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— W. R. Stevens, Unix Network Programming, Prentice-Hall, 1999
O & &

e Unix IPC (Ch 3), RPC (Ch 18), Socket programming (Ch 6)

— W. R. Stevens, Unix Network Programming Vol. 1, Prentice-Hall,
1999.

» Socket Programming (Part 2 And Part 3)

— W. R. Stevens, Unix Network Programming Vol. 2, Prentice-Hall,
1999.

e Unix IPC and RPC programming
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Part 1

Overview of
Contents Delivery Programming
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1. = =2 Ofof
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» Contents Delivery System?
— Contents Delivery Network ?

— Client / Server Model?

e Information Infrastructure
— Internet ?
e TCP/IP

* Network Programming ?
— TCP/IP Reference Model

-> Contents Delivery Programming?
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1.1 TCP/IP Reference Model
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1.1.2 TCP/IP L &
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Isolated Single-user Architecture

Application 1 Application 1
Application n Base Application n Base
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Client/Server Architecture (1)

Server Platform

Service App 1

Service App 2
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Service App n
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Client/Server Architecture (2)
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Spectrum of Client/Server Definitions
 Application

e Data
management

e Network
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Application Tasks in C/S

o User Interface
— what the user actually sees

* Presentation logic

— what happens when the user interacts with the form on
the screen

« Application logic

e DA equests anr || arco
L’ CA \1 WJIULWD CATLITIA 1] Al UL (T VAW )W)

« Data integrity
— such as validation, security, completeness

* Physical data management
— such as update m retrieval, deletion, and addition
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Client/Server Components: Role of Client (1)
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Client/Server Components: Role of Client (2)

» Definition: The client is any application/function/launcher/requester process

* The client extends the user’s workplace
— Access to remote functions and data
— Communication with other peer processes
— Resource sharing as required

* The client allows the user to personalize the workplace
— Custom interface design

rha A lonfh A kb ﬂlf\-l-n;—;nnl” 'l- nnnnnnnnnnn
- I_Ialuvval CIDU|LVVCUC ||U| (o] VARV CqUIICIIICIILD

— Sense of ownership

e The client hides complexity of underlying infrastructure
— Network, operating system, and data access are hidden
— User has a common syntax and lexicon across all application s

gare A client may also be a server concurrently
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Client/Server Components: Role of Server (1)
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Client/Server Components: Role of Server (2)

Definition: The server is a specialized responder to requests
— That is, the server is a process

e The server implements specific functions
— Access to data, services, custom applications
— May provide some aspects of presentation

e Servers can be arranged in a variety of configurations
— Tiered, star, network
— New servers can be implemented with minimal impact
— Multiple servers may exist on the same hardware platform

e Servers may exist on a variety of hardware/software platforms
— Not restricted to microcomputers

4 e A server may also be a client concurrently
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Client/Server Types
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Distributed Remote Distributed Remote Data Distributed
Presentation Presentation Function Management Data Management
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Part 2

Interprocess Communication
(Internal IPC In UNIX)
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Concurrent Processing Environment

o Objective of IPC
— Synchronization between processes
— Semaphore: allowable waiting queue
— wait and wakeup function: P & V operation

— Mutual Exclusion between processes
— Monitor
— Region : critical section <-- semaphore

— Communication between processes
— Buffer : Mailbox, message queue
— Signal : Socket

B
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Interprocess Communication2 JiE

B 0AE

O &2 ZFE AAEHHAL O M2 OE ZRE ALAE
S ZZAMAZE IPC 5 ZZAAZH IPC
user user
process

user user
process process process

kernel

kernel

kernel

O Client-Server Model2l O

stdin filename
— >
4—
Server

filename
Client file contents
or error message

A

file contents
Or error message stdout
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Unix Internal

|PC
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O Summary of Unix IPC system calls

Message queue | Semaphore | Shared memory
include file <sys/msg.h> | <sys/sem.h> | <sys/shm.h>
system call to create or open msgget semget shmget
system call for control operations msgct | semct | shmct |
system calls for |PC operations msgsnd semop shmat

msgrcv shmdt
O kernel2 2 IPC channelOll CHAHAM & file2 CIRJ| 98t 322 Hl==st L2
L E LS

— <sys/ipc.h>0ll &2

- 0 1€ AME0ot] HZEGH| fIiM =
MIOEXI2| ctl system cal |2 AIE

— OtLE2l IPC channelS Bt=1LE S RI0H ALE

llﬁl

struct ipc_perm {

ushort
ushort
ushort
ushort
ushort
ushort
key_t

uid;
gid:
cuid;
cgid;
mode;
seq;
key;

/*owner 's user id x/

/* owner's group id */

/* creator's user id */

/* creator's group id */

/* access modes */

/* slot usage sequence number */
/* key */
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User

<Contents Delivery Programming>

Space
Kernel N
(0S) IPC channel 1 |5 copy
Space IPC channel 2 [R5
IPC channel i . MSQ ’
IPC channel n
IPC channel : means of MQ, SM, Sema, Port
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e Three get system calls
— take a key value
e return integer key value

— msgget
— semget
— shmget

— IPC_CREAT
— IPC_EXCL

— IPC_PRIVATE
— IPC_PERM
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Logic for opening or creating an |PC channel

Start here

yes

OK: return ID

&
e

OK: create new entry and return ID

yes Error return
errno = ENOSPC

yes

no no

Error return
errno = ENOENT

YES  Error return

no Error return
errno = EACCESS
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Message queue structure in kernel

msqid_ds()

msgid
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Message queues(1)

i
llﬁl

O systemlH2] 2 message queuelll CHoH A kernel2 ISt 22 88 X

I
10
>

#include <sys/types.h>
#include <sys/ipc.h>

struct msqid_ds {

struct ipc_perm msg_perm;

struct msg
struct msg
ushor t
ushor t
ushor t
ushor t
ushor t
time_t
time_t
time_t

*msg_first;
*msg_last;
msg_cbytes;
msg_anums;
msg_gbytes;
msg_lspid;
msg_lrpid;
msg_stime;
msg_rtime;
msg_ctime;

/ *
/ *
/ *
/ *
/ *
/ *
/ *
/ *
/ *
/ *
/ *

defines the ipc_perm structure =/

operation permission struct */
ptr to first message on q */
ptr to last message on q */
current # bytes on g x/
current # of messages on g */
max # of bytes allowed on g */
pid of last msgsnd */

pid of last msg rcv */

time of last msgsnd */

time of last msgrcv */

time of last msgct! (that changed the above) */
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Message queues(?)

O msgget system call
- M Z& message queue= Bt=HLIE JIZ=2| message queuell &2

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/msg.h>

int msgget(key_t key, int msgflag);

- msgflag : OIS &=+==2 L&
Numeric Symbolic Description
0400 MSG_R Read by owner
0200 MSG_W Write by owner
0040 MSG_R >> 3 Read by group
0020 MSG_W >> 3 Write by group
0004 MSG_R >> 6 Read by wor Id
0002 MSG_W >> 6 Write by world
|PC_CREAT
|PC_EXCL
%ﬁ‘%ﬁ‘%‘
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Message queues(3)

O msgsnd system cal |
- message queue(il message OILIE €3

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/msg.h>

int msgsnd(int msqg/d, struct msgbuf *ptr, int /ength, int flag);

Pt struct msgbuf {
long mtype; /* message type, must be > Q0 */
char mtext[1]; /* message data */

b

— Jength - message2l 20l (byte™<)
- flag - IPC_NOWAITLt 022 XI &
* |PC_NOWAIT : message queueOfl M Z& messageE <
= Al system cal lA S0ILE= &
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<32>
O msgrcv system cal |
- message queuelll Al messageE HS
#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/msg.h>
int msgrev(int msgid, struct msgbuf *ptr, int /ength, long msgtype, int flag);
- potr © msgsnd2tUl A2t Hl==olH 2'2 messageE MEE HAE HA|
- Jength : ptrOl XIAloteE X2 dataR =2 AJIE HA
- msgtype : queueZEFH U messageE R ot=AE YA
* msgtype = 0, queuell HH M messages &3
* msgtype > 0, msgtypeldl =St type=2 H= HHM messageE s
* msgtype < 0, msgtypell EUXIECE ZHUL &2 type= 0l A
e &2 type=S = UM messageE &=
- flag : RFE typell messagelt queueli A2 R0 HEH & HOIXE HA|
* MSG_NOERROR & & Al, B'2 messagel data £=20| length2Ct ACHHA
= Al data 22 K210 errorglo] sSHE
i
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Message queues(5)

O msgct| system call
— message queuelfl CHst CH

ol

FMO JlsE MZB

#include <sys/types.h> * cmd :© IPC_RMID= message queue=
#include <sys/ipc.h> MAHote 2oz
#include <sys/msg.h> OHIIMS 0|210F AlE

int msgctl(int msg/d, int cmd, struct msqid_ds *buff);

O Multiplexing Messages
— 2t message0ICt ZAE typeE 2= =X

Ct==2| process=0| otLE2l queuetl A messages==2 US3HE &= UEZE oD
LI oH M
client 1 client 2 o'lient 3
pid = 123 pid = 456 pid = 789
A
type = 1 T type = 123 type = 1 T type = 456 type = type = 789
v v

message queue

type = 1 lI type = 123 or 456 or 789

server

i
llﬁl
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Msgget(KEY) --> msg_id

msgsnd(msg_id, msg, length)

Msg.type = x Msg.type =y
Unig_ID -> KEY(msg_id)
Msg type #X @ @
Msg type # @
Msg type #z @

Msg.type =y Msgget(KEY) --> msg_id

Msg.type =z

Msg.type = X

e = Msg 22t 2t

msgrcv(msg_id, &msg, type, length)
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Msg_id = msgget(KEY)

msg AHA - - msgll 22HAA) sHEh

THivy O O - YY—1 O L \<©O 1) = O -
-BE HE= &4 -> msg S A
- msg type= &2
- msg Z O]

Msgsnd(msg_id, msg.type, msg.content, length)

Msg_type = X

Msg_type = x

Receiving
module

msg_id = msgget(KEY)
= g2 2o} 3ty

MSg= == o &
M X 7|O| /\‘lI‘I

2r= msgl| type & &,
Msgrcv(msg_id, &mbuf, length, type, flag)
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L | Sending | ... | Receiving = |
module module

Msg_type = X Sending
@ @ module
(msg.

‘msg Msg_type

module
Receiving Sending
module module
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Sending ReceiVing
modu'e mOdU|e

Msg_type = x Msg-id1 Msg-id2

MQ : msg_idl <-- MKEY! MQ : msg_id2 <-- MKEY2

~d

—

| U
Msg_type = x Msg-id1 Msg-id2

ReceiVing Sending
module module
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Client

KEY

<Contents Delivery Programming>

server
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receiving module
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Sending module
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£ JH 2| Message queueE AlEZol=
client-server2 Ol &l (1)

O msgq.h O ServerE # 8t main &=

#include <sys/types.h> #include "msga.h"

#include <sys/ipc.h> '

#include <sys/msg.h> ?a|n()

#include  <sys/errno.h> int readid, writeid;

extern int errno;
/*

#define MKEY 1 1234 * Create the message queues, if required.

#define MKEY2 23450 */

#define PERMS 0666 if ( (readid = msgget(MKEY1, PERMS | IPC_CREAT)) < 0)

err_sys("server: can't get message queue 1");
if ( (writeid = msgget(MKEY2, PERMS | IPC_CREAT)) < 0)
err_sys("server: can't get message queue 2");
server (readid, writeid);
exit(0);
¥
&

Kooy
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[ — }1 ()l = } -—-} _
S| Message queues AlEote=
ient— O 04 Al
client—server2 Xl (2
O ClientE <e main &=
#include "msgq.h"
main()
{
int readid, writeid;
*
* Open the message queues. The server must have
* already created them.
*
if ( (writeid = msgget(MKEY1, 0)) < 0)
err_sys("client: can't msgget message queue 1");
if ( (readid = msgget(MKEY2, 0)) < 0)
err_sys("client: can't msgget message queue 2");
client(readid, writeid);
/*
*/Now we can delete the message queues.
*
if (msgctl(readid, IPC_RMID, (struct msqid_ds *) 0) <0
err_sys("client: can't RMID message queue 1");
if (msgctl(writeid, IPC_RMID, (struct msgid_ds *) 0) < 0)
err_sys("client: can't RMID message queue 2");
exit(0);
}
%ﬁ%%?
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S IHCl Message queueE AIE0t=
client-server2 Ol Hl(3)

O mesg.h

/*

* Definition of "our" message.

* You may have to change the 4096 to a smaller value, if message queues
on your system were configured with "msgmax" less than 4096.

*

*/

#define MAXMESGDATA (4096-16)
/* we don't want sizeof(Mesg) > 4096 */

#define MESGHORSIZE (sizeof(Mesg) — MAXMESGDATA)
/* length of mesg_len and mesg_type */

typedef struct {

int mesg_len; /* #bytes in mesg_data, can be 0 or > 0 */
long mesg_type: /* message type, must be > 0 */
char mesg_data[MAXMESGDATA] ;

} Mesg:

i
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client-server2l Ol &l (4)

O mesg_send &=

#include "mesg.h"

/*
* Send a message using the System V message queues.

* The mesg_len, mesg_type and mesg_data fields must be filled
* in by the caller.

*/
mesg_send(id, mesgptr)
int id; /* really an msqid from msgget() =/
Mesg *mesgptr;
{

/*

* Send the message — the type followed by the optional data.

*/

if (msgsnd(id, (char =) &(mesgptr—>mesg_type), mesgptr—>mesg_len, 0) !=0)

err_sys("msgsnd error");

}

llﬁl
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— |1 ()l = r -—-} -
S| Message queueE= Al=ote=
ient— O 04l Al
client-server2 KI(5
O mesg_rcv &=
#include "mesg.h"
/*
* Receive a message from a System V message queue.
* The caller must fill in the mesg_type field with the desired type.
* Beturn the number of bytes in the data portion of the message.
* A O-length data message implies end-of-file.
*/
int mesg_recv(id, mesgptr)
int id; /* really an msqid from msgget() =/
Mesg *mesgptr;
{
int n;
/*
* Read the first message on the queue of the specified type.
*/
n = msgrev(id, (char *) &(mesgptr—>mesg_type), MAXMESGDATA, mesgptr—>mesg_type, 0);
if ( (mesgptr—>mesg_len = n) < 0)
err_dump("msgrecv error");
return(n); /* nwill be 0 at end of file */
}
%ﬁ%%?
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otLI2| Message queueE AtEZ20ol=
client-server2 Ol AI(1)

O Server program

#include <stdio.h>
#include "mesg.h"
#include "msgq.h"

Mesg mesg;
main()
{
int id;
/*
* Create the message queue, if required.
*/

if ( (id = msgget(MKEY1, PERMS | IPC_CREAT)) < 0)
err_sys("server: can't get message queue 1");

server(id);

exit(0);

llﬁl
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— C)l = } -—-} _
otL} 2] Message queueE AlEodle=
ient— | 0l Ml
client—server2 Xl (2
server (id)
int id;
{
int n, filefd;
char errmesg[256], *sys_err_str();
/*
* Read the filename message from the IPC descriptor.
*/
mesg.mesg_type = 1L; /* receive messages of this type =/
if ( (n=mesg_recv(id, &mesg)) <= 0)
err_sys("server: filename read error");
mesg.mesg_data[n] = 'W0'; /* null terminate filename */
mesg.mesg_type = 2L; /* send messages of this type x/
if ( (filefd = open(mesg.mesg_data, 0)) < 0) {
/*
* Error. Format an error message and send it back
* to the client.
*/
sprintf(errmesg, ": can't open, %sHn", sys_err_str());
strcat(mesg.mesg_data, errmesg);
mesg.mesg_len = strlen(mesg.mesg_data);
mesg_send(id, &mesg);
i
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= o) = =|
otL} 2] Message queueE AlSole
1 - @)
client-server2 Ol Hl(3)
}else {
/*
* Read the data from the file and send a message to
* the |PC descriptor.
*
/
while ( (n = read(filefd, mesg.mesg_data, MAXMESGDATA)) > 0) {
mesg.mesg_len = n;
mesg_send(id, &mesg);
I3
close(filefd);
if (n<0)
err_sys("server: read error");
I3
/*
* Send a message with a length of O to signify the end.
*
/
mesg.mesg_len = 0;
mesg_send(id, &mesg);
I3
%ﬁ%%?
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otLI2| Message queueE AtEZ0ol=

client-server2 Ol Al (4)

<Contents Delivery Programming>

O Client program

#include
#include
#include

Mesg

main()

{

llﬁl

<stdio.h>
"mesg.h"
||mqu.h||

mesg;

* Open the single message queue. The server must have
* alread "l"t"

HENS

if ((id = msgget(MKEY1, 0)) < 0)
err_sys("client: can't msgget message queue 1");
client(id);

