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#include <sys/socket.h>
 
int listen(int socket, int backlog);

���������������������������������������������socket

socket������������������������������������

�������������������������������

backlog������������������������������������
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#include <sys/socket.h>
 
int accept(int socket,
           struct sockaddr *addr, socklen_t *addr_len);

��������������������������socket��������������������
����������

socket������������������������������listen

addr�����addr_len������������������������������������
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#include <sys/types.h>
#include <sys/socket.h>
 
int connect(int socket,
            struct sockaddr *addr, socklen_t addr_len);

������socket��������������������������������

addr�����addr_len�������������������������

���������������������������������������������accept
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getaddrinfo

socket

connect

read write

close EOF
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getaddrinfo

socket

bind

listen

accept

read write

EOF close
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getaddrinfo

socket

connect

read write

close EOF
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getaddrinfo

socket

bind

listen

accept

read write

EOF close
����shutdown
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open_clientfd �
getaddrinfo

socket

connect

read write

close EOF
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getaddrinfo

socket

bind

listen
� open_listenfd

accept

read write

EOF close
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getaddrinfo

socket

connect

read write

close EOF
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getaddrinfo

socket

bind

listen

accept

read write

EOF close

read write

close EOF
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socket

connect

read write

EOF close
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���������� tcp_server.c

....
memset(&hints, 0, sizeof(struct addrinfo));
hints.ai_family = AF_INET;        /* Request IPv4 */
hints.ai_socktype = SOCK_STREAM;  /* Accept TCP connections */
hints.ai_flags = AI_PASSIVE;      /* ... on any IP address */
Getaddrinfo(NULL, portno, &hints, &addrs);
 
ls = Socket(addrs->ai_family, addrs->ai_socktype, addrs->ai_protocol);
Bind(ls, addrs->ai_addr, addrs->ai_addrlen);
Freeaddrinfo(addrs);
Listen(ls, 5);
 
while (1) {
  ....
  s = Accept(ls, (struct sockaddr *)&addr, &len);
  amt = Read(s, buffer, MAXBUF);
  write(1, buffer, amt);
  write(1, "\n", 1);
  write(s, &amt, sizeof(amt));
  Close(s);
}
....

��



���������� tcp_client.c

....
memset(&hints, 0, sizeof(struct addrinfo));
hints.ai_family = AF_INET;        /* Request IPv4 */
hints.ai_socktype = SOCK_STREAM;  /* TCP connection */
Getaddrinfo(hostname, portno, &hints, &addrs);
 
s = Socket(addrs->ai_family, addrs->ai_socktype, addrs->ai_protocol);
Connect(s, addrs->ai_addr, addrs->ai_addrlen);
Freeaddrinfo(addrs);
 
copies = ((argc == 5) ? atoi(argv[4]) : 1);
len = strlen(argv[3]);
while (copies--) {
  amt = Write(s, argv[3], len);
  if (amt != len) app_error("incomplete write");
}
 
got = 0;
amt = Read(s, &got, sizeof(got));
printf("server got %ld\n", got);
Close(s);
....
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������������csapp.c�

ssize_t rio_readn(int fd, void *usrbuf, size_t n);
ssize_t rio_writen(int fd, void *usrbuf, size_t n);

�����read�����write�������������������������������
�������������������������������
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tcp_server2.c

....
s = Accept(ls, (struct sockaddr *)&addr, &len);
 
while (1) {
  char buffer[MAXBUF];
  size_t amt = Rio_readn(s, buffer, MAXBUF);
  if (amt == 0) {
    printf("client is done\n");
    Rio_writen(s, &total_amt, sizeof(total_amt));
    break;
  } else {
    Rio_writen(1, buffer, amt);
    Rio_writen(1, "\n", 1);
    total_amt += amt;
  }
}
 
Close(s);
....
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tcp_client2.c

....

while (copies--)
 Rio_writen(s, argv[3], len);

Shutdown(s, SHUT_WR);

got = 0;
amt = Rio_readn(s, &got, sizeof(got));
if (amt != sizeof(got))
 app_error("response truncated");

printf("server got %ld\n", got);

Close(s);

....
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tcp_server3.c

....
s = Accept(ls, (struct sockaddr *)&addr, &len);
 
amt = Rio_readn(s, &total_amt, sizeof(total_amt));
if (amt != sizeof(total_amt))
  app_error("amount truncated");
 
buffer = malloc(total_amt);
amt = Rio_readn(s, buffer, total_amt);
 
Rio_writen(1, buffer, amt);
Rio_writen(1, "\n", 1);
free(buffer);
 
write(s, &amt, sizeof(amt));
Close(s);
....
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tcp_client3.c

....

len = strlen(argv[3]);

amt = copies * len;
Rio_writen(s, &amt, sizeof(amt));

while (copies--)
 Rio_writen(s, argv[3], len);

got = 0;
amt = Rio_readn(s, &got, sizeof(got));
if (amt != sizeof(got))
 app_error("response truncated");

printf("server got %ld\n", got);

Close(s);

....
��
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server client

lnr = Open_listenfd(....);
fd = Accept(lnr, ....);

