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220 tesla.comm.toronto.edu ESMTP
Sendmail 8.9.0/8.9.0; Thu,
2 Jul 1998 05:07:59 -0400 (EDT)
HELO bhaskara.comm.utoronto.ca

250 tesla.comm.toronto.edu Hello
bhaskara.comm [128.100.10.9]7,
pleased to meet you

MAIL FROM:

<banerjea@comm.utoronto.ca>

250 <banerjea@comm.utoronto.ca>...
Sender ok

RCPT TO: <alg@nal.utoronto.ca>

250 <alg@nal.utoronto.ca>...
Recipient ok

DATA

354 Enter mail, end with ‘‘.’’ on
a line by itself

Hi Al,

This section on email sure needs
a lot of work...

250 FAA00803 Message accepted for
delivery

QUIT

221 tesla.comm.toronto.edu
closing connection
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%
% socket % 4
%
2 accept
%
connect
% 4
accept
14
14 %
2 1
>
recvfrom =4
Server
Blocks until server receives Connect
a connect request from client negotiation

1#%2 >3

% bind
listen

% socket

% 4
%
2
Client
socket ()

connect ()




types

Server

Blocks until server receives
data from client

sendto ()

1#%2 ?3

%

.h> <sys/socket.h>
8 9

7. % (4!

Client

recvirom/()

socket !

int socket(int family, int type, int protocol);

%

family

3

<sys/socket.h>

=>IH
% 4514 %
PF_ %

type
SOCK_STREAM SOCK_DGRAM

( SOCK_DGRAM

PF_XXX

%

AF_UNIX
AF_INET

3
SOCK_RAW ( SOCK_STREAM

AF_XXX
AF_INET

A*

<sys/
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( SOCK_RAW
% protocol >
family type protocol
+ %
SOCK_STREAM AF_INET % 4
%
SOCK_DGRAM AF_INET =4
% socket
8F 9 7 socket
( bind
!
int bind(int sd, struct sockaddr *name, int namelen);
sd socket name
14
namelen ' % bind
+ — % sockaddr
6
struct sockaddr {
u_short sa_family; /* address family */
char sa_datal14]; /* address */
Yi
sa_family sa_data s
2 |
14 %
! <netinet/in.h>6
struct in addr {
u_long s_addr; /* 32-bit IP address */
Y
struct sockaddr_in {
u_short sin_family; /* AF_INET */
u_short sin_port; /* TCP or UDP port */
struct in_addr sin_addr; /* 32-bit IP address */
char sin_zero[8]; /* unused */
Y
( ! sockaddr_in
sockaddr
2 sin_family
AF_INET % sin_port
4 +:-

2 sin_port
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%
sin_addr 14 2 14
sin_addr INADDR_ANY
14 %
14 % sin_zero
struct sockaddr_in A

% ! %

sin_port sin_addr

2

2 htons htonl
2 ntohs

%
<sys/types.h> <netinet/in.h> %

u_long htonl(u_long hostlong);
u_short htons(u_short hostshort);
u_long ntohl(u_long netlong);
u_short ntohs(u_short netshort);

( connect %

int connect(int sd, struct sockaddr *name, int namelen);

sd socket name
namelen
name 2 connect
2
connect #
#
% connect +
(
listen %

int listen(int sd, int backlog);

sd socket

A)

bind

ntohl

backlog
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@9 %
% listen +

( listen
accept

int accept(int sd, struct sockaddr *addr, int *addrlen);

sd socket addr
accept # 14
addrlen
addr 7 addrlen
! accept
% accept
— %
sd %
(
sd
write sendto % write
/
write 8
connect9 7 sendto
%
int write(int sd, char *buf, int buflen);
int sendto(int sd, char *buf, int buflen, int flags,
struct sockaddr *addrp, int addrlen);
sd buf
buflen flags
8 9
+ addrp sockaddr
addrlen
write sendto
% read recvirom %
int read(int sd, char *buf, int buflen);
int recvfrom(int sd, char * buf, int buflen, int flags,
struct sockaddr *addrp, int *addrlen);
% buf
buflen

read recvfrom
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! close
%
int close(int sd);
sd % close +
, $ 2 !
<
' - 14 +4++++++  +++ ++
+++ ++ + + %
<sys/socket.h> <sys/types.h> <netdb.h> %
<netdb.h>

struct hostent {

char *h_name; /* official name of host */

char **h_aliases; /* alias name this host uses */

int h_addrtype; /* address type */

int h_length; /* length of address */

char **h_addr_list; /* list of addresses from name

server */
Yi
% h_name [
h_aliases NULL
% h_aliases[0] h_aliases[1]
h_addrtype
AF_INET h_length ., %
h_addr_1list
NULL

$ 5533 $9O #B128 #93
% 6
gethostbyname and gethostbyaddr

struct hostent *gethostbyname (char *name);