/*
* Now we can delete the message queue.
*/
if (msgctl(id, IPC_RMID, (struct msgid_ds *) 0) < 0)
err_sys("client: can't RMID message queue 1");
exit(0);
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<49> e —_
otLt2l = AtEol=
ofLI2| Message queueE AIE0
jent- Of Ol Ml
client—server2 Nl (5
client(id)
int id;
{
int n;
/*
* Bead the filename from standard input, write it as
* a message to the IPC descriptor.
*/
if (fgets(mesg.mesg_data, MAXMESGDATA, stdin) == NULL)
err_sys("filename read error");
n = strlen(mesg.mesg_data);
if (mesg.mesg_dataln-1] == '#n") n—; /* ignore the newline from fgets() */
mesg.mesg_dataln] = 'W0'; /* overwrite newline at end */
mesg.mesg_len = n;
mesg.mesg_type = 1L; /* send messages of this type */
mesg_send(id, &mesg):
/*
* RBeceive the message from the IPC descriptor and write
* the data to the standard output.
*/
mesg.mesg_type = 2L; /* receive messages of this type */
while( (n = mesg_recv(id, &mesg)) > 0)
if (write(1, mesg.mesg_data, n) !=n)
err_sys("data write error");
if (n<0) err_sys("data read error");
}
%ﬁ%%?
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Semaphores(1)

O semaphore

- sJI3tel J|2

- Ct==2| process=2| &H=2 SI|atotI) oM AIE

- =2 AIE0l=22 shared memory segmentl2 2= SJ|&tot)| /&
O AAEILHS] 2 = semaphorel| & 20l CHolf kernel2 T2t 22 A€ | X

#include <sys/types.h>
#include <sys/ipc.h> /* defines the ipc_perm structure =/

struct semid_ds {

struct ipc_perm sem_perm; /* operation permission struct */
struct sem *sem_base; /* ptr to first semaphore in set */
ushor t sem_nsems; /* # of semaphores in semop */
time_t sem_ot ime; /* time of last semop */
time_t sem_ctime; /* time of last change */
>
* struct sem {
ushort semval; /* semaphore value, nonnegative x/
short  sempid; /* pid of last operation */
ushort semncnt; /* # awaiting semval > cval */
ushort semzcent; /* # awaiting semval = 0 */
}
%ﬁ%%?
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O semget system call
- semaphoreE Bt=HLI J|ZE2| semaphorelil &2
#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/sem.h>
int semget(key_t key, int nsems, int semfl/ag);
- nsems : semaphore®| ==
- semflag : OIS &4%&=2 &
Numeric Symbol ic Description
0400 SEM_R Read by owner
0200 SEM_W Write by owner
0040 SEM_R >> 3 Read by group
0020 SEM_W >> 3 Write by group
0004 SEM_R >> 6 Read by wor |d
0002 SEM_W >> 6 Write by world
|PC_CREAT
|PC_EXCL
%ﬁ%%?

iz
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<52>
Camanhorec ()
VVIII\AVI INV T \J\J \ WV J
O semop system call
- W otLt £= 1 0l 42| semaphore g =0l CHoll H &S =
#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/sem.h>
int semop(int sem/d, struct sembuf **opsptr, unsigned int nops);
~OPSPIr ¢ struct sembuf {
ushort sem_num; /* semapore # */
short sem_op: /* semaphore operation */
short sem_flg; /* operation flags */
b
- sem_op :
® sem_op > 0 : sem_val®2 2¢0| semaphorel| & IH gf0l ol &
0| 212 semaphoredt HlHot= A2 =2 o MOl oHE
@ sem_op = 0 : S=¢t process= semaphorell gf0| 00| EMIXl JICH2I DI E
ral=l
® sem_op < 0 : ¢t process= semaphore2| gt0l sem_op2l ZUtZLH
ALt 20t WIHXl J|CHICEH,
Old=2 MR YUl ohY
‘%‘ﬁ%‘%‘

iz
;??L;?f%&
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Semaphores(4)

<Contents Delivery Programming>

O semct| system call
— semaphore0il CHst CFst HIOH oAt

uin
o
=
Id

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/sem.h>

union semun {

int semct!|(int sem/d, int semnum, int cmd, union semun arg);

i
llﬁl

int val; /* used for SETVAL only =*/

struct semid_ds *puff; /* used for |PC_STAT and IPC_SET =*/

ushor t xarray, /* used for |PC_GETALL & IPC_SETALL =*/
}arg;

— comd : |IPC_RMID= semaphoreE MIoHol)| foH Al

GETVALE semaphore gt=2 JIMH2J| <ol A=
SETVALE Y AlI=l semaphore gt 2 Ht3RI| foH A=



<54> <Contents Delivery Programming>

SemaphoresE Al&ZSt Ol Al

0K

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/sem.h>
#define SEMKEY 123456L /* key value for semget() =/
#define PERMS 0666
static struct sembuf op_lock[2] = {
0, 0, 0, /* wait for sem#0 to become 0 */
0, 1,0 /* then increment sem#0 by 1 %/ };
static struct sembuf op_unlock[1] = {

0, -1, IPC_NOWAIT /* decrement sem#0 by 1 (sets it to 0) =/ };
int semid = -1; /x semaphore */
my_lock(fd)
int fd;
{ if (semid < 0)

if ( (semid = semget (SEMKEY, 1, IPC_CREAT | PERMS)) < 0)
err_sys("semget error");
if (semop(semid, &op_lock[0], 2) < 0)
err_sys("semop lock error");

}
my_unlock(fd)
int fd;
{ if (semop(semid, &op_unlock[0], 1)< 0)
err_sys("semop unlock error);
}
%ﬁ%%?

iz
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Shared Memory(1)

O Client-Server 3t =X 2 &0 AMtE == S&4XQ EIHX ©HE Dol 2 X

kernelO| GO EtE

®serverdt 2 2NN HA=0E Oldds s&2
1 | 21 E serverl| buffer2

X&) LH 2 block buffers 2| otLEE
=Moot FIHAl s& 2= 0|0 AL

OOHH

® server= pipe, FIFO, message queue s2| J|&E S0l otLIE ALE 0t
0l 218t dataE messageltlll = == U P Ol2det MIHXI IPC ZEHS HHL A OfLt
Ol Ol E+ Ot user2| buffer2 = M|t 04 OF SHCH.

rou

® client= IPC channelX{l A GIOIEFE 24 =0l Ol [, CHAI GIOI EFE kernel2] IPC buffer 0| A
client®| bufferE = XI5t OF StLC}.

® O X222 {I0]El= system call write2] SHTH S & B14=21 client2l bufferil A
=2 3l 2 SHI=CH
OdMECZ HIOIEIE WY =XMol=e 240l 2R

® Olst U2 =M= kerneldt AF= AF proces
- 0l2i8t =M E intercontext copy 2t} é*l].

(/)
s
x
02t
%
B
A

i

iz
;??L;?f%&
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Shared Memory(2)

server

O client@ serverAtOIHIM Sl M A0l HOIEF Ol =
client
D

;;\\\ FIFO, pipe
or message

kernel
2t = 20
otJ| /oA HE Il kernel= H ™ JFOF St
=

S7ot== ol Al Ol st 2K

o
i

O Ol 24 8t IPC & E (pipe, FIFO, message queue) 2f
-FEZNAINEEE WE

[ shared memory
-SFOH Ol &S] T2 AAIIAE AL LR

i
llﬁl
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Shared Memory(3)

O shared memory £ 0| &t Client-Server 3t SH ZZ2 & M2l EIHAI S

® server= semaphoreE AtE ot shared memory segmentZ & =2 8tCt.

® server= 2 & ot 2 = shared memory segment= 8 0 S @I Ct.

A=< =4 = shared memoryE Jtel 21 L.

@ 2|t 2A2 & H LI 2 CHAl semaphoreE AFE S clientX| Al & ! Ct.
® client= shared memory segmentOll Al £ 3t 2 G| 0| EtE =L

O shared memoryE Ol £ 8t client2t server?t2| G0l EF Ol =

\4

shared memory i* server

AN
Com o—

kernel

client [¢

i

iz
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Shared Memory(4)

O 2= shared memory segment0fl CHoH M kernel2 CtE 10 22 882 A E #AX
#include <sys/types.h>
#include <sys/ipc.h> /* defines the ipc_perm structure */
struct shmid_ds {
struct ipc_perm shm_perm; /* operation permission struct */
int shm_segsz; /* segment size */
struct XXX shm_YYY; /* implementation dependent info x/
ushor t shm_Ilpid:; /* pid of last operation x/
ushor t shm_cpid; /* creator pid */
ushor t shm_nattch; /* current # attached */
ushor t shm_cnattch; /* in-core # attached */
time_t shm_at ime; /* last attach time */
time_t shm_dt ime; /* last detach time */
time_t shm_ct ime; /* last change time */
I

i
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<59>
O shmget system call
- shared memory segmentE MAGHHUL JIE=2 A0 &2
#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/shm.h>
int shmget(key_t key, int size, int stmflag);
- return value : shared memory &S Xt shmid
- nsems : semaphore®| %=
- semflag : 2 &=2 X&
Numeric Symbolic Description
0400 SHV_R Read by owner
0200 SHM_W Write by owner
0040 SHM_R >> 3 Read by group
0020 SHY_W >> 3 Write by group
0004 SHM_R >> 6 Read by world
0002 SHV_W >> 6 Write by world
|PC_CREAT
IPC_EXCL

iz
;??L;?f%&
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Shared Memory(6)

O shmat system call
- shared memory segmentE attachAl&

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/shm.h>

int shmat(int sfm/id, char *shmaddr, int shmfl/ag);

- return value :shared memory segment2| address
— shared memory2| addressE Z & ot= 112
@® shpaddr = 0 : system S =8t ZTZ A

@ shraddr <> 0 : =SdF= FLE =2 it
5H

O shmdt system call
- shared memory segmentE detachAl&

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/shm.h>

int shmdt(char =*sfmadar);

i
llﬁl
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Shared Memory(7)

<Contents Delivery Programming>

O shmct| system call

— shared memory segmentS MIHAIZ (cmdgt2Z IPC_RMIDE HAl)

#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/shm.h>

int shmctl(int simid, int cmd, struct shmid_ds *buf);

O shm.h

#define NBUFF

#define SHMKEY

#define SEMKEY1
#define SEMKEY2

#define PERMS

#include "mesg.h"

4 /* number of buffers in shared memory */
[* (for multiple buffer version */
((key_t) 7890) /* base value for shmem key */

((key_t) 7891) /* client semaphore key */
((key_t) 7892) /* server semaphore key */

0666

i
llﬁl
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Part 3

Socket Programming
(Unix J| Bt)

B
%
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<64>

BSD 42! API2| A4

™

.
Rl
o}

1T

D

<
K-

)
mn
10

010

oln
TN

4

signal() 1t fork() 2~ IH

=
=

&l
-

<

Jr

OF
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ARSI RS S

« TCP/IPE 0| E0ot= API
« 1982 BSD(Berkeley Software Distribution) =5 A 4.1

. AT A3M(2E) XHE A3 ST TCP/IPE 0|83}

B
%
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IAE AFH IAE AsH
—
InputStream
2oz )H %EEEJE‘!
QutputStream
(I
]
InputStream
s8xz]] o
[ ] % Egii] [ai]
QutputStream
I—
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<67>

Berkeley socket

JHAlI S48 AP

O UNIX system= <Iot0d Jf

— Berkeley socket

— System V TLI(Transport Layer Interface)

— C programming languageE ®ot0d JHE

0.

o]
Ell

o
U
0

File /020 O

i
[

O Network /0

oAl =21

g 221551 9

o o

0.

60
Bl

&l

JI
S

160
100

Bl

&l

0lJ
Al
&l

-

a0
|

[}
-
-

HAECH 20 J[_HA O
H==2 file |/OE2C

0

2 =2t2 =280 U

o

b

m]
Ls

OH OH

0
0z
A

Bl
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a0
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T
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I

T
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Berkeley Socket (H =)

<Contents Delivery Programming>

llﬁl

O socket, TLI, Messages, FIFOs

Sockets TLI Messages FIFOs
Server: |al locate space t_alloc()
create endpoint socket () t_open() msgget () [mknod()
open ()
bind address bind() t_bind()
specify queue listen()
wait for connection |accept() t_listen()
get new fd t_open()
Client: |al locate space t_alloc()
create endpoint socket () t_open() msgget () |open()
bind address bind() t_bind()
connect to server connect() |t_connect()
transfer data read() read() msgrecv() |read()
write() write() msgsnd() [write()
recv() t_rcv()
send() t_snd()
datagrams recvfrom()|t_rcvudata(
sendto() |)
t_sndudata(
)
terminate close() t_close() |[msgctlI() |close()
shutdown() |[t_sndrel () unlink()
t_snddis()




<69>
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ANHOA TCP A3 X =

2H XF A
0O o

connection-oriented protocol

TCP =220 &1 &

{ socket(] )
£ bind()
{ listenld )

Caccept()
-

( socket) Salolie=2H
a2 = g PEAR ===
|2
@Dr—”—'ecﬂj — (TCP three—way hand=shake) o
e cll ol EF s 2 ) T To PO
%E}(ﬁﬂé
E§+i-le-l
——— read() - diclElc= Cowwrite()
( close() & end—of—file OF= = read(l
ll"é‘ll IL
WY { close(l

iz
;??L;?f%&
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Java |l TCP A3 X &2

<Contents Delivery Programming>

2H XF A
0o o

'8
[
il

T1CP Al H

 ServerSocket() )

{accept()

Gl ol Eb (2 )

ClolEHEH

EclolHE= ST H
A =g PN 22
]
/0 ~E2 MAY
il
> read() e—
¥
Z2alo|HE
R XHal

(YO =2 M
!
—{ writel) )
—( read()
¥
. ( close )

¥
{write()

!
{ close 3
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Berkeley Socket (/=)

O connectionless protocol Ol CHet socket system calls

Server
(connectionless protocol)
sacket ()
hind() Client
recvirom() socket ()
blocks until data bind()
received from a client
data (request)
4, sendto()
v
process request
data (reply) R A4
& write() >

recvirom()
R

iz
;??L;?f%&




<72> <Contents Delivery Programming>

JavaOll Al DatagramSocket

o NBHUTP E=_18 &4
UDP Z2¢cio|d E UDP A Hi

{ DatagramSocket() ) ( DatagramSocket()

y Gl 0l EH R )

—( send() ) (receﬁfe(] i

diolen =&

—[receﬁfe[] e (sendl) »——

closel)

B
%
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22 Hs

. A3 IPEAl 2IEEE 2

« J|l=X} HI0| 2 (descriptor table) 0l 2| Xl

JeX HilE e E= A3 32 25
|
a
, (LLFE)
3 pointer
— o family - PF_INET
el = . m (=)
A2 RoIrer service - SOCK_STREAM
{23
] pointer local IP
local port
remote [P
remate port
‘%s'%i‘%‘
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<74>
ANAH H S ?
R d <L (Cont d)
ABE A HIAZE M|
= = = ==
fd=3 | [ed=d | Ed=3 ed=3 ed=3 _':_—'J'\l_il_un—ii_:'_ ______
E:l Ifj f:l f:l ~ A
! v N S
\3:::1:1::' /31::::11 /\3002 /3::.:::3 (EE N=E)
TE =
EdANYE HE
TCR LIDP
IP cIH HZS
TCP/IP [192. 20314411 (P 24 )
fd ! File Descriptar I—:”E‘?_—Ii
=d | Saocket Descriptor
P lntermet Protocol
TCZP: Transmission Control Protocol
LDPF: User Datagram Protocol
&
i

iz
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| &

O]
o<

(TCP or UDP)

LUeEE

1.

o

-
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H
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A310] Ji & (Cont’d)

. 3 A| AEl 2

#include <sys/socket.n>

Int socket (
int domain, [* T2 &EZ MAH ¥
int type, [* Ml A EFQ %/
int protocol ); *HEZ2ES

o2
£
i
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A310] Ji & (Cont’d)

e Domain
« PF_INET /AF_INET
 PF_INET6/AF_INET6
 PF_UNIX/AF _UNIX
— PF : Protocol Family, AF: Address Family
— Sockaddr / sockaddr_in2| 22K
e Type
« SOCK_STREAM
« SOCK_DGRAM
« SOCK_RAW

e Protocol
e Q(MtsEL=Z2 L2 &30 888 &LCH
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N

1. 220 A

}

&2 2L

{(1)Family (2)Type {3)Protocol

[ sin_len ][s.irl_farrmilyr [ sin_port ]I: sin_addr ]l: sin_zero ]

(4)Local Socket Address

[ sin_len ][sin_family][ sin_port ][ sin_addr J[ sin_zero ]

(5)Remote Socket Address
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Ao AR

2. Family
-Xfots IZE2 18 S0 M A Sotas 420/ 82 D E
=R
Family Protocol DZES &+ 49

AF_UNIX FYA 0|2 0HE ®JA 43

AF_INET IPV42l QIEHY Z2ER

AF_INET6 IPV6S CIEHY Z2EZ

AF_NS Xerox IEQID NAS Z2EF |

AF_ISO ISO ZE2ES

AF_IPX Novell IPX Z2E2

AF_APPLETALK Appletakl DDS

RS
;ﬁ%ﬁ‘&
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210] P&

1 _A_.—

>

3. Type
-HE A& gl HEE, M= Z2EZ S
- N =T Z2ES
OIPEZESNWZ2 B8N A= ZE2ESS MEANER
ex) ICMP (Internet Control Message Protocol)