 

 
fd = Open_clientfd(....);
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server client
"Hi\n"

lnr = Open_listenfd(....);
fd = Accept(lnr, ....);

 

 
fd = Open_clientfd(....);

Rio_writen(fd, "Hi\n", 3);
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server client
"Hi\n"

"Hi\n"

lnr = Open_listenfd(....);
fd = Accept(lnr, ....);

 
  Rio_writen(fd, ....);

 
fd = Open_clientfd(....);

Rio_writen(fd, "Hi\n", 3);
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server client
"Hi\n"

"Hi\n"

lnr = Open_listenfd(....);
fd = Accept(lnr, ....);

 while (readline(fd, ....))
  Rio_writen(fd, ....);

 
fd = Open_clientfd(....);

Rio_writen(fd, "Hi\n", 3);

...
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server client
"Hi\n"

"Hi\n"

lnr = Open_listenfd(....);
fd = Accept(lnr, ....);

 while (readline(fd, ....))
  Rio_writen(fd, ....);

 
fd = Open_clientfd(....);

Rio_writen(fd, "Hi\n", 3);

...
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#include "csapp.h"
 
void rio_readinitb(rio_t *rp, int fd);
ssize_t rio_readlineb(rio_t *rp, void *buf, size_t maxlen);
ssize_t rio_readnb(rio_t *rp, void *buf, size_t n);

rio_initb��������������������������������������������
�������������������������

rio_readlineb������������������������������
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rio_readnb���������rio_readn���������������������
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echo.c

int main(int argc, char **argv) {
  int listenfd, connfd;
  char client_hostname[MAXLINE], client_port[MAXLINE];
  struct sockaddr_storage clientaddr; /* Enough room for any addr */
 
  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);
 
    echo(connfd);
 
    Close(connfd);
  }
}
.....
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echo.c

....
 
void echo(int connfd) {
  size_t n;
  char buf[MAXLINE];
  rio_t rio;
 
  Rio_readinitb(&rio, connfd);
 
  while((n = Rio_readlineb(&rio, buf, MAXLINE)) != 0) {
    printf("server received %ld bytes\n", n);
    Rio_writen(connfd, buf, n);
  }
}

�����������������������Computer Systems: A Programmer’s Perspective�����������������
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��������������������������locahost����4567�

$ telnet localhost 4567
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browser
client

http://www.eng.utah.edu/~cs4400/
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www.eng.utah.edu:80

web server
browser
client

http://www.eng.utah.edu/~cs4400/
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www.eng.utah.edu:80

web server
browser
client

http://www.eng.utah.edu/~cs4400/
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www.eng.utah.edu:80

web server
browser
client

http://www.eng.utah.edu/~cs4400/

GET /~cs4400/ HTTP/1.0
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www.eng.utah.edu:80

web server
browser
client

http://www.eng.utah.edu/~cs4400/

GET /~cs4400/ HTTP/1.0

<html>�</html>
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scheme://host:port/path?query#fragment
����������������������

scheme������������������

http ⇒ ����

���

��

https ⇒ ����
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ftp ⇒ ���
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scheme://host:port/path?query#fragment
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scheme������������������
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www.eng.utah.edu

google.com

127.0.0.1
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scheme://host:port/path?query#fragment
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scheme������������������

host��������������������

port��������������������

������������80

http://localhost/ ⇒ �����������localhost

http://localhost:8090/ ⇒ �������������localhost
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scheme://host:port/path?query#fragment
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scheme://host:port/path?query#fragment
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http://www.eng.utah.edu/~cs4400/network.pdf
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scheme://host:port/path?query#fragment
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scheme://host:port/path?query#fragment
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scheme://host:port/path?query#fragment

����������path����������?�
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Percent encoding�
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http://host:port/path?query#fragment
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http://host:port/path?query#fragment
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GET /path?query HTTP/1.0CRLF
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http://host:port/path?query#fragment

�������������������host:port����������������������

GET /path?query HTTP/1.0CRLF

field: valueCRLF ←�����������������header
CRLF
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http://host:port/path?query#fragment
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GET /path?query HTTP/1.0CRLF
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http://host:port/path?query#fragment

�������������������host:port����������������������

GET /path?query HTTP/1.0CRLF

field: valueCRLF ←�����������������header
CRLF
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http://host:port/path?query#fragment

�������������������host:port����������������������

GET /path?query HTTP/1.0CRLF

field: valueCRLF ←�����������������header
CRLF
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HTTP/1.0 status status-messageCRLF

field: valueCRLF ←�����������������header
CRLF

data
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http://host:port/path?query#fragment
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GET /path?query HTTP/1.0CRLF
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HTTP/1.0 status status-messageCRLF
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CRLF
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http://host:port/path?query#fragment

�������������������host:port����������������������

GET /path?query HTTP/1.0CRLF

field: valueCRLF ←�����������������header
CRLF
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HTTP/1.0 status status-messageCRLF

field: valueCRLF ←�����������������header
CRLF

data

status status-description
200 OK
301 Moved permanently
400 Bad request
501 Not implemented
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http://host:port/path?query#fragment
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GET /path?query HTTP/1.0CRLF
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HTTP/1.0 status status-messageCRLF
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CRLF
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POST /path?query HTTP/1.0CRLF
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data
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Content-Length������������������������������POST�����

Content-Type��������������������������POST�����
� text/html������
� text/html; charset=utf-8�������������������������
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����TINY Web Server��������������������������������������������

���������/path?query���������

���/path����������������/cgi-bin�
� ������������path����������������
� �������Content-Length������������
� ������Content-Type�������������������
� ������������������������������

���/path��������/cgi-bin�
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� ����QUERY_STRING�������������������������query
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tiny.c

 int main(int argc, char **argv) {
   int listenfd, connfd;
   char hostname[MAXLINE], port[MAXLINE];
   struct sockaddr_storage clientaddr;
 
   listenfd = Open_listenfd(argv[1]);
   while (1) {
     socklen_t clientlen = sizeof(clientaddr);
     connfd = Accept(listenfd, (SA *)&clientaddr, &clientlen);
 
     Getnameinfo((SA *) &clientaddr, clientlen, hostname, MAXLINE,
                 port, MAXLINE, 0);
     printf("Accepted connection from (%s, %s)\n", hostname, port);
 
     doit(connfd);
 
     Close(connfd);
  }
}
....
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tiny.c

void doit(int fd) {
  int is_static;

char buf[MAXLINE], method[MAXLINE], uri[MAXLINE], version[MAXLINE];
  char filename[MAXLINE], cgiargs[MAXLINE];
  rio_t rio;
 
  Rio_readinitb(&rio, fd);
 
  if (!Rio_readlineb(&rio, buf, MAXLINE))
    return;
  sscanf(buf, "%s %s %s", method, uri, version);
 
  read_requesthdrs(&rio);
 
  is_static = parse_uri(uri, filename, cgiargs);
 
  ....
}
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tiny.c

void read_requesthdrs(rio_t *rp) {
  char buf[MAXLINE];
 
  Rio_readlineb(rp, buf, MAXLINE);
  while (strcmp(buf, "\r\n"))
    Rio_readlineb(rp, buf, MAXLINE);
}
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tiny.c

int parse_uri(char *uri, char *filename, char *cgiargs) {
 ....

 if (!strstr(uri, "cgi-bin")) {
   ....
   if (uri[strlen(uri)-1] == '/')
     strcat(filename, "home.html");
   ....
   return 1; /* => static content */
 } else {
   ....
   return 0; /* => dynamic content */
 }

}
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tiny.c

void doit(int fd) {
  struct stat sbuf;

  ....
  if (stat(filename, &sbuf) < 0) {
    clienterror(fd, filename, "404", "Not found",
                ....);
    return;
  }
 
  if (is_static) {
    ....
    serve_static(fd, filename, sbuf.st_size);
  } else {
    ....
    serve_dynamic(fd, filename, cgiargs);
  }
}
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tiny.c

void serve_static(int fd, char *filename, int filesize) {
  int srcfd;
  char *srcp, filetype[MAXLINE], buf[MAXBUF];
 
  get_filetype(filename, filetype);
  sprintf(buf, "HTTP/1.0 200 OK\r\n");
  sprintf(buf, "%sServer: Tiny Web Server\r\n", buf);
  sprintf(buf, "%sConnection: close\r\n", buf);
  sprintf(buf, "%sContent-length: %d\r\n", buf, filesize);
  sprintf(buf, "%sContent-type: %s\r\n\r\n", buf, filetype);
  Rio_writen(fd, buf, strlen(buf));
 
  srcfd = Open(filename, O_RDONLY, 0);
  srcp = Mmap(0, filesize, PROT_READ, MAP_PRIVATE, srcfd, 0);
  Close(srcfd);
  Rio_writen(fd, srcp, filesize);
  Munmap(srcp, filesize);
}
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tiny.c

void get_filetype(char *filename, char *filetype) {
  if (strstr(filename, ".html"))
    strcpy(filetype, "text/html");
  else if (strstr(filename, ".gif"))
    strcpy(filetype, "image/gif");
  else if (strstr(filename, ".png"))
    strcpy(filetype, "image/png");
  else if (strstr(filename, ".jpg"))
    strcpy(filetype, "image/jpeg");
  else
    strcpy(filetype, "text/plain");
}
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tiny.c

 void serve_dynamic(int fd, char *filename, char *cgiargs) {
  char buf[MAXLINE], *emptylist[] = { NULL };
 
  /* Return first part of HTTP response */
  sprintf(buf, "HTTP/1.0 200 OK\r\n");
  Rio_writen(fd, buf, strlen(buf));
  sprintf(buf, "Server: Tiny Web Server\r\n");
  Rio_writen(fd, buf, strlen(buf));
 
  if (Fork() == 0) {
    setenv("QUERY_STRING", cgiargs, 1);
    Dup2(fd, STDOUT_FILENO); /* Redirect stdout to client */
    Execve(filename, emptylist, environ);
  }
  Wait(NULL);
}
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