% gethostbyname
struct hostent %
NULL % name

% gethostbyname
/etc/hosts

struct hostent *gethostbyaddr (char *addr, int len, int type);
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% gethostbyaddr
AF_INET %
gethostbyname %
% 4
+ ( 14
+4++++++ A+ A+ + 1)A1 1) %
inet_addr

inet_ntoa % <sys/types.h> <sys/

socket.h> <netinet/in.h> <arpa/inet.h>

# 33 $H2 #5128 #9$
% -
6 inet_nota and inet_addr

char *inet_ntoa(struct in_addr in);

% inet_ntoa - 14

unsigned long inet_addr (char *cp);

% inet_addr
- 4
) * ((
(
%4 %
%
(
! 8 9
BUFLEN
% 4
2
++ write
M1+ + M M
+ @+ A+ M %
read %

/* A simple echo server using TCP */

#include
#include
#include
#include

<stdio.h>
<sys/types.h>
<sys/socket.h>
<netinet/in.h>

#define SERVER_TCP_PORT

3000 /* well-known port */



#define BUFLEN 256

. %

int main(int argc, char **argv)

{

int n, bytes_to_read;

int sd, new_sd, client_len, port;
struct sockaddr_in server, client;
char *bp, buf [BUFLEN];

switch(argc) {

case 1:
port = SERVER_TCP_PORT;
break;

case 2:
port = atoi(argv[l]);
break;

default:

@

/* buffer length */

fprintf(stderr, "Usage: %s [port]\n", argv([0]);

exit(1);
}

/* Create a stream socket */

if ((sd = socket(AF_INET, SOCK_STREAM, 0)) == -1)

fprintf(stderr, "Can’t create a socket\n");
exit(1);
}

/* Bind an address to the socket */

{

bzero((char *)&server, sizeof(struct sockaddr_in));

server.sin_family = AF_INET;
server.sin_port = htons(port);
server.sin_addr.s_addr = htonl(INADDR_ANY) ;
if (bind(sd, (struct sockaddr *)&server,
sizeof (server)) == -1) {

fprintf(stderr, "Can’t bind name to socket\n");

exit(1);
}

/* queue up to 5 connect requests */
listen(sd, 5);

while (1) {
client_len = sizeof(client);
if ((new_sd = accept(sd, (struct sockaddr *)

&client, &client_len)) == -1) {
fprintf(stderr, "Can’t accept client\n");
exit(1);

}

bp = buf;
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bytes_to_read = BUFLEN;

while ((n = read(new_sd, bp, bytes_to_read))
bp += n;
bytes_to_read -= n;

}

write(new_sd, buf, BUFLEN);
close(new_sd);

¥
close(sd);
return(0) ;

%
14 gethostbyname
read

/* A simple TCP client */
#include <stdio.h>
#include <netdb.h>
#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>

#define SERVER_TCP_PORT 3000

> 0) {

%

#define BUFLEN 256 /* buffer length */

int main(int argc, char **argv)

{
int n, bytes_to_read;
int sd, port;
struct hostent *hp;
struct sockaddr_in server;

char *host, *bp, rbuf[BUFLEN], sbuf[BUFLEN];

switch(argc) {

case 2:
host = argv[l];
port = SERVER_TCP_PORT;
break;

case 3:
host argv[1l];
port = atoi(argv[2]);
break;

default:
fprintf(stderr, "Usage: %s host[port]\n",
exit(1);

argv([0]);
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/* Create a stream socket */

if ((sd = socket(AF_INET, SOCK_STREAM, 0)) == -1) {
fprintf(stderr, "Can’t create a socket\n");
exit(1);

}

bzero((char *)&server, sizeof(struct sockaddr_in));
server.sin_family = AF_INET;

server.sin_port = htons(port);

if ((hp = gethostbyname(host)) == NULL) {

fprintf(stderr, "Can’t get server’s address\n");
exit(1);
}

bcopy (hp->h_addr, (char *)&server.sin_addr,
hp->_length) ;

/* Connecting to the server */
if (connect(sd, (struct sockaddr *)&server,

sizeof (server)) == -1) {
fprintf(stderr, "Can’t connect\n");
exit(1);

¥

printf("Connected: server’s address is %s\n",
hp->_name) ;

printf ("Transmit:\n");
gets(sbuf) ; /* get user’s text */
write(sd, sbuf, BUFLEN); /* send it out */

printf ("Receive:\n");

bp = rbuf;

bytes_to_read = BUFLEN;

while ((n = read (sd, bp, bytes_to_read)) > 0) {
bp += n;
bytes_to_read -= n;

I
printf ("ss\n", rbuf);
close(sd);
return(0);
}
)( *2 . 23
< 5 =4 %
=4
> recvirom
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/* Echo server using UDP */
#include <stdio.h>

#include <sys/types.h>
#include <sys/socket.h>
#include <netinet/in.h>

#define SERVER_UDP_PORT 5000 /* well-known port */
#define MAXLEN 4096 /* maximum data length */

int main(int argc, char **argv)