O TCP/UDP 2L} ot A&z APE0| NHtt22 BtH
ENFSESESI N[0 DI
Type 2t Type af =0l (st &9
SOCK_STREAM TCP{AEE A 3)
SOCK_DGRAM UDP(CIOIEI O3 231)
SOCK_RAW Raw4-32!
4. Protocol - 0121 431 EEHIE N335t AR AIE, JI2 220

o2
£
i
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A A Ol El_OI

-4 A — =

1. Stream Socket

- o1 XIgHE (TCP Il
20 2t2 o1 % H0IE ®
A MEO| M3 e r%Ar

L EE U

W f-

Stream| 43! Datagram 23
018 Hip| A OIGIHIA  Rap 4% 2. Datagram Socket
= -Hl 9Z 4 (UDP J| Bt
ToP UDP (UDP JTE5)

- g__l_l_ Al CII‘I' x_Jt "_él—JF

N/ S QIAF AEHO| T K| DN T A

3. Raw Socket
SYHED GO & HE -HEZEEIZ2ER WAA

- ICMP, OSPF S0| AtS
-IP HS 01
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O:”X-” N2 AR A

A O O

 open_socket.c Ol Al

Int fd1, sdi;
fd1l = open(*/etc/passwd”, O_RDONLY, 0);
sdl = socket(PF_INET, SOCK_STREAM, 0);
printf(“File Descriptor %d\n”, fd1);
printf(“Socket Descriptor %d\n”, sdl);
close(fdl);
close(sdl);

- &gl 2}

e File Descriptor =3
 Socket Descriptor = 4
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sa_family(2) sa_data(14)

sin_family(2) | sin_port(2) sin_addr(4) sin_zero(8)

sun_family(2} sun_path(104bytes)

* 20| 2(len)= 4.3B8SD-RenolilA =t ZEME AL 43 =2 OIS
A3StA E2MH Posixl.gllAdE 0|38 &

B9 2 sie=dE OtLIO
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=) = Fl oH
H=a 2XAL AJI, Family Type, 2312 == | 0] H

2. sockaddr in /2= Al
- IPv4 230 =4 2
- 2= Y| 2o in_addr M AFE
- W 22 A0, Family Type, 2310 =AU LTE HS

3. sockaddr un 2 XA

. RUA AN =AY
- EYUSASHA SN0l UL TCPEALLE T tH HE

o2
&
i
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A2 A PEA

struct sockaddr {
u_short sa_family; [* address family */
char sa data[14]; [* =2 %

¥

struct in_addr {
u_long s _addr; [* 32bit IP == A~ */

¥

struct sockaddr_in {
short sin_family; [* 3= M Al */
u_short sin_port; [* 16bit £ E HS */
struct in_addr sin_addr; [* 32bit IP =4~ */
char  sin_zero[8]; [* dummy */

¥

‘%s%i‘zéi‘
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22 =A A XA (Cont’d)

<Contents Delivery Programming>

e sockaddr in =X E AtE
e sockaddritl| @ 8t&d = Floll dummy & &
e sin_family

« AF INET OlEf4l =A HIH

« AF_ UNIX SYA I =2 HA

« AF NS  XEROX Z=4 A

B
%
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Socket Address

SD network system call2 S&H==Z A socket address 292 XIAIKE 222
| X9 AOl= <sys/socket.h>0 UCH.

o @
o
o

struct sockaddr {
u_short sa_family; /* address family: AF_xxx value */
char sa_data[14]; /* up to 14 bytes of protocol-specific address */

};

O 14 byte2] protocol-specific address2] W]-8--2 address2] typeol| wh2kA 34
O Internet familyl] tsFo] tf& %7} <netinet/in.h>°l] 74 2]

struct in_addr {

u_short s_addr; [* 32-bit netid/hostid */
o
struct sockaddr_in {
short sin_family; /* AF_INET */
u_short sin_port;  /* 16-bit port number */
/* network byte ordered */
struct in_addr sin_addr;  /* 32-bit netid/hostid */
/* netowrk byte ordered */
char sin_zero[8]; /* unused */
o
‘%ﬁ%ﬁ‘z’éi‘

iz
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Socket Address( /=)

O <sys/types.n>0 & 2lEl unsigned data type

C Data type 4.3 BSD System V
unsigned char u_char unchar
unsigned short u_short ushor t
unsigned int u_int uint
unsigned long u_long ulong

O Internet, XNS, Unix familyell o} 3+ socket address 2=

struct sockaddr_in struct sockaddr_ns struct sockaddr_un
family family family
2-byte port 4-byte net 1D
4-byte
net 1D, host ID 6-byte host [D
pathname
(up to 108 bytes)
(unused) 2-byte port P Y
(unused)

llﬁl
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<89>

<k
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oF
ol

ol
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<90>
BH S= SFtA Ol H
1. AIAE o= &2 IR
£G4
qed2 A2 E AB o]~
A E]ﬂlomnﬂglﬂ*l*%ﬂ% (; DR >
& 7 (A dA )
AR AA T Y
i B ‘ TCP/IP Eﬁii—% LLEo| r e
- AL S0(2t e HolE flof 2EHMAL U7 J|IsE S &ot=e A
- SHMAHLIS
1. 20 2loll AIAE &t S =
2. HI &St Ol S(HECIAH0IE > Al AR S = CIHHEIOlA > 2 Al
3. 2EXMA LR 2=F01 = =0 gt A |% &l
4. HIHZS OlsS(2Z MM > AlAE S = CIHBEIOIA > HE2IAH 01 &)
iy
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2. 22

IS

teqd St

L - |

A
T

<Contents Delivery Programming>

&
e

1.

A3 EAE 0|RE 2210/ E/MB O DX

Socket Program & 5 =(Stream Socket : TCP)

Server Client

-

[ bnd) | [ socket) |
3 !

| Ilstiﬂ(} | > = connect() |

| accipt() I § |

write()/send()

[ read()recv() |*’"f
¥

| write()/send() I—-f""""'*l read(/reev) |
v

[ read()recv() | ['close()/shutdown() |

| close()/shutdown() |

Socket Program =+ =(Datagram Socket : UDP)
Server Client
socket() socket()

: :
bind() /’f sendto()

' '
recvirom() By recviromi()
sen}lm{} // / cr}lsﬂ )
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= =L _A_
2. A3 2R B

O  socket system call
- 25l= 4 protocol(Internet TCP, Internet UDP, XNS SPP )2 types XI&

O  Syntax

#include <sys/types.h>

Int socket (int family, int type, Int protocol); | 4inciude <sys/socket . h>

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

O  socket system call
1. HERD SAZS ol AIE2E 22 A3 MH
2. W J|=XAHOI20 M2 A& A9 ol AS A It HSZ HE
> return value : sock A|EY S, sockfd

3. &4 oIk
> family: X2 & 22| 28 g4
AF_UNIX UNIX internal protocols
AF_INET Internet protocols O socket type
AF_NS Xerox NS protocols ~SOCK_STREAM stream socket
AF _IMPL INK IMP |ink layer —SOCK_DGRAM datagram socket
— = = —-SOCK_RAW raw socket
> type . _Jn\_%ul” st J}” /\|"‘§>E OEF %/Ql %:i EH ol E—’:! ~SOCK_SEQPACKET sequenced packet socket
—-SOCK_ROM reliably delivered message socket

(not implemented yet)

> protocol : TCP/UDP/RAW & 8t oz °(
llﬁl
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O socket family2t typelfl CHS3dt= protocol
AF_UNIX AF_INET AF_NS
SOCK_STREAM Yes TCP SPP
SOCK_DGRAM Yes UDP |DP
SOCK_RAW [P Yes
SOCK_SEQPACKET SPP
O family, type 12l protocol2t2 X&'
family type protocol/ Actual protocol o |PPROTO_xxx
| , , , | - <netinet/in.h>
AF_INET SOCK_DGRAM [PPROTO_UDP UDP e NSPROTO_xxXx
AF_INET SOCK_STREAM [PPROTO_TCP TCP - <netn8/ ns.h>
AF_INET SOCK_RAW [PPROTO_ICMP [ CMP
AF_INET SOCK_RAW [PPROTO_RAW (raw)
AF_NS SOCK_STREAM NSPROTO_SPP SPP
AF_NS SOCK_SEQPACKET NSPROTO_SPP SPP
AF_NS SOCK_RAW NSPROTO_ERROR Error protocol
AF_NS SOCK_RAW NSPROTO_RAW (raw)
i

iz
;??L;?f%&
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Elementary Socket System cal | (4/=)

O socket system callsit HAHRAS

protoco/ /ocal-aadar, forergn—-aaar,
/local—process forei/gn—-process

connection-oriented socket() bind() listen(), accept()

server
connection-oriented socket () connect()

client
connectionless server scoket () bind() recvfrom()
connectionless client socket () bind() sendto()

O socketpair system call
- 0|820] HA&ZZ O U= sockvec[0] D sockvec[1]0lcts
SIXl socket AI&E HSE =ds

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

int socketpair (int fam/ly, int type, int protoco/, int sockvec/2]);

i
llﬁl
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21 Bt

IS

2. 22

O bind system call
- 0|53 = socketlf 0l B¢
- Z2Z OIHHOIA HEH AR ZEYHS

O  Syntax
int bind  (int sockfd, struct sockaddr * myaddr, int addrlen);

rr
0

AW M2 HAZEH ]

i

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

int bind (int sockfd, struct sockaddr #myaddr, int adar/en);

O binde &

1. AH S0HMHXMS ML

2. server= FTAE FAE
> AN KNS =AQ

3. 2= oLt
»  sockfd : socket() &
» myaddr: 22 IP ¥ 8
> addrlen : ‘sockaddr _in O| 37| &=

d =

—

A0 HEH F=A e 20 UK $S
INES =] (DI E==i D
I E(Well-Known Port) E &Y ot &4 3t

-|>

m ol
| M
HU

ne

Mo

B>

v

10

U

>

=

IS

v

o~

client= XRdIE /et EH F=AE
connectionless client= AIAEIO0 )
Ol2M &= serverdl S22 BY Raet BtE5FAE 20 B= HO0ICH

IFM

i

iz
;??L;?f%&
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Sl ®REpPen JUKE Ny 2oy
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<97>
= =1 AL

| isten system cal |

- connections 2 O0tSO0|A U= 2/XE LEHHI| f?IotK
connection-oriented serverJt AlE

socket 1t bind system call =2t accept system cal | & Ol

A S
_I_OOH

O

O  Syntax
int listen (int sockfd, int backlog)

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

int listen (int sockfd, int back/og)
1. MH S ES U AL 2 AHE s = &S
2. &4 oIkt
1. sockfd :socket)&+ S =2 &St A3 A3 J=L} 2
Z A& Jts =2 XN E(TCP MHU A Bt

2. backlog: &= D] 72
A )
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= =L _A_

O accept system call

— connection-oriented serverJt listen system call2 &gt =,
serverJt accept system cal |2 x=d&f22M HE client processE FH
A KA connections J|CHelC.

O  Syntax
int accept (int sockfd, struct sockaddr * cliaddr, socklen_t * addrlen);

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

int accept (int sockfd, struct sockaddr #peer, int *addr/en);

FILHIHU= HEH0l= 220IHES EH0| 01FHE M MK =5 &
AAMNMOZ &) SFEH MZ FE= U J|=XtE gtet
2= oAt

sockfd : listen() &+~ S &2 &8st A3 A ==
cliaddr: 22l0|HEQ IP FAA =2 ZE HEE &8s XM &
24

Wb e

YV VYV

> addrlen : ‘sockaddr’ 22 M2l AJ| &=
i
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2 A R S

A _A. w_ U ()

O connect system call
—  local systemit 25 systemAlO|2] A X & QI connections & &

O  Syntax
int connect (int sockfd, const struct sockaddr * servaddr, socklen_t addrlen);

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

int connect (int sockfd, struct sockaddr #*servadar, int addrlen);

1. BROIAENA NHES S1ZS &Y

Sk~ o
4. 3-way handshaking@ £ AH A HZ 2 B HE
5. 2= oIk}
> sockfd : socket() & ==
> servaddr: & 5& AMHS2
> addrlen : ‘sockaddr’ 2+ X2 FJ| &S



<100>

<Contents Delivery Programming>

= =1 _A_
2. A3 2R B4

c

read / write / recv / send

1.

o2
£
i

ssize tread (intsockfd, void * buffer, size t len);
of= A3 (sockfd)I M S& Z0[(len)2t 2= AtS A HIH (buffer)2 &1 0 =&

[0

ssize _twrite (int sockfd, void * buffer, size t len);
A Gte A3 (sockfd) Ol A S8 2 0[(len)2t 22 AFE X HIH (buffer) 2 2 4

{01

ssize trecv (int sockfd, void * buffer, size t len, int flags);
- read &2 S Z0otLt flags =2 &t0l ek GIOIEH =& &0l LIS
- flags =&

> IL/ILSG_PEEK: HWERZD HIHU A CIOIE MIA s

i
>
=)

OotAl 1) B{IHOf

= At
> MSG_0O0OB: 2152 HIAIAl &E0ll At&otH TCP ol 12l URG bits 1= HE
> MSG_WAITALL : 2t& et 22 UI0IEHE =& & 2 recv S S0 M =

ssize tsend (int sockfd, void * buffer, size t len, int flags);
- Write &2} S ZolLtf flags H=2| &f0ff ek GIOIE sS4 28 0| LS
- flags =&

» MSG_OOB : OOB Data &4l

» MSG_DONTROUTE: HIOIH E 2t E ot Al &

T

Ct.

rir
JIA

JELE S

o —

0

Al

0
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Elementary Socket System call

O send, sendto, recv, recvfrom system calls

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

int send(int sockfd, char *buff, int nbytes, int f/ags);

int sendto(int sockfd, char *buff, int nbytes, int flags,
struct sockaddr *to, int addr/en);

int recv(int sockfd, char *buff, int nbytes, int f/ags);

int recvfrom(int sockfd, char *buff, int nbytes, int flags,
struct sockaddr *from, int *xaddr/en);

- = read? write AlAE SE0 S A
- flags SgB4= 00|HL OISS REHAMOZ ML gt

—

MSG_00B send or recieve out-of-band data
MSG_PEEK peek at incoming message(recv or recvfrom)
MSG_DONTROUTE bypass routing (send or sendto)

i
llﬁl
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<102>
= 1) Sk A
2. 220 2EA g
sendto / recvfrom
ssize t recvfrom (int sockfd, void * message, size_t len, int flags,

struct sockaddr * send _addr, size_t * add_len);
ssize_t sendto (int sockfd, void * message, size_t len, int flags,
const struct sockaddr*dest addr, size t dest Ien)
)6I-

- S g5 00IH &x412 &Y 0K Bt recvfrom(==41) 1t sendto(S AN ==
UDP S&I0I Al AHE
- recv/send2tl| X0l E 2 =H X0 Ciet 20t FI €= X2 2 0= UD
SECH HELHS M2otH S0 BtEAl 2Rt EEEHE & = US
close / shutdown
int close (int sockfd);
- 23 B2 2U= 0N HE= AHENHA GIOIH S&l =0t
- I S2/ HIOIH Gl CHol A oS LIOIE =4l &Y 242 & AA S=2
int shutdown (int sockfd, int howto);
- TCPAHZN Ust S Yot &80 W P Sz 28 A8 Jis
- close()&t==2t U2 H E UE &g 80| Bt 2 Al2/Ch= XH0|
- howto 1 X}H0ll (HE =E

> SHUT RD  :Read £}, Write Jts
- » SHUT_WR :Read Jt=, Write =0}
e » SHUT RDWR : Read / Write 25 2D}
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3. 22 5d *

A

21} A

L |

1l

A
L

o2
£
i

int getsockopt (int sockfd, int level, int optname, void * optval, socklen_t * optlen);

- 2~ (sockfd) 2| Xl 8= =& (opthame) 2| gk (optval) 2t HEO| E ==(optlen)= EBt&t

int SetSOCkOpt (int sockfd, int level, int optname, void * optval, socklen _toptlen);

22 (sockfd) 0fl = & (optname)= Xl 8ot 10l [HE gt (optval) 2t HIOIE ==
(optlen)° &3

2L OTZ2ES SEA A0 U2 =48, Ul0lE gtez 4
> level: A3 Y TZ2EZCO| Z= (IP, ICMP, IPv6, TCP S)

> optname: Nl =&

> optval : HERSH = &0 CHet GIOIE &k

> optlen : optval2| 37| &
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3. A3 & 2AA s
2. SE2 =L L=

Level . Option Name | Description Type

SOILL_SOCKET ISO BROADCAST H2OAE HARS HerHR MY int
T USODONTROUTE T mlol ==sEeidzuscUsl 23 imt
SO_ERROR deoloistE sy int

