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Implementing Concurrency 
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A process with Multiple Threads 
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Threads vs. Processes 
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Posix Threads (pthreads) 
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Hello World, with pthreads 

/*  
 * hello.c - Pthreads "hello, world" program  
 */ 
#include "csapp.h" 

void *thread(void *vargp); 

int main() { 
  pthread_t tid; 

  Pthread_create(&tid, NULL, thread, NULL); 
  Pthread_join(tid, NULL); 
  exit(0); 
} 

/* thread routine */ 
void *thread(void *vargp) { 
  printf("Hello, world!\n");  
  return NULL; 
} 
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Hello World, with pthreads 
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Thread-based Echo Server 
int main(int argc, char **argv) 
{ 
    int listenfd, *connfdp, port, clientlen; 
    struct sockaddr_in clientaddr; 
    pthread_t tid; 

    if (argc != 2) { 
        fprintf(stderr, "usage: %s <port>\n", argv[0]); 
        exit(0); 
    } 
    port = atoi(argv[1]); 

    listenfd = open_listenfd(port); 
    while (1) { 
        clientlen = sizeof(clientaddr); 
        connfdp = Malloc(sizeof(int)); 
        *connfdp = Accept(listenfd,(SA *)&clientaddr,&clientlen); 
        Pthread_create(&tid, NULL, thread, connfdp); 
    } 
} 
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Thread-based Echo Server 
/* thread routine */ 
void *thread(void *vargp) 
{ 
    int connfd = *((int *)vargp); 

    Pthread_detach(pthread_self()); 
    Free(vargp); 

    echo_r(connfd); /* thread-safe version of echo() */ 
    Close(connfd); 
    return NULL; 
} 

? 

pthread_detach() is recommended in the proxy lab 
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Issue 1: Detached Threads 
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Issue 2: Avoid Unintended Sharing 

connfdp = Malloc(sizeof(int)); 
*connfdp = Accept(listenfd,(SA *)&clientaddr,&clientlen); 
Pthread_create(&tid, NULL, thread, connfdp);     

connfd = Accept(listenfd,(SA *)&clientaddr,&clientlen); 
Pthread_create(&tid, NULL, thread, (void *)&connfd);     



16 

Issue 3: Thread-Safe 
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Synchronizing with Semaphores 

Just a very brief description 
Details in the next lecture 
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Sharing with POSIX Semaphores 

#include "csapp.h" 
#define NITERS 1000 

unsigned int cnt; /* counter */ 
sem_t sem;        /* semaphore */ 

int main() { 
    pthread_t tid1, tid2; 

    Sem_init(&sem, 0, 1); 

    /* create 2 threads and wait */ 
    ...... 

    exit(0); 
} 

/* thread routine */ 
void *count(void *arg) 
{ 
  int i; 

  for (i=0;i<NITERS;i++){ 
        P(&sem); 
        cnt++; 
        V(&sem); 
  } 
  return NULL; 
} 
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Thread-safety of Library Functions 

Thread-unsafe function
 
 Reentrant version

asctime    asctime_r 
ctime     ctime_r 
gethostbyaddr    gethostbyaddr_r 
gethostbyname    gethostbyname_r 
inet_ntoa    (none) 
localtime    localtime_r 
rand     rand_r 
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Thread-unsafe Functions: Fixes 

hostp = Malloc(...)); 
gethostbyname_r(name, hostp, …); 

struct hostent  
*gethostbyname(char *name) 
{ 
  static struct hostent h; 
  <contact DNS and fill in h> 
  return &h; 
} 
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Thread-unsafe Functions: Fixes 
2. Lock-and-copy 

 Issue: Requires only simple changes in caller 
 However, caller must free memory 

struct hostent  
*gethostbyname_ts(char *name)  
{ 
  struct hostent *p; 
  struct hostent *q = Malloc(...); 
  P(&mutex); /* lock */ 
  p = gethostbyname(name); 
  *q = *p;   /* copy */ 
  V(&mutex); 
  return q; 
} 
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Common Hazards 
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Caching 
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Cache Replacement 
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Cache Synchronization 
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Summary 
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TA Evaluation Form 


