) PrimeCount++;

/* check the time again,

T2 = MPI_Wine();
printf("el apsed tine
/* print results */

and subtract to find run tine */

= o\ n", (float) (T2-T1));

printf("nunmber of primes = %\ n", Pri meCount);

mai n(argc, ar gv)
int argc; char **argv;

{

Init(argc,argv);

/* note: instead of having a switch statenent, we could
three different prograns, each running on a different

switch (M) {
case 0: NodeO();
br eak;
case 1: Nodel();
break;
case 2: Node2();
s
/* mandatory for all
MPI _Finali ze();

WPI

prograns */

wite
node */