"""""""""""""""""""""""""""""" SO KEEPALIVE ez czo gattAle HAESE  int
CTTUsolRoveUE s e=as T

SO, SNDBUF SN HH A=Y int
~ SO_RCVTIMEO 4 sddgEtelozay timeval
T SOSNDTIMEO T asédnineesozss tmeval
IPPROTO_IP P TTL A AHO| ABIE IR TTLEE 2S int
T UUPIMULTICAST TIL o mwTeM T uhar
IP_MULTICAST_LOOP =IOl CHEH B u_char
P ADD_MENBERSHIP s az i ey
EIP_DR’OP_M EMBERSHIP  Zesi~e 0= 2 ip_mreq

IPPROTO_TCP ' TCP._KEEPALIVE HE DA AN MO EHAZRE int
""""""""""""""""""""""""""""""" TCP MAXSEG —~— TePatiMamsEav mswsdm int
"""""""""""""""""""""""""""" TCP_STDURG ~ Urgent Zoigfof cistafs int
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= | __| | = Ol o Sk A

1. signal() &=

1. AMAEN H2f= O|E &4 Al AFZE A E2lgt X2l E o=
SkA
o T
2. SHY
- void (*signal)(int sig, void (*func)(int))(int);
3. oKt
- func: AIDE0l WY E M SETE &4 T4 gt Y
- sig: Mot HU A AlIIEE 88(R2Y)
Sighal # Description
SIGHUP | 1 |&2 Z2I
SIGINT | 2 |0l 26 & E(Ctrl + C)
SIGQUIT | 3 |HOlg &=
SIGILL | 4 |22 2=
SIGKILL | 9 |==2M~ =012, 0l A2 TR &42
SIGALRM | 14 |21 24
SIGTERM | 15 |Kill AlDZ a4 Hol % T2 ZEFH4EE 5 8 £ U0}
SIGSTOP | 19 |&#A A2, 0l D22 T6IA &3
SIGURG | 23 |£210lM URG 220 ME Al 24
SIGIO | 29 [J1=xtolM 2 ==j0] Dt | fentl() = &0
. SIGPWR | 30 |#¢ &
SR SIGSYS | 31 |At2 ot

iz
;??L;?f%&



<106> <Contents Delivery Programming>

signal() AtE & &

. SUAOIA OE O ¥ E (event) It LAY SHE 0]242 T2 Al A Ol i
Op|= £THOR AR

#include <signal.h>

main() {

signal(SIGINT, sigint_func); /* Al1<2 M2l &= X & */

Int sigint_func() {
[* SIGINT Al 12 2Al K| Lhs */
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4, S Al Xel&

2. fork() &=
1. M2 Z2XNAE Mot SHeE Z=2hAes M E2AA
etEEe sHd DEE L
2. SR 2 NA=E AN 2= MAG CHet H=
Bz 0lc] 40 tHet M 2R
3. StH

- pid_t fork (void);

Rm a2
4 &= Xt
O ™M
=
5. S& fork() 52
. DE, A D=4, '/ \.
A BB S22
* PID = SFOH &S forkO @ EEF k(5 EEF

pid#ko] 0] opd
R

L BT L 2]
%y

pid7ke] 09 75

ANE2F EZZ2AA

(AFA =2 A )
Z2
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4. SN HelS 28t a4

o2
£
i

select () &=

1.
2.
3.

e D= A2 &E) Bt ZA = ol & 2FEROll CHet X 2l
AR Hst= S II/MA DMLl X el 2f 30K
=Bl

- int select (intn, fd_set™* readfds, fd_set * writefds, fd set *
exceptfds, const struct timeval * timeout);

- readfds/wrltefds/exceptfds JI/&DI/OHJ,I JH
MEf Jl=At 22 E Rt 2 =2=

void [FD_ZERO (fd set * fdse) g Jl=k 5g= x)Io et

...............................................................................................................................................................

...............................................................................................................................................................

vold :FD SET (__f?_f___f_d__fq_ﬁ?____’f_f‘?@?_)__ __t‘?ﬂ_?*_?____!-_*_‘?ef___?_|_%Eﬁﬁf..zﬁ.‘.?‘ﬂ?-_* _________________________
E

void FD_ISSET (int fd, fo_set * fdset);| N&EEH M J=Tt A
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select() Al AE =

Int select (

int maxfdp1, ZIO ANBEHS I +1*

fd_set *readfds, 1| HtE 2 K& AANHSH/

fd_set *writefds, /* M| HE 2R ANHSH

fd_set *exceptfds, /* M| 2] HSE DA AANHSH

struct timeval *tvptr);

[* select A|AEY 20| JICHEl = Al2E*/
LAMET 0 1 2 3 maxfdpt -1
readfds 1 0 0 1 0 TH E K|
writefds - | 0 | 1 | 0 | 1 0
EXCEQLS | I I I I I

o
&
K
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select() Al AEN 2 (Cont’d)

e 3=
— FD _ZERO(fd_set *fdset)
e fdsetl| 2= HIEZE A2Lt

— FD_SET(int fd, fd_set *fdset)
o fdset = 42! fd0ll s Zol= BIEE 1= otlt

— FD_CLR(int fd, fd_set *fdset)
o fdset & A2 fd0l S Hot= HIEES 02 = ottt

— FD_ISSET(int fd, fd_set *fdset)

o fdset= 42U fd0il oHEHot= HIEJ MEZIH U2

o kgt S | E

B
%
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SelectE 0| &St (f

FD_ZERO(&read_fd) Index(4# 71EXD | 5 3 4
ﬂ readfd 0 o|l0]oO 0
FD SET(socktd, &read 1) r n A
(EANEE 42 71E) Sl U B S
ﬂ readfd 0 |lo0fo0|1 0

select(max__sockfd+1,&read  fd, NULL, MULL, NULL)
{ T
Index(aZ 71EAXD) 1 2 3 o 2ANE 404 YEHE HEE 24X !
Blocking Sl A
readfd 0 0 0 1 | | 0 |
L r
FD iSSET (sockfd, &read fd) Indenc(2o20 FTEXE) 1 9 3 4
0 0|0|‘1‘| |o‘

2FMS 471 12 FEJUSK AL
d-o] HIALH, LE U

&
e
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llﬁl

4.

poll() & =
1. select & =2}

2t
=

0
~
>
z

2. select | HIBIH 22|& J|=AE HEH S £ QA3
3. selectet= B MIE SYH £ B0|LF AF=0| =2 EHSH CHAE
4, SEH

- Int poll (struct pollfd *ufds, unsigned int nfds, int timeout);

5. &35 At

Argument Description
*ufds I 2 itet ZAlctd A ot OHES 2238 gl =40(0
nfds ZAIE Hbote JIsAtel =8 YFEE

timeout Zol  HHE U AR s+ g2 FEE o2 0lE AL
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& T = O| st SFA
4, s ANl HelE flst &
5. Thread
1. Adl&E= E2MA%= U2 HE2E sF7 Jts
2. 22 S7=2 2ot st M & (2ta & A &)
3. AMtE &=
e Int pthread_create (pthread_t * thread, pthread attr_t * attr,
void * (* start_routine)(void *), void * arg);
Argument Description
thread pthread_toil CHSH ZOIE{. M| =0F AT M M=o AR &= O
t MYl=ol 2 UETHCH A2 OFA ZE2 EF NULL g2 MECHH, 248Uz ME2
au M SIF &I} Jb=(Joinable)dt T HIA Al ZHnon Reaktime) AHZE MM o2 MM=C}
("start_routing) |~ =9 MM Mz Tl MAZ o050 Hots HYZ Gt B4S J23l= B
(void® EOIHE AHSICH HEl ‘void ¥ QA gF2 Md S0 49 QA UM 28 =60
ang MY S0 Y S S0 MEE QAR B & T E AN GAFE oIt
e void pthread_join (pthread_t th, void ** thread_return);
— fork QA KA 2 AASE DL 2l=wait &2 &2 Jls
* void pthread exit (void *retval);
- AHEESEZAN2Z MM ==
&
k5 g

iz
;??L;?f%&
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Elementary Socket System cal |l ( &/ A4)

o2
£
i

O concurrent serverE JIES AR MAgXMOI AlLIEl 2

int sockfd, newsockfd;

if ( (sockfd = socket(...)) < 0) err_sys("socket error");

if (bind(sockfd, ...) <0) err_sys("bind error");
if (listen(sockfd, 5) < <0) err_sys("listen error");
for ( ;5 ) A
newsockfd = accept(sockfd, ...); /* blocks =/
if (newsockfd < 0) err_sys("accept error");

if (fork() ==0) {
close(sockfd); /* child */

doit(newsockfd); /* process the request */
exit(0);

¥

close(newsockfd); /* parent */
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Elementary Socket System cal |l ( &/A4))

O iterative server2 JIES AR MAEHMOl AlLI2l 2

int sockfd, newsockfd;

if ( (sockfd = soket(...)) < 0) err_sys("socket error");

if (bind(sockfd, ...) < 0) err_sys("bind error");
if (listen(sockfd, 5) < <0) err_sys("listen error");
for ( 5 ; ) A

newsockfd = accept(sockfd, ...); /* blocks */

if (newsockfd < 0)
err_sys("accept error");

doit(newsockfd); /* process the request */
close(newsockfd);

B
%
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ol
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1. U0 & =N BHat &=

e SAEHIOIE =X

— CPUOI et 220l M&Eot=

NIt E8

[

e UHIEXA HIOIE = A
— CPUO 2tH 810l High-order =N & &S
- Internet protocol=S #otH & A

* htonl(), htons(), ntohl(), ntohs()

e htonl convert host-to—-network, long integer
* htons convert host-to—network, short integer
e ntohl convert network—-to—-host, long integer
e ntohs convert network—-to-host, short integer
#include <sys/types.h> ,
#include <netinet/in.h> oA l N+ M n+1
CIOIE E2 C3 C3 E2
u_long htol (u_long host/ong);
PR Tk @) ie-encian o) ig-endi
Iy u_short ntohs(u_short netshort); (80x56 HZE) (MCE8000 HE)

|;C|
;??L;?f%&
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O] E

=X (0ll)

Big-Endian

Big-endian

32bit2] 1] dl S54= 100.101.102.103

|______EETTX ______ |
- Lower Address --- :
01100100(100) (@ | LS byte
01100101(101) @
011001 100102) @
O1100111(103) ey MS byte
! -+ Upper Address - - :
L
-0l 2 =& ? HIOIES LHES

MEE OI228 AIEF=A0 ME

-PEZe
IBM 0il &l

DHOI32EZ= MM &
L 2 Dlgt

i

iz
;??L;?f%&

Little—Endian

Little-endian

32bit2] S1E] Yl S54= 100.101.102.103

|______EETTX ______ |
- Lower Address --- :
O1100111(103) @ MS byte
01100110(102) (3
O1100101¢101) @
O1 100100 1 00) ) LS byte

1 -+ Upper Address -+ !

- GOl 2 =lot#l HIOIESl WHE
MEE HE2lel A& =20

- DEC VAX & =H &
Ol OO A =2 E =2 Al A

N

=22

=
NG
o
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HHOIE &= A (Gl Rl 2 0 2H)

e byte order.c 04 X

pmyservent = getservbyname("echo", "udp");
printf(""Port number of 'echo’, 'udp' without
ntohs() : %d \n", pmyservent->s_port);
printf("Port number of 'echo’, 'udp' with
ntohs() : %d \n", ntohs(pmyservent->s_port));

Z 1 (x86 Linux System)
Port number of 'echo’, 'udp' without ntohs() : 1792
Port number of 'echo’, 'udp' with ntohs() : 7

W
02t

W
02t

Z 1t (mc68000H )
Port number of 'echo’, 'udp' without ntohs() : 7
Port number of 'echo’, 'udp' with ntohs() : 7

o2
&
i
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A. hostent = 2= Al
- gethostbyaddr(), gethostbyname() & <=0l At

A - SAEQ ZAIHZ WXl SAE ZAQ| =2

— T —L_— OTI’,

=2 M AH S B0l E ==, & EHIO'OH ZerE IP list

B. servent 2= Al
- getservbyname(), getservbyport() & =0l A
-Ha o AHEe SA A EA MBI HSole 2E B,
MHOl AtSotle ZE2E2 Bl EXHE

B
%
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AR S

SAE HPE 98 7

<Contents Delivery Programming>

2 A (1)

RS
;ﬁ%ﬁ‘&

* hostent # XX

— struct hostent -

char =h_name }

char *+*h_aliases }—

Int h_addrtype }—

Int h_length }—

"

.

char **h_addr_list }—

{ “dasan.sejong.ac kr”

L—{ “www.sejong.ac.kr”

2AEL F=A4EE

NULL

{ 2 (= "AF_INET' )

{

4 byte( 32bit )

e

84ef6bd? )
210.107.239.132)

NULL




<122> <Contents Delivery Programming>

e hostent 2~ A & 2
struct hostent {

char *h_name; [*SAE 0| */

char **h_aliases; [*SAE HH=*

int h_addrtype; [*SAE =402 SF*/
int h_length; [* =220 | */

char **h_addr_list; [*IP =2 2| AE */

}
#define h_addr haddr_list[0] /* R E1MH =2 */

B
%



<123> <Contents Delivery Programming>
AAT| SAE HEE 28t 2EH (2)

* servtent 22|

struct servent
char * s_name - =24 HOl HU|A Ol
char #+ s_aliases - HE ZAE
int s_port - HEHS(HISA HIOE =A)
char * s_proto - MN=Eole BEEE

=0

ERE
Sidaie

ke
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getservbyname()

pmyservent = getservbyname("echo", "udp");
— servent 2 &M 2 EL2|(netdb.h L} & & L).

struct servent {

char *s_name; I* A ljl Ol S */

char **s_aliases; /[*8Y =5 */

int s_port; [* LE S */

char *s_proto; [* NIEole Z2 &3 */

3
e servent 2AKH = HERIAZEH Y2 EE0|22 ] L{=0]
HERIHIOIE =AMZ2 T H UYL 0|E 3tHY =&l 2EdH S AE
HIOIE =X 2 "B OF StC}.

o2
£
i



<125>

3. OIE{ Yl =4 (IPFEA

<Contents Delivery Programming>

) & 3t

g

. OIHY =AZ TEGHs YA
|
— 32bit IP =2~

- &&= HAI'E (dotted decimal)

o IPF=2BHE S 0

— mm.sookmyung.ac.kr :

: 203.252.201.16

Domain Name ; IP =4 (binary) : dotted decimal
gethostbyname() inet_ntoa()
gethostbyaddr() inet_addr()

inet_aton() or inet_addr()

-
( “100.101.102.103" ] [ Ox67 Ox66 Ox65 Ox64 ]

-
Dotted Decimal address inet_ntoa() 32bit binary address




<126> <Contents Delivery Programming>

=2 H & 2f 2=(Address Conversion Routines)-1

unsigned long int inet_addr (const char * strptr);
- ‘Dotted Decimal' @ XtE SEHICl =AE UHERK A HIOIE &=NME 2= 08
HOlH 2l 2 Bt e &=
- Hoz Zl2lE &= HEo =AEES 32-HIE Internet =A4F HE
24 g0l HEX e &< INADDR_NONE(-1)= gtat
- -1 ‘2 'Dotted Decimal’ 2 HE & Al '255.255.255.255" 0122 KR&4 HAHJF Bt
ANER

—_—

|]0|l

4

o2
£
i



<127> <Contents Delivery Programming>

Address Conversion Routines (2)

Int inet_aton (const char * strptr, struct in_addr * addrptr);
- 'Dotted Decimal' 2 Ei 2| 2 A E S HI0IUHC| SEHE Bt R = &
- strptr’ 2 = 2 "Dotted Decimal' EEHC| 2AtE 2 B & &
'in_addr' Et 2 2| "addrptr 0ff &=

- F2JFSHI203 07 0] Otdl gt X §0HH 0 S gtet

char * inet_ntoa (struct In_addr inaddr);

- 'in_addr & 2| 8t0lH 2l == ‘inaddr’2 ‘Dotted Decimal' S EH2| 2 A E 2
HZ

- PHett= 2Ag82 82 YA HHN AE

- S AZHO SESHHE S0 EH MXBZ F=9

#include <sys/socket.h>

#include <netinet/in.h> ~inet_addr €> inet_ntoa : igigt
#include <arpa/inet.h>

unsigned long inet_addr(char *ptr);
char *inet_ntoa(struct in_addr /nadar);
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IP =2~ &2t (Wl Al

<Contents Delivery Programming>

o2
£
i

ascii_ip.c Oil Xl

struct in_addr host_ip;
haddr = argv[1]; [* dotted decimal =2~ */
host_ip.s_addr = inet_addr(haddr);

[* IP == (hexa 4byte) = */
printf(“IP Address (hexa) 0x%x\n”, host_ip.s_addr);

/* dotted decimal 2 CHA| BHEGIY = */
printf(“%s\n”, inet_ntoa(host_ip));
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IP == B3 (0l Al

e get_hostent.c il X

struct in_addr host_ip;
haddr = argv[1]; /* dotted decimal =4 */

host_ip.s_addr = inet_addr(haddr);

