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p_echo.c

int main(int argc, char **argv) {
  ....
  listenfd = Open_listenfd(argv[1]);
  while (1) {
    socklen_t clientlen = sizeof(struct sockaddr_storage);
    connfd = Accept(listenfd, (SA *)&clientaddr, &clientlen);
 
    if (Fork() == 0) { 
       Close(listenfd);
       Getnameinfo((SA *) &clientaddr, clientlen,
                   client_hostname, MAXLINE, client_port, MAXLINE, 0);
       printf("Connected to (%s, %s)\n", client_hostname, client_port);
 
       echo(connfd);
 
       Close(connfd);
       exit(0);
    }
    Close(connfd);
  }
}
.....
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p_echo.c

int main(int argc, char **argv) {
  ....
  listenfd = Open_listenfd(argv[1]);
  while (1) {
    socklen_t clientlen = sizeof(struct sockaddr_storage);
    connfd = Accept(listenfd, (SA *)&clientaddr, &clientlen);
 
    if (Fork() == 0) { 
       Close(listenfd);
       Getnameinfo((SA *) &clientaddr, clientlen,
                   client_hostname, MAXLINE, client_port, MAXLINE, 0);
       printf("Connected to (%s, %s)\n", client_hostname, client_port);
 
       echo(connfd);
 
       Close(connfd);
       exit(0);
    }
    Close(connfd);
  }
}
.....
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p_echo.c

int main(int argc, char **argv) {
  ....
  listenfd = Open_listenfd(argv[1]);
  while (1) {
    socklen_t clientlen = sizeof(struct sockaddr_storage);
    connfd = Accept(listenfd, (SA *)&clientaddr, &clientlen);
 
    if (Fork() == 0) { 
       Close(listenfd);
       Getnameinfo((SA *) &clientaddr, clientlen,
                   client_hostname, MAXLINE, client_port, MAXLINE, 0);
       printf("Connected to (%s, %s)\n", client_hostname, client_port);
 
       echo(connfd);
 
       Close(connfd);
       exit(0);
    }
    Close(connfd);
  }
}
.....
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p_echo.c

void sigchld_handler(int sig)  {
  while (waitpid(-1, 0, WNOHANG) > 0)
    ;
}
 
int main(int argc, char **argv) {
  ....
  Signal(SIGCHLD, sigchld_handler);
  ....
}
 
....
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#include <pthread.h>
 
int pthread_create(pthread_t *thread,
                   const pthread_attr_t *attr,
                   void *(*start_function)(void *),
                   void *start_arg);
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start_function(start_arg);
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#include "csapp.h"
 
int count = 0;
 
void *show_var(void *name) {
  printf("%s %p\n", name, &name);
  count++;
  return NULL;
}
 
int main() {
  pthread_t th;
  show_var("orig");
  Pthread_create(&th, NULL, show_var, "new");
  Sleep(1);
  printf("%d\n", count);
  return 0;
}
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pid_t pthread_t

fork pthread_create

waitpid pthread_join

getpid pthread_self

exit����return thread_exit����return

kill pthread_cancel
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pid_t pthread_t

fork pthread_create

waitpid pthread_join

getpid pthread_self

exit����return thread_exit����return

kill pthread_cancel
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#include <pthread.h>
 
int pthread_join(pthread_t thread, void **result_p);
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#include "csapp.h"
 
int count = 0;
 
void *show_var(void *name) {
  printf("%s %p\n", name, &name);
  count++;
  return name;
}
 
int main() {
  pthread_t th;
  void *result;
  show_var("orig");
  Pthread_create(&th, NULL, show_var, "new");
  Pthread_join(th, &result);
  printf("%s\n", result);
  return 0;
}