{
int sd, client_len, port, n;
char buf [MAXLEN] ;
struct sockaddr_in server, client;

switch(argc) {

case 1:
port = SERVER_UDP_PORT;
break;

case 2:
port = atoi(argv[1l]);
break;

default:
fprintf(stderr, "Usage: %s [port]\n", argv([0]);
exit(1);

}

/* Create a datagram socket */

if ((sd = socket(AF_INET, SOCK_DGRAM, 0)) == -1) {
fprintf(stderr, "Can’t create a socket\n");
exit(1);

}

/* Bind an address to the socket */
bzero((char *)&server, sizeof(server));
server.sin_family = AF_INET;
server.sin_port = htons(port);
server.sin_addr.s_addr = htonl(INADDR_ANY) ;
if (bind(sd, (struct sockaddr *)&server,

sizeof (server)) == -1) {
fprintf(stderr, "Can’t bind name to socket\n");
exit(1);

}

while (1) {

client_len = sizeof(client);

if ((n = recvfrom(sd, buf, MAXLEN, O,

(struct sockaddr *)&client, &client_len)) < 0) {
fprintf(stderr, "Can’'t receive datagram\n");
exit(1);



) (!

}

if (sendto(sd, buf, n, 0,

(struct sockaddr *)&client, client_len) != n) {
fprintf(stderr, "Can’t send datagram\n");
exit(1);

}

}
close(sd);
return(0);
}
%
start gettimeofday
(
end
%
%

F

/* A simple UDP client which measures round trip delay */
#include <stdio.h>

#include <string.h>

#include <sys/time.h>

#include <netdb.h>

#include <sys/types.h>

#include <sys/socket.h>

#include <netinet/in.h>

#define SERVER_UDP_PORT 5000
#define MAXLEN 4096 /* maximum data length */
#define DEFLEN 64 /* default length */

long delay(struct timeval tl, struct timeval t2);

int main(int argc, char **argv)

{
int data_size = DEFLEN, port = SERVER_UDP_PORT;
int i, j, sd, server_len;
char *pname, *host, rbuf[MAXLEN], sbuf[MAXLEN];
struct hostent *hp;
struct sockaddr_in server, client;
struct timeval start, end;

pname = argv[0];
argc--;
argv++;
if (argc > 0 && (strcmp(*argv, "-s") == 0)) {
if (--argc > 0 && (data_size = atoi(*++argv))) {
argc--;

*%

. %
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argvtt;
}
else {
fprintf (stderr,
"Usage: %s [-s data_size] host [port]\n",
pname) ;
exit(1);
}

}
if (argc > 0) {
host = *argv;
if (--argc > 0)
port = atoi(*++argv);

}

else {
fprintf (stderr,
"Usage: %s [-s data_size] host [port]\n", pname);
exit(1);

}

/* Create a datagram socket */

if ((sd = socket(AF_INET, SOCK_DGRAM, 0)) == -1) {
fprintf(stderr, "Can’t create a socket\n");
exit(1);

}

/* Store server’s information */

bzero((char *)&server, sizeof(server));

server.sin_family = AF_INET;

server.sin_port = htons(port);

if ((hp = gethostbyname(host)) == NULL) {
fprintf(stderr,

"Can’'t get server’s IP address\n");
exit(1);

}

bcopy (hp->h_addr, (char *)&server.sin_addr,
hp->_length) ;

/* Bind local address to the socket */
bzero((char *)&client, sizeof(client));
client.sin_family = AF_INET;
client.sin_port = htons(0);
client.sin_addr.s_addr = htonl(INADDR_ANY) ;
if (bind(sd, (struct sockaddr *)&client,

sizeof(client)) == -1) {
fprintf(stderr, "Can’t bind name to socket\n");
exit(1);

¥

if (data_size > MAXLEN) {
fprintf(stderr, "Data is too big\n");



}

/*

* Compute the delay between tl and t2 in milliseconds

) (! *)

exit(1);
}
/* data is a, b, ¢, ..., z, a, b, ... */
for (i = 0; 1 < data_size; i++) {
j=(i<26)?21:1% 26;
sbuf [i] = "a" + 7;
}

gettimeofday(&start, NULL); /* start delay measure */
/* transmit data */

server_len = sizeof (server);
if (sendto(sd, sbuf, data_size, 0, (struct sockaddr *)

&server, server_len) == -1) {
fprintf(stderr, "sendto error\n");
exit(1);

}

/* receive data */

if (recvfrom(sd, rbuf, MAXLEN, 0O, (struct sockaddr *)
&server, &server_lens) < 0) {
fprintf(stderr, "recvfrom error\n");
exit(1);

}

gettimeofday(&end, NULL); /* end delay measure */

printf ("Round-trip delay = %1d ms.\n",
delay(start, end));

if (strncmp(sbuf, rbuf, data_size) != 0)
printf("Data is corrupted\n");

close(sd);
return(0);

long delay (struct timeval tl, struct timeval t2)

{

long d;

d = (t2.tv_sec - tl.tv_sec) * 1000;
d += ((t2.tv_usec - tl.tv_usec + 500) / 1000);
return(d) ;
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