[* IP =2 (hexa 4byte) =& */
printf(“IP Address (hexa) 0x%x\n", host_ip.s_addr);

/* dotted decimal 2 CHA| HEIGI0 & */
printf(*%s\n”, inet_ntoa(host_ip));

e get _hostent.c &/ 2 1t
#> get_hostent mm.sookmyung.ac.kr
official host name : mm.sookmyung.ac.kr

host address type : 2
length of host address: 4
IP address : 203.252.201.16

o dotted decimal => = 0| ! 4l &
« gethostbyaddr() Ol &
l!:"é‘ll



<130> <Contents Delivery Programming>

4 AAHL| SAE B2 A= &t

— C

ol

A
T

1. struct hostent * gethostbyname (const char * hostname);
- WG oz SAEQ OIE(=HN= & 0FA hostent 2 2= Xl O
jé'ﬂf s SdFe S
2. struct hostent * gethostbyaddr (const char * addr, size t len, int family);
- SAEO[ P20 EEe =A)E O0lE0lH oY S AE
Ol CHet 32 E &
- addr2 SAE IPFA01D len 2 IP =422 3|
(IPv4d =4, IPv6 = 16)

3. int gethostname (char * name, size_t namelen);
- e S AEO|IS= e
- ME 2Atname2 S AEQI 0|82 MEEY 22| =4
- namelen 2 name?2| HtO|E & 0|

METEHD e 20, AT B BrE
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4. /AT SAE MIHE A= shA

=(—l

<131>

4. struct servent * getservbyname (const char * servname,
const char * protoname);

- o2 =2 AENA ML D A= ABIAN Uit 2 32 E
MBIAO CHEt OlEX Y ZE2EZEZ 2= =AU == &

5. struct servent * getservbyport (int port, const char * protoname);
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<Contents Delivery Programming>

=ct0] &

=/NMEH 2 &

1. M2 =S

S 8

2. AZ29 SAU0|HE/NMBH2 &4
3. HIAZ2E S2H0|HE/NH S &Y

B
%
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<Contents Delivery Programming>

MH Z2 )2 2N & X}

o2
&
i

M ZE2 10| HAH =& 0 U0 0F ekt

NB = socket)S S EotH S4I0 AFESE 23S

AAAS A KA AMF=AZE bind)Z M2 HE &
A}//IA(I/A/O _,I_A I/A/O/ _LzEb’f_'o_)

- 4 AT L

2B s=3SE L= 180 20 Ae s EFA S0, 23
A= HERD AIAE(E, TCPIP)0| LD Y= =A01BR20|S
Of 2HE FUH S0 OF etLh

listen()2 SE0t0] 220IHEZREHS HZRAES JIldle ==
HOI2E2 =K 2L

SC0IHEZRH HAEREOI &= M 0| Xcelot)| ?Iot(

accept)E = =2tL}.

2ct0lHE It connect()E S =0t HERAE= LA 0| A
StCt.

GIAIXIE S48t
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<Contents Delivery Programming>

B
%

socket()= @ =otH 3= Bt=L.

MHOH HBAES SBLHD| 25H) connect()%
Ch Ol T MBSl AAFA(@+B) FZHIE IS

Z &0

— AZNELMYHEIC P FA A YES EE L S)
— & HE == HHOIPFL L HEHS




<Contents Delivery Programming>

<135>
Ao EX DE

* blocking £ &
SIAZS SEHS AL ESZ A2 A BH=

— Fr= < e Y L

— listen(), connect(), accept(), read(), write() =

e non-blocking &2 &

- NAEB = 52 5 2 20| 2IE
- HZ 2o(loop)E SHA =HOI(Z)

« Hl=Jl(asynchronous) £ &

—- IO H3IE &2 X

— select() &2 AIS

o2
£
i



<Contents Delivery Programming>

1. AB2 =S

1. A_ltH oao DZII-I
1. Sc0HE ZEH BT
. 0HOHE0 2RH0IAUEI L HEO BIER BEot=X0 S
2. EQet A2 Ml
- FA =002 IIHE EXZ0/H 22 U0 S
3. HIOIE%C’I ora A
- Z2ci0/HE Z2F =2 A2 220[HE 2t HI0IE A=l T
- 9§OI HERAD =2 8 E HH [N EL0 et =2he =
NMH =
2. JI2Xe HAHS =&
M EH S ERALS
ScHO0|HES QAU Uet Xl 4 | sAIHeE | =g
N ITEEEEED 0124 5(TCP) | Bl &1 215 (UDP)
RS
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<Contents Delivery Programming>

HZES =CH0|HE

o socket)) S = Al 3

A~

e

S ot A2 QI H Ol A2 &

=
=

o

ZE S0 HED

socket)
connect)

f

I
OEZZEE
A=
I H O] 2~ @ K2 P @ SHE P T -—
@ A ZEHE | ® iU ZEHS |-
TCP/AP
l%ﬂl

HEH =



<138> <Contents Delivery Programming>

HZ2S AH P/IG

o Iterative 22 2| TCP AN E= )& & & E A}

Interative, TCP “1H

¥

socket() s (]| |
N AFHH S g}
bind() " -
l AFAHFA0 HE
listeni) Mg E 7
l k 2
accept) o1y g
L e szes 2z
e j;.lE_lEl—E%ﬂEl.I‘lﬁ:
write) = T Lo
N ﬁ
ks

llﬁl
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<Contents Delivery Programming>

N

« SOCK_DGRAMS 2 A3l A4

e connect()21 0| HFZ HIAI X S4=4l

o ZFUHSIOICHIP =A% ZE BHSE g4
sendto(int s, char* buf, int length,
Int flag, sockaddr* to, int tolen)
recvfrom(int s, char® buf, int length,

Int flags, sockaddr* from, int fromlen)

o2
£
i



<Contents Delivery Programming>
lj H (-

<140>

E S HHAE AlD
connect() = Ol =0

O| o4 O
ol &R
£ sendto() =2 = 0| =0

uio

&addr_len);

port = clinet_addr.sin_port
printf(*client port number : %d\n”, port)

i

iz
;??L;?f%&



<141> <Contents Delivery Programming>

2. 3249 SA0|HE/NMB 2 &d

2O HE/AHH
Server Model Client Model 1 ) /\-| tH 9'. =2 a'. O| HEO

CCIientProgram smn) 2) /\—| tHE BIND J;I-g § EHjl —
| X (LISTEN)

Connection Socket &4 (Client2)
Queuell E

e | | 3) ANtH= 20U ES &= D]
(g%ijﬁ \{ M B & Z(Connect) ‘ (ACCEPT)

o)

va
b=
z

l Socket M4 (Serverg) l

‘ listen

i - | Outa Sond Dt 4) 2cH0IHUEIL MHZE & AME

‘ accept [ Hec‘eive (CO N N ECT)
|
Client0il CHet CIOIEF Socket Close )
~7

ae H20| 242 g HJH 2210

Data Recelve [ Data

T HE 2Zt° A Al Xt Of
' (amrromnee) 2 HIOIE Sel R
S B) A =2 =
[ Socke|tCI05e ‘ 7) A—I I:H 9" %al'cn Ol_'lg _)ta;u [_EI-%

(CLOSE)

{ Server Program Exit )
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<Contents Delivery Programming>

(O) &= AZ S MH socket A L A

A A AE*

server_socket = socket(AF_INET, SOCK_STREAM, 0);
AH =4 2 ZE S8

server_addr.sin_family = AF_INET,;
server_addr.sin_port = htons(SERVER_PORT);
server_addr.sin_addr.s_addr = hton|(INADDR_ANY);
memset(&(server_addr.sin_zero), 0, 8);

oS =4 L LEZ YIOIE X/
bind(server_socket, (struct sockaddr*)&server_addr, sizeof(struct sockaddr));
/*%EPOl = O| EHjl oA A I—I*/

— — — =T 2 o

listen(server_socket, 10);
client_socket = accept(server_socket, (struct sockaddr*)&server_addr, &addrsize);

msgsize = read(client_socket, BUFF, sizeof(BUFF));
if (msgsize <=0)

{
printf(*message receive error\n”);
continue;

¥

write(client_socket, BUFF, strlen(BUFF) );
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<Contents Delivery Programming>

(04]) &= Client socket 24 A4 ! =~2H

[*A 2 A TCPO|E 2 SOCK_STREAM*/
connect_fd = socket(AF_INET, SOCK_STREAM, 0);

*AFE XS] Al IPY L EO CHet 2= S 2H0tA] sockaddr_in2 &M E &>/
connect_addr.sin_family = AF_INET;

connect_addr.sin_port = htons(atoi(argv[2]));

connect_addr.sin_addr.s_addr = inet_addr(argv[1]);
memset(&(connect_addr.sin_zero), 0, 8);

PR Z2 22 H 5%

connect(connect_fd, (struct sockaddr*)&connect_addr, sizeof(connect_addr));

msgsize = read(connect_fd, msg, sizeof(msg));

If (msgsize <=0)

continue;

printf("Server Message>>%s", msQ);
memset(msg, \0', sizeof(msQ));
fgets(msg, 1024, stdin);
msgsize = strlen(msg);
write(connect_fd, msg, msgsize);
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<Contents Delivery Programming>

E/AHL &4

YES

2. 98 2210
s L_ 2 O =
o 23E 2210]
Server Model Client Model
S P Start
FOEIOI® 7|5 ‘
| : | FOEIOIE £J/8 |
Socket &4 |
(Server 8) Socket A &
[ (Client=)
| bind |
[
| Ifsten | ‘ HH’IE"‘;%('Gonnect) ‘
el
salect | | select |
HHZe =
Zadol ¥EE |C 0B
SHNAARHT Hel ;ilalazﬂljl:i
e =3

’accepti{ 2l

YES

S48 0ol

A

Et Mel

L

Socket Close

Server Program Exit

2l

Clien "M YES

OAIZ X2l

| Socket Close |

Client Program Exit )

2= o olet
Hel(Server
Transfer)

L0

i

iz
;??L;?f%&

E/N B

1) A2 2210|HES SAl =D|5}
(SELECT &)

2) N 2t 22I0|HE 4319 MM
3) A= BIND & = ()| 7 & X

(LISTEN)
4) N = 2 CH 21 (ACCEPT)

5) 22H0IHEI AHZ B AME
(CONNECT)

IO ES &=

A Ul =01 Ol ATIEN NTHHIE DL "HEAU

O) MUl == JIEAIVII Vid=JT 2SS

7) 8= X2l = Sc0|HER HIOIE S
MB E2 2
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<Contents Delivery Programming>

AZS M socket A & =~

E
0
= Of¥
r

>
%

0

A

|_

%O

Hl

Im

U q

gl & & A */
Bind(server_socket, (struct sockaddr*)&server_addr, sizeof(struct sockaddr));
|

F2UH0IAHE WIS+ EH*

Listen(server_socket, 10);

[*fd_set 0| O|Et 2 & =D|3t*/
FD ZERO(&readfd);

maxfd = server socket;
client_index = U;

while(1)
{ [*fd_setE oY A3 JI=kt2 48+
FD SET(server_socket, &readfd);
FEEE Z0/HEL A3 D= AHE fd_settl & &>/
for (start_index = 0; start_index < client_index; start_index++)
FD SET(client_fd[start_index], &readfd);
if (Client_fd[start_index] > maxfd? _
maxfd = client_fd[start_index];

%naxfd = maxfd + 1;
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<Contents Delivery Programming>

select(maxfd, &readfd, NULL, NULL,NULL);

[Fo Y A D=0 Hatot A=K AR

if (FD_ISSET (server_socket, &readfd))

{
addrsize = sizeof(struct sockaddr_in);
client_socket = Accept(server_socket, (struct sockaddr*)&server_addr, &addrsize);
FD_SET(client_socket, &readfd);

client_fd[client_index] = client_socket;
client_index++;

if (client_index ==5) break;
¥
oY A2 J|l= k0l Bt A=K & A
MEO =52 2= 220IHES A3 Jl=At ZAL*/
for (start_index = 0; start_index < client_index; start_index++)

{

if (FD_ISSET(client_fd[start_index], &readfd))

{
msgsize = read(client_fd[start_index], BUFF, sizeof(BUFF));
if (msgsize <=0) continue;
printf("Client Message>>%s", BUFF);
msgsize = strlen(BUFF);
write(client_fd[start_index], BUFF, msgsize);

¥
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(Gl) C

I = Client socket 24 & 2

<Contents Delivery Programming>

N

FAEHZ 2 A3 & =5*/

Connect(connec

[*fd_set Gl Ol Et & & =D|3}*/
FD ZERO(&readfd);

while(1)
{

[*fd_setE ol A3 D=k 2 2 &>
FD_SET(0, &readfd)
FD_SET(connect_fd, &readfd);

select (connect_fd+1, &readfd, NULL, NULL, NULL);
FOHEF AN DT X0l H5H0F A =X 2 Ab*
if (FD_ISSET(connect_fd &readfd))

{
msgsize = read(connect_fd, msg, sizeof(msg));
If (msgsize <= 0) continue;
printf("Server Message>>%s", msQ);

¥

oY & Jl=At0ll HatIot A=K LA/

If (FD_ISSET(0, &readfd))

{

memset(msg, \0', sizeof(msg));
fgets(msg, 1024, stdin);

msgsize = strlen(msg);
write(connect_fd, msg, msgsize);

fd, (struct sockaddr*)&connect_addr, sizeof(connect_addr));
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=cto[

<Contents Delivery Programming>

E/NBZ

|'IBH
o

i

iz
;??L;?f%&

Server Model

(Sewer Program Start)

|

Socket 4 4 (Server®)

bind

-
-

GIOIE} £=4l (recvfrom)

|t

Sl H0IEr el (| F Processing/ | _—

B E Client= SEH0IE &41)

Socket Close

|

(Sewer Program Exit )

Sc0|HE

E/N B

Client Model

(Client Program Start)

Socket 44 (Client2)

| CI0IEi & &l (sendto)

|_»| OIOIEF ==& (recvfrom)

Socket Close

CCIient Program Exit)

1) A2 22t0| o

A
2) NH= BIND &
E

3) A2t 2210l
HIOIH sS4l

4) M= ©£=35| 22I0|HE
imma_

5) NH =2
6) AH

EO| A3

.

= O]
>

O

—
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(Gl) E= Bl ES AH

[*1. A A2 >/
server_socket = Socket(AF_INET, SOCK_DGRAM, 0);

server_addr.sin_family = AF_INET,;
server_addr.sin_port = htons(SERVER_PORT);
server_addr.sin_addr.s_addr = htonl(INADDR_ANY);
memset(&(server_addr.sin_zero), 0, 8);

bind(server_socket, (struct sockaddr*)&server_addr, sizeof(struct sockaddr));

addrsize = sizeof(struct sockaddr_in);
while(1)

{
memset(BUFF, \0', sizeof(BUFF));

msgsize = recvfrom(server_socket, BUFF, sizeof(BUFF), 0,
(struct sockaddr*)&client_addr, &addrsize);
If (msgsize <= 0) continue,

printf("Client Message>>%s", BUFF);
msgsize = strlen(BUFF);
sendto(server_socket, BUFF, msgsize, 0, (struct sockaddr*)&client_addr, addrsize);

s
o
g
-



<150>

<Contents Delivery Programming>

(Gl) Et= BIHZ2S Sc0IHE

memset(msg, \0', sizeof(msg));
fgets(msg, 1024, stdin);

msgsize = strlen(msg);

[*AtE A 2= CIOIEHO CHEt X 2l. M8 &8 &* sendtogl == 0| &*/
msgsize = sendto(connect_fd, msg, msgsize, 0, (struct sockaddr*)&connect_addr, addrsize);

printf(""Message Send>>%s", msg);

memset(temp_BUFF, \0', sizeof(temp_BUFF));
A OIA Sl & IOIEHO THEE X 2l recvfrom& == 0| %/
recvfrom((int)sockfd, temp_BUFF, sizeof(temp_BUFF), 0,

(struct sockaddr*)&server_addr, &temp_addrsize);

printf("Message Receive>>%s", temp_BUFF);
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u R

28 =ct0|¢

<Contents Delivery Programming>

E/AHL &4

2. SAl Ml gl HEd 2t

Server Model

Server Program
Start

Socket *87
(Server$)

| pind ‘

—
=i

| HlelEl Al ree)

Z} Client$5]

*Thread 1%

*Thread 2*
*Thread 3%

Z}Client2] <41

% 521 dlo]e}

A

i

iz
;??L;?f%&

Thread “34d

AMu| A F8?