���� ��



����������������������������

������������������������������������������������������������

���������������pthread_join�����������������
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#include "csapp.h"
 
void *go1(void *ignored) {
  Sleep(1);
  printf("1\n");
  return NULL;
}
 
void *go2(void *th) {
  Pthread_join(*(pthread_t *)th, NULL);
  printf("2\n");
  return NULL;
}
 
int main() {
  pthread_t one, two;
  Pthread_create(&one, NULL, go1, NULL);
  Pthread_create(&two, NULL, go2, &one);
  Pthread_join(two, NULL);
  return 0;
}
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#include "csapp.h"
 
void *go1(void *ignored) {
  Sleep(1);
  printf("1\n");
  return NULL;
}
 
void *go2(void *th) {
  Pthread_join(*(pthread_t *)th, NULL);
  printf("2\n");
  return NULL;
}
 
int main() {
  pthread_t one, two;
  Pthread_create(&one, NULL, go1, NULL);
  Pthread_create(&two, NULL, go2, &one);
  Pthread_join(two, NULL);
  return 0;
}
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#include <pthread.h>
 
int pthread_detach(pthread_t thread);
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t_echo.c

int main(int argc, char **argv) {
  ....
 
  listenfd = Open_listenfd(argv[1]);
  while (1) {
    socklen_t clientlen = sizeof(struct sockaddr_storage);
    connfd = Accept(listenfd, (SA *)&clientaddr, &clientlen);
 
    Getnameinfo((SA *) &clientaddr, clientlen,
          client_hostname, MAXLINE, client_port, MAXLINE, 0);
    printf("Connected to (%s, %s)\n", client_hostname, client_port);
 
    connfd_p = malloc(sizeof(int));
    *connfd_p = connfd;
    Pthread_create(&th, NULL, echo, connfd_p);
    Pthread_detach(th);
  }
 
  return 0;
}
....
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t_echo.c

int main(int argc, char **argv) {
  ....
 
  listenfd = Open_listenfd(argv[1]);
  while (1) {
    socklen_t clientlen = sizeof(struct sockaddr_storage);
    connfd = Accept(listenfd, (SA *)&clientaddr, &clientlen);
 
    Getnameinfo((SA *) &clientaddr, clientlen,
          client_hostname, MAXLINE, client_port, MAXLINE, 0);
    printf("Connected to (%s, %s)\n", client_hostname, client_port);
 
    connfd_p = malloc(sizeof(int));
    *connfd_p = connfd;
    Pthread_create(&th, NULL, echo, connfd_p);
    Pthread_detach(th);
  }
 
  return 0;
}
....
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t_echo.c

int main(int argc, char **argv) {
  ....
 
  listenfd = Open_listenfd(argv[1]);
  while (1) {
    socklen_t clientlen = sizeof(struct sockaddr_storage);
    connfd = Accept(listenfd, (SA *)&clientaddr, &clientlen);
 
    Getnameinfo((SA *) &clientaddr, clientlen,
          client_hostname, MAXLINE, client_port, MAXLINE, 0);
    printf("Connected to (%s, %s)\n", client_hostname, client_port);
 
    connfd_p = malloc(sizeof(int));
    *connfd_p = connfd;
    Pthread_create(&th, NULL, echo, connfd_p);
    Pthread_detach(th);
  }
 
  return 0;
}
....

&connfd�������������
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t_echo.c

....
void *echo(void *connfd_p) {
  int connfd = *(int *)connfd_p;
  size_t n;
  char buf[MAXLINE];
  rio_t rio;
 
  free(connfd_p);
 
  Rio_readinitb(&rio, connfd);
  while((n = Rio_readlineb(&rio, buf, MAXLINE)) != 0) {
    printf("server received %ld bytes\n", n);
    Rio_writen(connfd, buf, n);
  }
 
  Close(connfd);
 
  return NULL;
}
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for (j = 0; j < NUM_CLIENTS; j++)
  fds[j] = Open_clientfd(hostname, port);
 
for (j = 0; j < NUM_CLIENTS; j++) {
  snprintf(buf, MAXBUF, "client%d\n", j);
  Rio_writen(fds[j], buf, strlen(buf));
}
 
for (j = 0; j < NUM_CLIENTS; j++) {
  snprintf(buf, MAXBUF, "client%d\n", j);
  amt = Rio_readn(fds[j], rbuf, strlen(buf));
  rbuf[amt] = 0;
  if (strcmp(buf, rbuf))
    app_error("didn't get expected echo");
}
 
