// communications 2003-11-11
$ cat commun1.cpp
// This generates prime numbers
#include <stdio.h>

int isprime[10000];

void deal_with_data(int x)

 { printf(" %d", x); }

void end_data(void)

 { printf("\n"); }

void main(void)

 { for (int i=0; i<10000; i+=1)

     isprime[i]=1;

   for (int p=2; p<10000; p+=1)

     if (isprime[p])

      { deal_with_data(p);

        for (int i=2*p; i<10000; i+=p)

          isprime[i]=0; }

   end_data(); }

$ cat commun2.cpp
// this analyses the distribution of last digits
#include <stdio.h>

int get_next_data(void)

 { int n;

   scanf("%d", &n);

   return n; }

void main(void)

 { int distrib[10];

   for (int i=0; i<10; i+=1)

     distrib[i]=0;

   for (int i=0; i<100; i+=1)

    { int n=get_next_data();

      int lastdig=n%10;

      distrib[lastdig]+=1; }

   for (int i=0; i<10; i+=1)

     printf("  %d:%d%%", i, distrib[i]);

   printf("\n"); }

// what if I want to analyse the distribution 

// of the last digits of prime numbers?
Each function is designed to be “in charge”: the “producer” creates some data and calls a function to take it. The “consumer” calls a function to get its data. Each function wants to call the other as a subroutine. This is a common design situation.

Co-routines

(from the language Simula-67)

#include <stdio.h>

int shared;

coroutine P;

coroutine C;

int isprime[10000];

void producer(void)

 { for (int i=0; i<10000; i+=1)

     isprime[i]=1;

   for (int p=2; p<10000; p+=1)

     if (isprime[p])

      { shared=p;
        resume(C);

        for (int i=2*p; i<10000; i+=p)

          isprime[i]=0; } }

void consumer(void)

 { int distrib[10];

   for (int i=0; i<10; i+=1)

     distrib[i]=0;

   for (int i=0; i<100; i+=1)

    { resume(P);
      int n=shared;

      int lastdig=n%10;

      distrib[lastdig]+=1; }

   for (int i=0; i<10; i+=1)

     printf("  %d:%d%%", i, distrib[i]);

   printf("\n"); }

void main(void)

{

  P = start(producer);

  C = start(consumer);

  resume(C); }
Difficult to implement efficiently.

Each coroutine can call on other functions unrestrictedly. No way to decide in advance on an adequate stack size for each, but there is only one stack segment (address space P1). How can they share it?

A solution that seems OK for two coroutines won’t be good enough. There could be any number of coroutines all cooperating happily.

Must get the ordering and synchronisation Just Right.

Communicating through a Shared File
#include <stdio.h>

#include <unistd.h>

void deal_with_data(FILE *f, int x)

 { fprintf(f, "%d\n", x);

   fflush(f); }

void producer(void)

 { FILE *f=fopen("channel", "a");

   if (f==NULL)

   { printf("producer didn't open\n");

     exit(1); }

   int isprime[10000];

   for (int i=0; i<10000; i+=1)

     isprime[i]=1;

   for (int p=2; p<10000; p+=1)

     if (isprime[p])

      { deal_with_data(f, p);

        for (int i=2*p; i<10000; i+=p)

          isprime[i]=0; }

   fclose(f); }

int get_next_data(FILE *f)

 { int n;

   static int lastpos=0;

   while (1)

    { int ok=fscanf(f, "%d", &n);

      if (ok!=1)

      { usleep(100);

        freopen("channel", "r", f);

        fseek(f, lastpos, SEEK_SET); }

      else

        lastpos=ftell(f);
      if (ok==1) break; }

   return n; }

void consumer(void)

 { FILE *f=fopen("channel", "r");

   if (f==NULL)

   { printf("consumer didn't open\n");

     exit(1); }

   int distrib[10];

   for (int i=0; i<10; i+=1)

     distrib[i]=0;

   for (int i=0; i<100; i+=1)

    { int n=get_next_data(f);

      int lastdig=n%10;

      distrib[lastdig]+=1; }

   for (int i=0; i<10; i+=1)

     printf("  %d:%d%%", i, distrib[i]);

   printf("\n"); }

void main(void)

{ FILE *f=fopen("channel", "w");

  fclose(f);

  int p=fork();

  if (p==0)

    producer();

  else

    consumer(); }
Communicating through Shared Memory
#include <stdio.h>

#include <unistd.h>

#include <sys/ipc.h>

#include <sys/shm.h>

void deal_with_data(FILE *f, int x)

 { fprintf(f, "%d\n", x);

   fflush(f); }

void producer(void)

 { int shmid=shmget(16523, 512, IPC_CREAT | SHM_R | SHM_W);

   if (shmid<0)

   { printf("shmget failed\n");

     exit(1); }

   int *shared=(int *)shmat(shmid, 0, 0);

   if (shared==(int *)-1)

   { printf("shmat failed\n");

     exit(1); }

   shared[0]=0; shared[1]=0;

   int isprime[10000];

   for (int i=0; i<10000; i+=1)

     isprime[i]=1;

   for (int p=2; p<10000; p+=1)

     if (isprime[p])

      { while (shared[0]!=0) usleep(100);

        shared[0]=1;

        shared[1]=p;

        for (int i=2*p; i<10000; i+=p)

          isprime[i]=0; } }

void consumer(void)

 { sleep(1);

   int shmid=shmget(16523, 512, IPC_CREAT | SHM_R | SHM_W);

   if (shmid<0)

   { printf("shmget failed\n");

     exit(1); }

   int *shared=(int *)shmat(shmid, 0, 0);

   if (shared==(int *)-1)

   { printf("shmat failed\n");

     exit(1); }

   int distrib[10];

   for (int i=0; i<10; i+=1)

     distrib[i]=0;

   for (int i=0; i<100; i+=1)

    { while (shared[0]==0) usleep(100);

      int n=shared[1];

      shared[0]=0;

      int lastdig=n%10;

      distrib[lastdig]+=1; }

   for (int i=0; i<10; i+=1)

     printf("  %d:%d%%", i, distrib[i]);

   printf("\n"); }

void main(void)

{ int p=fork();

  if (p==0)

    producer();

  else

    consumer(); }
The Abstract Ideal
#include <stdio.h>

#include <unistd.h>

channel c;

void producer(void)

 { int isprime[10000];

   for (int i=0; i<10000; i+=1)

     isprime[i]=1;

   for (int p=2; p<10000; p+=1)

     if (isprime[p])

      { send p on c;
        for (int i=2*p; i<10000; i+=p)

          isprime[i]=0; }

   fclose(f); }

void consumer(void)

 { FILE *f=fopen("channel", "r");

   if (f==NULL)

   { printf("consumer didn't open\n");

     exit(1); }

   int distrib[10];

   for (int i=0; i<10; i+=1)

     distrib[i]=0;

   for (int i=0; i<100; i+=1)

    { int n;
      receive n on c;

      int lastdig=n%10;

      distrib[lastdig]+=1; }

   for (int i=0; i<10; i+=1)

     printf("  %d:%d%%", i, distrib[i]);

   printf("\n"); }

void main(void)

{ int p=fork();

  if (p==0)

    producer();

  else

    consumer(); }