Client Model

{Client Program Start |

Socket 44
(Client£)

R EESTE
HEYEF £2E

2%} Thread 344

-

| Socket Close ‘

|Server Program Exit

IECEEERN

Eﬂ%

| Socket Close |

{ Client Program Exit |

*Thread*
Server?) 41 9l

Ll HIOIE}-‘?EI

(41 HleJEl A 2))

Ol HE/JNH

1) A2 Set0IHES A3 M4

2) AlBI= BIND &2 = O]

3) 2210/ EJ}L HHE F= Gl0|
SN

4) NHHE S2H0I9IES] s AIDH

T} 2210/01E H2I8 AdC

&4

5) 01 22| 22t0|TE Qo] SIS
220l A S0} 2

6) At B2 =)

7) Z2 N AYCSE S8 22H0l9
E x2

8) ABH2t 22I0I0E A3 &8
(CLOSE)
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() tt=s Xel= BlHEdE A

while(1)

{ memset(BUFF, \O', sizeof(BUFF));
8= 2c0IHEN et ==& TIOIEF X 21*/
msgsize = recvfrom(server_socket, BUFF, sizeof(BUFF), 0,

(struct sockaddr*)&client_addr, &addrsize);
If (msgsize <=0) continue;
memcpy(&curr_addr, &client_addr, sizeof(struct sockaddr _in));
memset(CURR_BUFF, \0', sizeof(CURR_BUFF));
memcpy(CURR_BUFF, BUFF, strlen(BUFF));
[* =410l CHet GIOIEt Mel= ThreadZ Ml e WMUHANM= &EH0| RA Z2LE
AN A= =4 CIOIEHN CHe Mele= B2 20| JU_sS+ US */

pthread create(&thread, NULL, thread_process, (void *)server_socket);

¥

void* thread_process(void * server_socket)

{
memset(temp_BUFF, \0', sizeof(temp_ BUFF));
memcpy(temp_BUFF, CURR_BUFF, strlen(CURR_BUFF));
printf("Client Message>>%s", temp BUFF);
[*Thread2Z X cl&l= 2ct0IHE UHI0IH S&l*/
sendto((int)server_socket, temp_BUFF, strlen(temp_BUFF), 0,

. (struct sockaddr*)&temp_addr, sizeof(struct sockaddr));
Ko

,;?.%.
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(W) Tt KelsE glH&24s 220/ E

[*CIOI Ef ==& 01| CHEF Thread & & */
pthread create(&thread, NULL, thread_process, (void*)connect_fd);

while(1)
{
memset(msg, \0', sizeof(msg));
fgets(msg, 1024, stdin);
msgsize = strlen(msg);
*AtE X 2= IOIEHAI CHEE X 2l. AH & &* sendtogf == 0| E*/
msgsize = sendto(connect_fd, msg, msgsize, 0, (struct sockaddr*)&connect_addr, addrsize);
printf("Message Send>>%s", msg);
¥
void™* thread process(void * sockfd)
{
while(1)
{
memset(temp_BUFF, \0', sizeof(temp_BUFF));
FAEHOA2 SAHIOIEHH CHEE M 2l recvfrom& &= 0| S*/
recvfrom((int)sockfd, temp_BUFF, sizeof(temp_BUFF), O,
(struct sockaddr*)&server_addr, &temp_addrsize);
printf("Message Receive>>%s", temp_BUFF);
o }
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HEIS SIet SRI0IME/MY T2 08 X4
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(1)

al

=

@

A1

N

—

;1

o AMH EZ_ )& 12X

* 2EH ¢ user_node

char user_name[10]
int  user_sockfd
=>Client2l 0|S 1
A FEH
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* 2XH : room_node

char room_name[10]

struct user_node user_list[5]
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ME A £ (Cont’d)
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MBE:THE & 23

PHENAS &S 3H= 28

struct room_node roomlist[3];

*28 9H0fl CHel 201 & =3k
strcpy(rooml|st[0].room_name,"rooml"); strcpy(roomlist[1].room_name,"room2");
strcpy(roomlist[2].room_name,"room3");

[*2F Lol HE AZA =5 EJI8H/

roomlist[0].user_count = 0; roomlist[1].user_count = 0; roomlist[2].user_count = 0;

[* A H A2 A A
server_socket = socket(AF_INET, SOCK_STREAM, 0);

B IPS L E Z 8%

server_addr.sin_family = AF_INET,;
server_addr.sin_port = htons(SERVER_PORT);
server_addr.sin_addr.s_addr = htonl(INADDR_ANY);
memset(&(server_addr.sin_zero), 0, 8);

bind(server_socket, (struct sockaddr*)&server_addr, sizeof(struct sockaddr));
listen(server_socket, 0);

FD ZERO(&readfd);
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<159>
MBE: dH o L5 Z2210|HE A3 J|2 X} 8ol
St 2201 E A3 IR Lo SMPZHMEE]ES fd_set0ll &F*

A0 B85

FD_SET(server_socket, &readfd)
for (room_index = 0; room_index < 3; room_index++)

for (user_index = 0; user_index < roomlist[room_index].user_count; user_index++)

{ -
{
tempsockfd = roomlist[room_index].user_list[user_index].user_sockfd
FD_SET(tempsockfd, &readfd)
if (tempsockfd > maxfd)
maxfd = tempsockfd;
¥
¥
maxfd = maxfd + 1;
i
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M 2t0[HE H= Xl

select(maxfd, &readfd, NULL, NULL,NULL);
A Z2 8501 A= S2H0IHEN CHet M el*/

if (FD_ISSET (server_socket, &readfd))

{
addrsize = sizeof(struct sockaddr_in);
client_socket = accept(server_socket, (struct sockaddr*)&server_addr, &addrsize);
memset(BUFF, \0', sizeof(BUFF));
msgsize = read(client_socket, BUFF, sizeof(BUFF));
if (msgsize <=0)
{
printf("Enter user Error\n");
continue;
¥
¥
i
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MUH: 28 2 &R 2ol 9 ot

printf("Receive Message:%s\n", BUFF);

2 20| 5YH 2 HIStE HULEZ oY R ML M I*/
if (BUFF[0] =="1")
{
printf("Login Room1 Count:%d\n", roomlist[0].user_count);
if (roomlist[0].user_count ==5)
{
strcpy(BUFF, "User Count Overflow Error");
write(client_socket, BUFF, strlen(BUFF));
close(client_socket);
continue;
[*O1 2 == 10>/
}
roomlist[O].user_list[roomlist[0].user count].user_sockfd = client_socket;
roomlist[O].user_count++;
strcpy(BUFF, "ConnectOK");
write(client_socket, BUFF, strlen(BUFF));
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ME: ZOITOH 28 B8 HY

for (room_index = 0; room_index < 3; room_index++) {
for (user_index = 0; user_index < roomlist[room_index].user_count; user_index++) {
If (FD_ISSET(roomlist[room_index].user_list[user_index].user_sockfd,&readfd)){
memset(BUFF, \0', sizeof(BUFF));
tempsockfd = roomlist[room_index].user_list[user_index].user_sockfd;
msgsize = read(tempsockfd, BUFF,sizeof(BUFF));
If (msgsize <=0) {

If (user_index == roomlist[room_index].user_count) {
close(roomlist[room_index].user_list[user_index].user_sockfd);
roomlistfroom_index].user_count--; }

else if (user_index < roomlist[room_index].user_count) {
close(roomlist[room_index].user_list[user_index].user_sockfd);
for (temp_user_count = user_index; temp_user_count < roomlistfroom_index].user_count;

temp_user_count++)
{ roomlistfroom_index].user_list[temp_user count] =
roomlistfroom_index].user_list[temp_user_count+1];
roomlistfroom_index].user_count--;

}

else {
printf(**Receive Message=>%s\n"*, BUFF, msgsize);
for (temp_user_count = 0; temp_user_count < roomlist[room_index].user_count;
temp_user _count++)  {
msgsize = strlen(BUFF);
write(roomlistfroom_index].user_list[temp_user count].user_sockfd,
%%@UFF,msgsize); 1}
5430
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=clO[HE MNME & 2+ =4

AEA Ut &5 Xel*/
fgets(name,30, stdin);
name[strlen(name)-1] = "\0’;

while(1)

{ &S A8 A
printf("#Enter Room Number(ex=>1 or 2 or 3)=>");
room_number = (char)fgetc(stdin);
fgetc(stdin);

if (room_number !="1" && room_number '="2' && room_number !="3")

{ printf("Incorrect Room Number\n™);
continue; }
else break; }

memset(msg, \0', sizeof(msg));
msg[0] = room_number;

for (temp_index = 0; temp_index < strlen(name); temp_index++)

{

msg[temp_index+1] = name[temp_index];

Iy }
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2210/ E: HE Y Q7

connect_fd = socket(AF_INET, SOCK_STREAM, 0);
connect_addr.sin_family = AF_INET;
connect_addr.sin_port = htons(atoi(argv[2]));
connect_addr.sin_addr.s_addr = inet_addr(argv[1]);
memset(&(connect_addr.sin_zero), 0, 8);

[*A B 5%

connect(connect_fd, (struct sockaddr*)&connect_addr, sizeof(connect_addr));
msgsize = strlen(msg);

write(connect_fd, msg, msgsize);

memset(msg, \0', sizeof(msg));

HE M0l CHet &5 & 201/

read(connect_fd, msg, sizeof(msg));

if ('strcmp(msg, "ConnectOK"))

{ printf("*******Server Connection Success********\n");
printf("*******Start Chatting Program ********\n");

¥
if (!strcmp(msg, "User Count Overflow Error"))
{ printf("%s\n", msg);
exit(1);
¥
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FD ZERO(&readfd);

while(1)
{ FD_SET(0, &readfd);

FD_SET(connect_fd, &readfd);

select (connect_fd+1, &readfd, NULL, NULL, NULL);

iIf (FD_ISSET (connect_fd, &readfd))

{ memset(msg, \0', sizeof(msg));
msgsize = read(connect_fd, msg, sizeof(msg));
If (msgsize <=0) continue;
printf("*From=>%s\n", msg);

h

iIf (FD_ISSET(0, &readfd))

{ memset(msg, \0', sizeof(msg));
fgets(msg, 1024, stdin);
msg[strlen(msg)-1] = 'T;
strcat(msg, name);
msg[strlen(msg)] ='T';
msgsize = strlen(msg);
write(connect_fd, msg, msgsize);

¥

i }



<167> <Contents Delivery Programming>

HE|IIHAE JHEIS @t T2 )l XA




<168>

<Contents Delivery Programming>

i

iz
;??L;?f%&

1 4 El 9H A E dl Al Ol e X|
: = _ O | — O
Unicast
Data Data
Receive | ABphCation | Send
| UDP |
| IS l
| data link |
SHEA === 210.107.235.75
SHI === 0 3000
*MNode 1
Adcdress - 210.107.235.75
I port @ 3000
Subnet 210.107.235 J
*MNode 1 *MNode 2
Address - 210.107.235.71 Address @ 210.107.235.72
ort ¢ 3000 port @ 3000

1. S8t gilZE=z Uetots UIERADS Ity N Sl 24

2. S& ==X :UDP H S >IP HS >DatalLink HS>HS

3. =8 ==K :DataLink HSUHAMN =2dlw = =HX|2tH S BHH=AZ
ol = 0Ol
21 =20

4. UOIHE BEUe UM SHE= gt ot =A=8H HEF



<169> <Contents Delivery Programming>
O4 |_HAE tll-/\IOl e X|
1. ZEEIIHLEE AL S5
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1. ZEGHAE B4 =&
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= ElIHAE PIG

o ZEIIMAE (Multicast)
— ottte 2= Ch==2 =& A0l H & E
— classD =22 AtE
- S22 2REH=S0| EEIHAEE XA O &
— UDP 432 AlZ
— IGMPE Soll AS0 20 £= €&
- TTLS S&t 8 &8

e TTL(Time-to-Live) in the DNS context defines the
duration in seconds that the record may be cached

+ HEHAE 2 S
~ UDP £ H SRS

- =0 & EIJHﬁé s otg g 220 )t

o YHEHAE W3S TTLEA
— W30l 8K UER D=2 8SEH A == Mt
Int ttl = 32;
. setsockopt(setd_s, IPPROTO_IP, IP._ MULTICAST TTL, &ttl, sizeof(ttl));

o2
&
i
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ZEHAE PIG &4

e ZEINAE 2K
struct ip_mreq {
struct in_addr imr_multiaddr;/* 2 E[IHAE 15 =A*/
struct in_addr imr_interface;/* At&I2] [P =2 */

}

o ZYHEIHAE WH3! =2l
setsockopt(recv_s, IPPROTO _IP, IP_ ADD_MEMBERSHIP,
&mreq, sizeof(mreq));
setsockopt(recv_s, SOL_SOCKET, SO _REUSEADDR,
&set, sizeof(set));
bind(recv_s, (struct sockaddr*)&mcst_group,
sizeof(mcast_group));

o2
£
i
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llﬁl

(0) EEIHAE= MBH/2C0IHEI S
(1) 2El HAE I8 FA 45 =Y
struct ip_mreq {
struct in_addr imr_multiaddr;
FHEIDHAE & 4%/
struct in_addr imr_interface;
[*XE&I Q) 1P A%/
}

(2) TIOIE S2Al A3 A4 (UDP)
(3) A A3 SH &
IP._ ADD_MEMBERSHIP : ZE[FHA
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[*ZEI HAE =41 LS4 A3 MH*/
multicast_recv_sockfd = socket(AF_INET, SOCK_DGRAM, 0);
multicast_send_sockfd = socket(AF_INET, SOCK_DGRAM, 0);

memset(&multicast_group_addr, 0, sizeof(multicast_group_addr));

[FEEIHAE =4 L ZE SFH¥
multicast_group_addr.sin_family = AF_INET;

multicast_group_addr.sin_port = htons(atoi(argv([2]));
multicast_group_addr.sin_addr.s_addr = inet_addr(argv[1]);

[HE| HAE =A% 4l IPF=A E*
mreq.imr_multiaddr = multicast_group_addr.sin_addr;
mreq.imr_interface.s_addr = htonl(INADDR_ANY);

multicast_recv_sockfd = socket(AF_INET, SOCK_DGRAM, 0);

a2 g8 A8 HEIDHAE & FIOH

setsockopt(multicast_recv_sockfd, IPPROTO _IP, IP_ADD MEMBERSHIP, &mreq, sizeof(mreq));

[* 220 THALE*/

setsockopt(multicast_recv_sockfd, SOL_SOCKET, SO _REUSEADDR, &multicast_index, sizeof(multicast_index));
*TTLE E*/

setsockopt(multicast_recv_sockfd, IPPROTO _IP, IP_ MULTICAST _TTL, &ttl, sizeof(ttl));

. send_result = bind(multicast_recv_sockfd, (struct sockaddr*)&multicast_group_addr, sizeof(multicast_group_addr));
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e OutputStream 2ci A HAE
R i e 4 7
AEYT HOIN o AEHO| AEis BE A
close() void E R
_— o Hﬁﬂoﬂ 07t S s 23 HO[EE FHE LR 7
el
write(int b) void |0] 28 AEHOR AFH HIO|ES 7|YatD
| - AEH HO[E EZRE SHAETY blength
write(byte[] b) vold SloEE J0lE
write(byte[" * -t off, it off 2FH AXIs HO[E HEZRH SHAE
len) vold | len HIO|EE [T
[£10.2] BIO[E AEZ - Quiputstream SHH2 HAL
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o QutputStream 2ci A HIAE2| AME
— Ct=2 OutputStream 2 A2 HIAEE 0/ E36HN
£ & ote E2 10| C
HHEZ "ii/" 0l Example.java It 2 S Aot D, 1 THE 0l =Xt
‘a'E 100H J| St

1: import java.io.*;
2:
3: public class OutputStreamTest{
4:  public static void main(String[] args) {
5: try{
6: OutputStream out = new FileOutputStream("i:/Example.java");
7 inti;
8: for(i=0; i<100 ; i++)
9: {
10: out.write('a);
11: }
12: out.close();
13: } catch(IOException e) {
14: System.out.printin(e);
15: }
16: }
‘%‘s’i‘%ﬁ‘z'éi‘ 17:}

iz
;??L;?f%&
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<180>
e OutputStream S A B S| X E X outS & A
A HE Z “i:/Example.java" L0l CIOIEIE M D] <l ol
FileOutputStream= 0| &0l ), 81 01 &2 Ul 0l &1 £ OutputStream 28 x| & X
Ol & e
OutputStream out = new FileOutputStream(*'i:/Example.java");
e ZA'aE OI20 100 H =0tE 5 &,
for(i=0; i<100 ; i++)
{
out.write(‘a");
}
i
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» Reader, Writer 2 2 A 0l M & InputStream, OutputStream = 2l A 2F Of
It = =80 =S K&,

» Reader 222 2| read 0l &~ &= =2 InputStream 2 2 A 2] read() Ol &

E2F 7AE.