for (j = 0; j < NUM_CLIENTS; j++)
  Close(fds[j]);
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for (j = 0; j < NUM_CLIENTS; j++)
  fds[j] = Open_clientfd(hostname, port);
 
for (j = 0; j < NUM_CLIENTS; j++) {
  snprintf(buf, MAXBUF, "client%d\n", j);
  Rio_writen(fds[j], buf, strlen(buf));
}
 
for (j = 0; j < NUM_CLIENTS; j++) {
  snprintf(buf, MAXBUF, "client%d\n", j);
  amt = Rio_readn(fds[j], rbuf, strlen(buf));
  rbuf[amt] = 0;
  if (strcmp(buf, rbuf))
    app_error("didn't get expected echo");
}
 
for (j = 0; j < NUM_CLIENTS; j++)
  Close(fds[j]);
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select

#include <sys/select.h>
 
int select(int nfds,
           fd_set *readfds, fd_set *writefds, fd_set *errorfds,
           struct timeval *timeout);
 
void FD_ZERO(fd_set *fdset);
void FD_SET(int fd, fd_set *fdset);
int  FD_ISSET(int fd, fd_set *fdset);
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e_echo.c

typedef struct {
  int maxfd;        /* Largest descriptor in read_set */
  fd_set read_set;  /* All active descriptors */
  fd_set ready_set; /* Subset ready for reading  */
  int nready;       /* Number of ready descriptors */
  int maxi;         /* Highwater index into client array */
  int clientfd[FD_SETSIZE];    /* Active descriptors */
  rio_t clientrio[FD_SETSIZE]; /* Active read buffers */
} pool;
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int main(int argc, char **argv) {
  ....
  static pool pool;
 
  listenfd = Open_listenfd(argv[1]);
  init_pool(listenfd, &pool);
 
  while (1) {
    pool.ready_set = pool.read_set;
    pool.nready = Select(pool.maxfd+1,
                         &pool.ready_set, NULL, NULL,
                         NULL);
 
    if (FD_ISSET(listenfd, &pool.ready_set)) {
      clientlen = sizeof(struct sockaddr_storage);
      connfd = Accept(listenfd, (SA *)&clientaddr, &clientlen);
      ....
      add_client(connfd, &pool);
    }
    check_clients(&pool);
  }
}
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e_echo.c

void init_pool(int listenfd, pool *p) {
  /* Initially, there are no connected descriptors */
  int i;
  p->maxi = -1;
  for (i=0; i< FD_SETSIZE; i++)
    p->clientfd[i] = -1;
 
  /* Initially, listenfd is only member of select read set */
  p->maxfd = listenfd;
  FD_ZERO(&p->read_set);
  FD_SET(listenfd, &p->read_set);
}
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e_echo.c

void add_client(int connfd, pool *p) {
  int i;

p->nready--;
  for (i = 0; i < FD_SETSIZE; i++)
    if (p->clientfd[i] < 0) {
      p->clientfd[i] = connfd;
      Rio_readinitb(&p->clientrio[i], connfd);
 
      FD_SET(connfd, &p->read_set);
 
      if (connfd > p->maxfd)
        p->maxfd = connfd;
      if (i > p->maxi)
        p->maxi = i;
      break;
    }
  if (i == FD_SETSIZE)
    app_error("add_client error: Too many clients");
}
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void check_clients(pool *p) {
  int i, connfd, n;
  char buf[MAXLINE];
 
  for (i = 0; (i <= p->maxi) && (p->nready > 0); i++) {
    connfd = p->clientfd[i];
    if ((connfd > 0) && (FD_ISSET(connfd, &p->ready_set))) {
      rio_t rio = p->clientrio[i];
      p->nready--;
      if ((n = Rio_readlineb(&rio, buf, MAXLINE)) != 0) {
        byte_cnt += n;
        printf("Server received %d (%d total) bytes on fd %d\n",
               n, byte_cnt, connfd);
        Rio_writen(connfd, buf, n);
      } else {
        Close(connfd);
        FD_CLR(connfd, &p->read_set);
        p->clientfd[i] = -1;
      }
    }
  }
}
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