- X}OI&E
o InputStream Ol M= read() IS0t =& HA=010, THE
read) HIAE=S2 0| HIAEE HIE2Z M E.
e Reader 2 AUl Al = BHH 2 read(char[] buf, int off, int len)
A= =& HAER.
o Y S UHE=Z2 AEZUHA 8 &= HI0IE ©®HRIZ2 &
of= A2L=H 2 HRAZ = ote= A0 24

OlJ] thE0ll Olel &AL = ghE,
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i
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e Reader/Writer 22| A HAS

=k HheEd =
clogel) vold |Stream= T, D& AAR AHHE 9EESCH
mark(int limit) void Stream] @AHE HAH 023 E EETC
readl ) int stLte] EAME Y =90
read(char[] buf) int BHEH EAE ao‘]z‘:’]‘:}.
read{char[] buf. int off. int len)| int HHE 2 dB2o BAE dH &0
akipllong n) long —I-EPE Eard =] v

Feader 2o~ W4

aaaaaaaaaaaaaaaa

= FEE d4 ©
closel) vold |Stream= 1, & AlAE AMEES 9EESHCH
write(int <) void stLte] RAME 7Y o
writel String str) void ~E™HES FIUg
write(char[] buf) void A2 BHEE ZlY Tt
write(char[] buf., int off. int len)| void =A B2 9] 472 E 7T},
write(String str. int off, it len) | void SERH L dE =2 FlUdstn)

Writer 2SS HlAE
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« HIOIE AESUHAME EAtK
- BIOIEEHRIZ 8102 = A4S chargd L= H &
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- MEANYHES R 205 WZ0 Jisote 2=

1: irmport jawa. ic. *:

=k

Z: public class Stringlngeput 4

- rublic static ~wolid main(String [l arss) throw s Excepticon
5

S it (args.lsneth < 1 1 A

i Sxwestermm. . out. println(“TIsage | java StrinsInpuat file"):
= r<turr:

LS +

1o String inputStrines:

11: InputStreamBeader isr = new InDutSireamBeader(Sirsternind:
135:

14: Fil=TOutputStrearn fos = new FHileOutputStreamlarss[ o]
165 BufferedWriter kbw = new BufferedWriterlosol:

1°7:

15: v hilellinoutStirine = bronrnsadlins00) I= nulll o

19: bw s ritelinoutStrine + =F

=0 T

=Z1: b . closs):

ZE: br.oloss():

=23 r

=48 ¢

llﬁl



<186> <Contents Delivery Programming>

e InputStreamReader 24 M= AtE X2 2= ol &b

InputStreamReader isr = new InputStreamReader(System.in);

« ANABL 2ASHE S, HHE S N30t i Al InputStreamReader 24 Xl
E BufferedReader 2ZH x| 2| CI X2 =.

BufferedReader br = new BufferedReader(isr);

e ANESXUEZ MY =Z MHGH)| 2o FileOutputStream= M A =0, Of
OIAZE2 SHLe et2 As AHEE 2dg I, €=U Y arg[0] 8t0[=.

FileOutputStream fos = new FileOutputStream(args[0]);

o AN A2 X & = BufferedReader A E 2 = nullO] OFY [ DHAI
M2V A BufferedWriter 2ZH XIS O| =0l UL 0| J| =€t

r&"
L
[©

while((inputString = br.readLine()) !'= null) {
bw.write(inputString + "\n");

i !

iz
;??L;?f%&
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Al & (Thread) 2 A L] A4

@

ALE

[0
U0

N,

0
%
I
m
A
10
HU
1>
02
tn
>
=
>
>
0

o ANBIHM= CHUHEZI= LiEN AdI=ES AMHNEL=E AFEe2=C

1= AtEotAl =L

OlA AF2BH= fork()QF 22 Al AE X2

e
%
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Al =2 2 ef BH0|

. Thread 2 A
- AYEEZE CIXCIGHD new HAXIE 0|00 AHEE MASH 212 201,

. Runnable
- M2Z2 AdEJMEAEN 1 AHES start() HIAEE S=otH, AdlE= Ad Jfsét
Runnable 2 E{ D} &,

- AMABZ I SEAYC
. M RPN oHE 20 AYMES SIS Kbt BIEFY AHS A0 SIHA Hel.
. A2 RunnableA B0 A= AYESS YOS HBRE
. CPUS SHE2H0M| B BHLIC| A TSRS Ms
- ABAN A AUCS SOIA SILIDHS 2otA A3

. Not Runnable

- AHSOl AY =2 wait(), sleep() HIAEE SE0HAH & H A2 = Runnable A EH 0l M Not
Runnable&lEH 2 M &G EICH &0l 28t A HF0A HHE D EHJIQEF_ 2O Z AelE
sJl= 20| L.

U

dl =0t
[

1S 25 0IX®H A Y E= Dead AHEH D} E..
, Al =2 run

=0 EUHAHUL 28 & 22 Adl== Dead B I = L

M 1>

i

iz
;??L;?f%&
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F:":.EIIEgl = EH B0

~

Thraad & &
Start()
[
Runnabla Dead
Motify ()
Wait(), sleep() s =

Hunnable

e A

&
e
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AYE SHAL ALE

e ANBIHIA AHEE AFZ0ED| flet & DAl & &
— Thread %EH&% A=
— interface 22 A °l Runnable 2¢{A E &

o AYE SHAL A
e .

- U=

o2
&
i
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Thread 2cH A 2| At

e [IE Z2HAE AHEX &1, Bl java.lang. Thread 2 A0S A
=82 [ AAZEDts

o AYESHAS H4F2JULY, 2 A Ad= B E S0t A4
CE AASHA ot OFgt
— AHIES AHE LeleE HAE = start() &

Thread thread = new Thread_Test();
thread.start();

o2
£
i
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T2 2o P

[
o |H

SIS AYEE 0186t 05 2tH2Z “Thread BIS"E &
Ct.

ol
rr
|H
HU

|
N

= ruabkElic class TThrr==ad Il ==t =—=ternd=s T hr==d

=1 1

= = it te==t:

== rulklic TTMhreacd e st )

i 4

= T

L= I

i I uatkerlic —meodicd iaxal 3

1 1 : 4

1 = : Ttr=-

1 =: 4

1 4a: irat i=— (a:

1 =: Forii=0: i<t A1 i i+ —+ 1

1 o 4

177: Sxwastern.oub. printlnl " T hr=ad™ + it
1 =: SrawsternLouat ikl T s
1 =: =l 5000

b e T

=1 : ¥ catachilInterruisted Pz asrticn i=D

== 4

== ¥

= ¥

=5:

=B alkelic s=tatic ~woid miminl==trimnme[0 ]l =mrnme=2

= F 4

= = T hr==d thr==cdd = ey T hreocd The st
=9 thread start(d:

= ¥

=1: ¥

llﬁl
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i

iz
;??L;?f%&

ThreadTest 2ci A = Thread S A E 4t

J
a
0[0

public class ThreadTest extends Thread

Thread thread = new ThreadTest();

thread.start();
0~99 Xl SEXE =3HA| sleep(500) J|2t=0FH, = 0.5=x 2!
Hs EE9e

219 2 Thread +

for(i=0; i<100; i++)
{
System.out. println("Thread“ +i");

sleep(500),
}
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Runnable 2c{A 2 &

e Runnable 22l A = interface 2cHAZ A E KRS Ak
ga 2= M E=ofiOrg VI =2&8el = dola
e AYEE MMGID| RSt & B &
— java.lang.Runnable 2 A E H&.
— Runnable @ E{H 0| A 2] & 2
e OIHHOIAE e HHles H2E HAEE BIEAl &

ot 04 OF &f.

public interface Runnable {
public abstract void run(); // 3 & ol 0Fot= HIAE

}

o2
&
i
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e Thread 22 A 2| M A X2 Runnable @ HHOIAE 0| =
ot™, Thread 2HAE A58 = A0 Ot&JHAI 2
Thread% ol &= QULH.

class RunnableTest extends A implement Runnable {
public void run() {

/| A3E DE Arg

¥
¥

o2
&
i
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=< Runnable 1 E{H I O| A E 2edole= 2 A

1) Thread 2 A XFE O| =0l (H Thread AH2 = AlE0l=

10| C}.

— & RunnableTest 22 A2 2HHE Ct=1), 1] 2H K|
E Thread 22| A 2HAIC| CIXIE EH=

— OIXI22 2 Thread 2 A 28 A t =
Runnable CIEHH|O|AE O|l=Zet AHEE MAS =
AULE.

o oI (M

P
P
|.

0

RunnableTest runnable = new RunnableTest();

Thread t = new Thread(runnable);
t.start();

B
%
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S _JHo 1d

e IZZ )0 LIS ThreadTest.java2t Ot & JHXI 2 "Thread i"E 00 M R H
99J)tA| 0.5 2tAHACE Eo6t= L2 10| L

public class RunnableTest extends A implements Runnable

<
int test;
public RunnableTest{)
£
>
public void rundl
£
truy
“
int i=8Aaj3
For{i=@A; i<1808; is+=)
€
System_out _printin{""Thread"™ =+ 4i};:
Syuystem-out _printdInd"""") 3
Thread._sleep {588} 3
>
» catch{InterruptedException ie)}
€
Suyustem-out _printIlndiel);
>
>
nuhbhlHice static ondid maindStrinOgf] args)
<
RunnableTest runnable = new RunnableTest ) 3
Thread © = new Threaddrunnable) 3
t-.stavrt{l:
>
>

i

iz
;??L;?f%&
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Java |l TCP A3 X &2
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2H XF A
0o o

'8
[
il

T1CP Al H

 ServerSocket() )

{accept()

Gl ol Eb (2 )

ClolEHEH

EclolHE= ST H
A =g PN 22
]
/0 ~E2 MAY
il
> read() e—
¥
Z2alo|HE
R XHal

(YO =2 M
!
—{ writel) )
—( read()
¥
. ( close )

¥
{write()

!
{ close 3
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JavaOll Al DatagramSocket

o NBHUTP E=_18 &4
UDP Z2¢cio|d E UDP A Hi

{ DatagramSocket() ) ( DatagramSocket()

y Gl 0l EH R )

—( send() ) (receﬁfe(] i

diolen =&

—[receﬁfe[] e (sendl) »——

closel)

B
%
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JAVA Socket (1)

o XHIWM UERAD Z2 0 (AH)
— java.net I 2| X|
— MNHB A3 (ServerSocket)Ol2t= 2 AE MHSO M ALE

o ddAl

— ServerSocket(int port)
— ServerSocket(int port, int backlog)
— ServerSocket(int port, int backlog, InetAddress bindAddr)

'z
2 fol

10
e
Q
ir 4o
N Al
o
n
T
>
o
<
=
Ok
0
10

o

o

M

HU

FE

gl

IS

l

!
X tH
o 0 >

X 10 U0 M

o < Im
0

M
T2

X
>~
WO = H

ou R >

T

J
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JAVA Socket (2)

 backlog Ot#®HE
- SA0 2YE 0| LE R0, A0l 22H0|HES)

E= ZHINMAJISE AIE Jl=

— backloge 72| = Z 0|

— backlog2 Ut 2 2ct0IHEIN ANE =S D2l I U
CHLIHA Sel0|HES2 AELT X ©

+ bindAddr2 AtH T2 0240|021 MO 2REIHAN HSE
= Q20 2 ZEE M AUAS 2= 20| 0L}, SB

i L N y Mo
ZAHEHS EEQO[EZoHA AYE0| O|=HAI=F & |
=

> o

- 22 )= A 23S = A accept) HIAEE S =

— accept() HIAE= S2H0|HEZFH AL &0 LEZE MK
NBHE SEAILD JALIH S0|IHEZFH QA O] =0
QH Z0IHEL} S4le == U= Socket 2HAE S| EH et

o2
£
i
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JAVA Socket (3)

« KNHIHM UERI ZZ2 1(22I0IHE
— A3(Socket)Olct= EHAE 0|2
o 2HAA

=)
etLk.

— | Socket(String host, int port)
— | Socket(InetAddress address, int port)

KA = 1P ot= QUL
— Socket 2cHAE Bt= = 0l= 2201A SZP MBl ALOIOIl CIOIHE =18=
= A= 1/I0 AEEHS ‘3%010 StCF.
- Ao Z2H HIO0IHE &0t=0[J] fol M= InputStreamO| Z L 6t17,

HIOIEE &0l #l ol /H OutputStreamO| Z

— 230l A InputStream= 2 J| 2ol M= getlnputStream() Bl &= &,
5 OutputStream= & J| ?|oll M= getOutputStream() Hl&~=Z 0| S
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JAVA Socket (4)

ME L2 )&

ChatApplet

ChatServer
ChatHandler -

ChatApplet

ChatHandler —

ChatApplet
ChatHandler —
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JAVA Socket (5)

4

6

/

38

S
10
11
12
13
14
15
16

17
18

Ol Ml : ChatServer.java

1 import java.net.*;
2 import java.io.*;
3 import java.util.*;

5 public class ChatServer {

protected Vector handlers;

public ChatServer (int port) throws IOException {

ServerSocket server = new ServerSocket (port);

handlers = new Vector(2, 5);

while (true) {
Socket client = server.accept ();
System.out.printin ("Accepted from " + client.getlnetA
ChatHandler ¢ = new ChatHandler (this, client);
handlers.addElement(c);
c.start ();
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JAVA Socket (6)

Ol Ml : ChatHandler.java
5 DUblIC class ChatHandler extends Thread {
6 protected Socket S,
/ protected DatalnputStream i)
8 protected DataOutputStream 0,
9 protected ChatServer server,
10 protected boolean stop;

12 public ChatHandler (ChatServer server, Socket s) throws IO

13 this.s = s;
14 this.server = server,
15 i = new DatalnputStream (
new BufferedinputStream (s.getlnputStream()));
16 o = new DataOutputStream (

new BufferedOutputStream (s.getOutputStream()));
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JAVA Socket (7)

public void run () {
String name = s.getInetAddress ().toString ();
try {
name = i.readUTF ();
broadcast (name + " has joined.");
while (Istop) {
String msg = i.readUTF ();
broadcast (hame + " — " + msq);
s
} catch (IOException ex) {}
finally {
server.handlers.removeElement (this);
broadcast (name + " has left.");

try {
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JAVA Socket (8)

38 protected void broadcast (String message) {
39 synchronized (server.handlers) {

40 Enumeration e = server.handlers.elements ();
41 while (e.hasMoreElements ()){

42 ChatHandler ¢ = (ChatHandler)
e.nextElement ();

43 try {

44 synchronized (c.o) {

45 c.o.writeUTF (message);

46 }

47 c.o.flush ();

48 } catch (IOException ex) {

49 stop = true;

A0 }
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JAVA Socket (9)

0l dl : ChatApplet.java

/ puB‘ic ass atAppI?t extends Applet implements
Runna e, ctionlistener

18 public void init () {

19 card = new CardlLayout();

20 setlLayout (card);

21 Panel login = new Panel(new BorderLayout());
29 Panel chat = new Panel(new BorderlLayout());
30 chat.add ("Center", output = new TextArea ());
31 output.setEditable (false);

32 chat.add ("South", input = new TextField ());
33 input.setEditable (false);

34 input.addActionlistener(this);

35 lineCount = 0;

36

37 add(login, "login");

38 add(chat, "chat");

28 \ card.show(this, "login");
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JAVA Socket (10)

47 public vold start () 1
43 listener = new Thread (this); stop = false;
44 listener.start ();
45
46
47 public void stop () {
52
53 oublic void run () {
54 try {
62 Socket s = new Socket (host, Integer.parselnt (port));
63 i = new DatalnputStream (
new BufferedinputStream (s.getlnputStream ()));
64 o0 = new DataOutputStream (
new BufferedOutputStream (s.getOutputStream ()));
65 output.append(" connected.");
66 input.setEditable (true);
67 input.requestFocus ();
68 execute ();
69 } catch (IOException ex) {
. 70 ex.printStackTrace (System.out);
= /1 }
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JAVA Socket (11)
74 public void execute () {
75 try {
76 while (!stop) {
77 String line = i.readUTF ();
78 if(lineCount > 50) {
79 output.setText (lastlLine + "");
80 lineCount = 0;
81 I
82 output.append (line + "");
83 lastLine = line;
84 lineCount++;
85 I
86 } catch (IOException ex) {
87 ex.printStackTrace (System.out);
88 } finally {
i
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JAVA Socket (12)

public void actionPerformed (ActionEvent e) 1
Component ¢ = (Component) e.getSource();
if(c == logtext) {

String loginname = logtext.getText();
loginname = loginname.trim();

try {
o.writeUTF(loginname);
0.flush();
card.show(this, "chat");

} catch(lIOException ex) {

\ ex.printStackTrace(System.out);

} else if(c == input) {
try {
o.writeUTF (input.getText());
o.flush ();
} catch (IOException ex) {
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JAVA Socket (13)

- PIHUYHNOA =22 J8s 8 = U=20EEE 22 )
« MEZ=Z_JEHUA= AAEAIL IIEHS ot ) HEIIE K= 20
AKX MO & E
Ol

EECNAMH=0

DFA2 21X

—_— ——

T b4 Applet Viewer: WApplet.class

applet

LIME

RECT

IF'.pplet started,
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Part b

Remote Procedure Call
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RPC gt ?

Q

|O

o OFLIS client)t HIER T &t
procedureE & Hot=A

| CHE 2 = E L} serverl

o« MEAtE=Z_]

uy

e =

o socketinterface2Ct =2 12{2 0] 0|

 protocol compilerE AIE
sSHlEz&Z2 HO

o - —

 Distributed Computing Environment ot A 4t SE2
ok <l et toolkit

B
%
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Remote & Local Procedure Call

5 arguments |
Client Server
calling called
procedure | procedure
Local Procedure Call results
Client Server
calling called
procedure procedure
arguments arguments
results results
Client Stub Server Stub
network network
transport | | transport
request reply reply request
messages = messages messages | messages
Remote Procedure Call (N etwork )
i

iz
;??L;?f%&
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Remote Procedure Call(1)

o JE
— Client-Server Model
— stub
— XDR(External Data Representation)
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Remote Procedure Call(2)

e Client-Server Model
— request and reply S¢&IE2E 0| =
— client@t server= S0 2l stubf| 2|6t S 4l

=cE== H8otd, HAKXE 24 & Wetol
= Al & st =4I interface

 XDR(External Data Representation)
— machine-independent data representation
— client & server stubOll A GIO|EF S Al AFE

B
%
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RPC JHEor)| fst A

00
0K
Uj0

o 1 CHJ
- Iz=EZ Mo
o protocol definition & 0| t2t client & server ALO|
9| interfaceE &2

— service procedure, data type of parameter, return
argument

« MO|El T2 EZ2 RPCGENS2 £ compile
— client2} server2| stubJ} A A
e 2 CHH
— client & server £ 12 Y
e client2 main == ]2 &4
e serverl| S Lz & &4

o2
&
i
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RPC & IPC S &
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o |PC(InterProcess Communication)
- =58t library
- e 2 COHA0| HHA =
— High-Performance
— machine-dependent data representation
* byte-ordering & X
e RPC
- JHE E0|
— Low-Performance
— machine-independent data representation

B
%
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RPC Products

o Sun ONC(Open Network Computing) RPC

— RPCGEN, RPC Runtime, XDR(External Data
Representation)

o Apollo NCS(Network Computing System) RPC
— Object Oriented model

— IDL(Interface Definition Language), RPC runtime,
NDR(Network Data Representation), ASN.1 BER

« OSF DCE RPC
— based Apollo NCS RPC
— added Security, Directory, Thread

B
%
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High-level RPC & &

* high-level function= 0| &
— UDP transport protocol A&
 client & server2| interfaceE & & &
* protocol compilerE AIEotAl &0 2= )& s
« TCPE At&E0otJ| ol A= low-level functionS At=
« JHE UE
- T2 &2 HO| client & server Z2 1 & &4

B
%
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J_L¢|_I—_ JI—IO

e Data Types
— ex) char, int, double etc.
* Program, Procedure, Version Numbers
— ex)
#define DIR_SIZE 8192
#define DIRPROG ((u_long) 0x20000000) /* server
program # */
#define DIRVERS ((u_long) 1) /* program version
number */

#define READDIR ((u_long) 1) /* procedure num for
look-up */
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High-level functions

o client
— callrpc()

e int callproc(host, prognum, versnum, procnum,
Inproc, in, outproc, out)

o server
— registerpc()
 #include <rpc/rpc.h>

e Int registerrpc(prognum, versum, procnum, proname,
Inproc, outproc)

— svc_run()
e void svc_run()

B
%
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High-level RPC

Server Machine
Server Program

[—’ service poceduresT

registerrpg()

Portmapper | «— _ I _svc_run() |
dispatch function

callrpc
T }
host, program, version, error or results
procedure, arguments Client Program

Client Machine

llﬁl
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Example Program

Client rls.c
rls.h
rls_xdr.c

[1[[[[[[[[[” rls_svc.c

Server 'read_dir.c
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Protocol Compiler & Lower-level RPC
__ Programming

user developed

RPC Specification

RPC Compiler
. shared filters
client stub & header file server stub
compile compile
and and
link link
client RPC and data server
functions representation functions
libraries
client server
executable executable

llﬁl
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Low-level RPC =& = 1 &

e U&F HO| Lz _)eH(application.x)
—~ RPCGEN2Z ZZEZ HO| X2 ] 28 compile
o XDR routine 244 (application_xdr.c)
e IZEZ HOI0 THSt include file 244
(application.h)
e client stub 24 & (application_clint.c)
e server stub 28 -& (application_svc.c)

« MH AHIA T2 )e8(application_svc_proc.c)
— server stub2| dispatch 2 EI0fl QoA S =& &%

« 22t0|AHE X Z "] EH(application.c)

B
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=2 2ol 22 H =]
RPCGEN= 0| E¢et == HE
application.x
(protocol definition)
\ 4
$rpgen application.x
\ 4
application.h ——
application_xdr.c ||
(data representation) ] application.c
_ _ —] (appﬁcation source)
application_svc_proc.c application_clnt.c
(server process source) [~ (client stub) T
| | application_svc.c
| server stub)
\ 4 \ 4
application_svc af)plication
[RPC server executable) (RPC client executable)
i

iz
;??L;?f%&
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Example Program

Client
your code, includes

‘ > il rls.c
readdir_1() client stub fs clnt.c

generated by compiler

XDR Filters
generated by compiler

\ 4

A

Network
rls_xdr.c | RPC protocol
Server
XDR Filters

generated by compiler
server stub

. generated by compiler rls_sve.c
readdir 1
< 0 your code rls_svc_proc.c

service procedures

llﬁl
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High-level & Low-level calls

callrpc()

cInt_create()
cInttcp_create()
cIntudp_create()
cIntraw_create()

cInt_destroy()

cInt_call()
cInt_control()
cInt_freeres()

transport library

transport library

registerrpc()
svc_run()

high-level calls

l

svctcp_create()
svcudp_create()
svcraw_create()

svc_destroy/()

svc_register()
svc_unregister()

svc_getargs()
svc_sendreply()
svc_getreset()

low-level calls
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Part 6
Java RMI

ik
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1. RMI J| (1)

<Contents Delivery Programming>

1)
m

gl
> JH
0

|
. b=
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[H4 OO

0 >
Qlj
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EEJEHD'
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1. RMI J| Z(2)

u A
0

Bl
Ar (%

> oy
I
_>i

AE - RMI, CORBA
T )
| Ec

<
00 4> J
A

=
O

=cho|HE A H

i— & -5 A( )
o

B
%
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1. RMI J| = (3)

¢ RMIS H&
- HHMAIEA,
- T2 )d &d & AI=2 =014,
- 20ot4.

- J|E AAED S8

« RMIC J|2&Qol =54
- 2 HHMl(remote object)2] HIAEE SEE = Y= YUY
3
— A MY - CHE X DY HA(L BHA
U_E=)UA SEE == U= HAZE JtHA
- A A= U 2
5 221 OIE{ H| 0

nicastRemoteObject =i
AE AE2|UH=X 3FE+.
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1. RMI J| % (4)

« S2I0IHES A X2 2
— class A - 2c2I0/AHE
— class B — LAHHI(MH)
- 22l0|H E class A2l &% a()=

remote
interface

a() . b0 ’:;;éf

40

|23 2H K| class

UnicastRemoteDbject

extends

e class A class B
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1. RMI J| Z(5)

« Xl RMIZ O|=Z¢et 2209 E/MNH T2 8o &M
=t A
MHE S~
(.class
=ct0|HAE Z0|HE ~H5 MH A=
— | . .
-] = (class) (.class)
(.java)
@@ rmiregistry A &
(.class) oH= =F
EEIEIE M ZHA] A E
Al of
212 243 S=
| | | |
& EEETE A
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1. RMI J| % (6)

o2
£
i

RMI 222 )Y E Xt

1. 22 OIHHIO|AE & Ol &HL}.

2. A OIHHOIAE AEL|U=X 6= A HHU(MH)E HHESHH

3. /123 MY E 0|Eote T2 N (2H0|HE)S ZASHEE

4. stubt skeleton 2HAE MM SHCE

5. registryE & AIZ2IC},

6. NH2F 240|HEE & AIZ2ILCH.

& 23 OIEHH 0| A

- AME &= W3 Kl - java.rmi.remote, java.rmi.server

- 2 &3 2IHH 0l A= Remote EﬂHIOIﬁETH Al BFOLOE

— Remote AIHHOIAE HIAEID 8AHE X £ CIEHHIO| AO|CH.
« public interface Remote { }
— RemoteObject — RMI| &3 00 A It A<

SciA

rol
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1. RMI J| %(7)

« RMI| /224 Of ol
— TCP/IP BIE
- 3HS +L
« Stub/Skeleton HS - Ot&F AEH
« Remote Reference HS - M2 S W
« Transport HIS - UESR &S

- RMIOIA &2 Ao HAEE S M HAZES OIHHE
ot 2le g0l WIERaAE Sal

- HERIE Sl 835 M HAZ=2
HIOIE AEEOZ HAMMA MESIH Tl=0al, 01232 0F&f
A E & (marshal stream)0l et 2 StCt.

- 0t&F AEE S 0tE= HE 2 0taFel (marshaling) 0l 2k 1] 2HCH

WHES A0S (unmarshaling)0l et 2 L.

o2
£
i
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2. Xtdt RMI GIL Rl (1)

1. %?yHGIIO()EPE HAEE 2= Hellodle &3 QIHHIOIAE 2|8t

0l Ml = Hello.java

1 package hello;
2
3 import java.rmi.*;
4
5 public interface Hello extends Remote {
6
7 public  String  sayHello()  throws
java.rmi.RemoteException;
8
9}
. Z7]
1) &2 Ol H IOl A = java.rmi.Remote CIEHIO|AZEE At=Bt=
" Ct

3 D) 22 OIEH 0] AS public@2 & oI5 010k BHCE.
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2. XtHt RMI GIL Rl (2)

2. Hello QI HIO|AE A ZE2|UH XS HelloimplO|2t= & A 2H K|

« OlAl : Hellolmpl.java
package hello;

mlm
rlﬁ
[

import java.rmi.*;

import java.rmi.server.x;

Import java.net.*,

public class Hellolmpl extends UnicastRemoteObject implements Hello {

public Hellolmpl() throws RemoteException { super(); }

— —h

public String sayHello() throws RemoteException {
return "Hello World";

public static void main(String[] args) {
System.setSecurityManager(new RMISecurityManager());

try {
Hellolmpl h = new Hellolmpl();
Naming.rebind(“rmi:/203.252.201.16:9999/hello", h);
System.out.printin("Hello Server ready");

} catch (RemoteException re) {
System.out.printin("Exception in Hellolmpl.main: " + re);

} catch (MalformedURLException mfe) {

} System.out.printin("MalformedURLException in Hellolmpl.main" + mfe);

— — — —

N
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—
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<Contents Delivery Programming>

2. XtHt RMI GIL Al (3)

o2
£
i

bind2t rebind
— rebind() HIAE2 bind() HIAE= /A HHYE SE6I=(
Ol &2 bind() HIAEE= %%‘@ 0

Iom_m

I Al M2 282 CHxIiCH = R
9 OIAEIA 0|20] AFREICH. RMI URLS LIS D 22 & E 2 & 0f

« & EH
rmi://host:port/object_name

- WetM OlR 2208 H 8 2HHo| helloct) O|&E J|lsdt BR=

T30

- O :
Naming.rebind("rmi://localhost:1099/hello", h);
?t S2GICH RMI= D128 22 1099 LEE AIZ &Y.
& 1
- 1. A A= A C&'EHHIOI£O1I SACKX £22 HA2ESE H2g
KB &2 Ol HOIAN MAZX E2 HAEE= S20|HENAN S =
SiCt.
— 2. 3A HHo MHAL HAE=2 RemoteException= throwsall OF 0
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2. Xtdt RMI GIL Rl (4)

e ZUL o]
% javac —d . Hello.java Hellolmpl.java

°
oGO

Lﬁellolmpl A MY E olxmol= T2 JH(22H0|9E)S &4
Ct.

« OlXl : HelloClient.java

.

1 package hello;

2

3 import java.rmi.*;

4

5 public class HelloClient {

6

7 public static void main(String[] args) {
8

9 System.setSecurityManagér(new
RMISecurityManager());

10

i 11 try {
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2. Xtdt RMI GIL Al (5)

12 Hello h = (Hello)
Naming.lookup("rmi://203.252.201.16/hello");
13
14 String message = h.sayHello();
15 System.out.printin("HelloClient: " +message);
16 } catch(Exception e) {
17 System.out.printin("Exception in main: "+ e);
18 }
to—
20 }
« 4. rmicE 0|E0oH M stublt skeleton 2 AE Bt=1), jar I = Bt

C}.
% rmic —d . hello.Hellolmpl
% jar cvf hello.jar hello/*.class

B
%

1) rmic= stub1t skelS MAHst= 2O 2H0|LC}.
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12.2 AtBt RMI Off K|

« 5. rmireqgistryE s=¢otll.
% unsetenv CLASSPATH
% rmireqgistry &

[1] 7382
« 6. B0t AA Y= MASHCY.
(Al : java.policy
1 grant{
2 permission java.net.SocketPermission "*:1024—
65535",
3 ‘connect,accept"’;
“4 pe“rmission java.net.SocketPermission "*:80",
connect
5 h

by 7.rmi NHE Jts AlIZ21LC.
gt % java —Djava.security.policy=java.policy hello.HelloImpl
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2. XtHt RMI GIL Al (B)

e 7. 2210|HE T2 )iz AlSHA|2ICH.
% java —Djava.security.policy=java.policy hello.HelloClient
HelloClient: Hello World

OI

- RMI Sc2H0IHES (IS = Hdet Ol Xl

« OlAl : HelloApplet.java
package hello.

import java.awt.*;
import java.applet.*;
import java.rmi.*;

public class HelloApplet extends Applet {
String message = "";

]
2
3
4
5
6
/
8
9
0

] public void init() {

o2
&
i
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2. Xtdt RMI GIL Rl (7)

11 try {

12 Hello obj =
(Hello)Naming.lookup("//"+getCodeBasel().
getHost() + "/hello");

13 message = obj.sayHello();

14 } catch(Exception e) {

15 System.out.printin("HelloApplet
exception: " + e.getMessage());

16 I

17 i

18

19 public void paint(Graphics g) {

20 g.drawString(message, 25, 50);

21 h

22 }

B
%
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2. XtHt RMI Gl Al (8)

« OlAl : Hello.html
1 <htmlI><title>Hello World</title>

2 <applet code=hello.HelloApplet archive=hello.jar
width=400 height=400>

3 </applet>
4 </html>

o ZHUILSH)]
% javac —d . HelloApplet.java
% jar cvf hello.jar hello/*.class

o 21

% appletviewer Hello.html

o2
£
i
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Part /

CORBA I RZ & Hai&td
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CORBA IR

o 20X 22| _1E (OMG : Object Management Group)
- B A= 0[S 22 B0 A O =2l AH 0] &

NN 2€Ret otRR2L2 I8 s =822
of= &HAl

o 22X 22| 02| X ( OMA : Object Management

Architecture)

« CORBA (Common Object Request Broker Architecture)

: ORBE| &3t

ol

B
%
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CORBA &

{ Client } { Object Implementations }

/LN

\ 4

. Static Dynamic Obiect

Dynamic Client ORB IDL Skeleton Ath
apter

Invocation Slt[u)II;s Interface| Pkeleton |Interface P

ORB Core

Impl.
repository

Interface
repository
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CORBA &

« ORB Core
- ScIO|HE/ASE XM S J|BH0] Hl=dLEUHE
* Interface Repository
- M2 e+ WeiIEH2 =Ha S8 CIHHIOIA HE2E
2t
* Implementation Repository
- BN U= ARt HEEHE S 22

o2
&
i
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CORBA IDL

e IDL(Interface Definition Language)

D OMGONl A AR JIEHlo] A~ Y] Aol BF
Client9} Server Alolo| = Q3 ZAA
AE o] A9

-ALE-E = AAC ik A H o] Ao

Z} AAxkel vz g HY

gl

%23

-& 47k, A

)

B
%
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Java & CORBA 2 E!

<Contents Delivery Programming>

HTTP
M H

MNH O Z2IAH Ol &
2|8t HTMLE2A] ‘

A 4

JDBC

ODBC DBMS

RMIE & =5t

=2 =2 O e

Xteh A B
O = 2I2H01&

ool =il
JI=

O = 2l 01 &

PNJul=:
SetfM

yy

v
Jm
0x

I Kl et

DHHETH

7'}
v
J
0

(Wrapper)

24t 11OP

CORBA A t1 OHZcIAI01&

A
A 4

A

At C++, &= JIEFA O

=>RMI : &%

tEE OHZ2I A0 S 2let FHL =4 H =

=> Java

Interface( CORBA, OMAJ} DHItLI S Ml 3)
ll"é‘ll
llﬁl

JIE OfS2lA0lE
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CORBAZE 0| &8t Java application 2| Or2| &l

‘—E—A-I,OI DIII\ INI= IRV E=5
ScH0IHE

I E=R=rI=0¢ NBL S~ ~~
HTTP A H
ORB
A2DE
A B
=2
. H 0] &
v e
ORB AHE| ~~ 3 DBMS
XHHE VM

llﬁl



