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ID

int shmget(key t key, int size, int flags)

• <sys/types.h>, <sys/ipc.h> <sys/shm.h>

•

ID( ) −1
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int shmget(key t key, int size, int flags);² � � � � � � �² � � � � � � � ¥ � � �
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char *shmat(int shmid, char *shmaddr, int shmflg)

• <sys/types.h>, <sys/ipc.h> <sys/shm.h>

•

(attach )
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•

char *shmat(int shmid, char *shmaddr, int shmflg);

• shmid ...

• shmaddr

NULL

• shmflg

SHM RDONLY ( 0)

—
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int shmdt(char *shmaddr)

• <sys/types.h>, <sys/ipc.h> <sys/shm.h>

•

(detach )

0

−1

² � � � � � � �² � � � � � � �
¥ � � �

	 
 � �

¥ � � �
¶  � � �

•

shmctl( )

ipcrm

'

&

$

%ipcs -m
—



1510

int shmctl(int shmid, int cmd, struct shmid ds *buf)

• <sys/types.h>, <sys/ipc.h> <sys/shm.h>

• shmid ...

• cmd IPC STAT, IPC SET,

IPC RMID

• buf struct shmid ds ...

• shmctl(shmid,IPC STAT,buf)

ID shmid (e.g. ,

ID, ......) buf

• shmctl(shmid,IPC SET,buf)

ID shmid buf

• shmctl(shmid,IPC RMID,buf)

ID shmid

• 0 ...
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15. 1 ( )

1© (ipc-by-shared-mem-progA) int

(*a, *b, *c 3 )

2© (ipc-by-shared-mem-progB)

double (*ave)

3©

ipc-by-shared-mem-progA

	 
 � �¶  � � �
my_turn

a
b
c

ave

maxmessize

message

a
b
c

your_turn

ave

maxmessize

message

ipc-by-shared-mem-progB
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ipc-by-shared-mem-progA

	 
 � �¶  � � �

my_turn

a
b
c

ave

maxmessize

message

a
b
c

your_turn

ave

maxmessize

message

ipc-by-shared-mem-progB

2

1

ipc-by-shared-mem-progA *my turn,

ipc-by-shared-mem-progB *your turn

—
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[motoki@x205a]$ pwd

/home/motoki/Operating-Systems2011/C-Programs

[motoki@x205a]$ nl ipc-by-shared-mem-progA.c

1 /************************************************************

2 /* Operating-Systems/C-Programs/ipc-by-shared-mem-progA.c

3 /*-----------------------------------------------------------

4 /* 2

5 /* Master

6 /************************************************************

7 #include <stdio.h>

8 #include <stdlib.h> /* for exit() library function */

9 #include <sys/types.h> /* for system calls of shared memory

10 #include <sys/ipc.h> /* for system calls of shared memory

11 #include <sys/shm.h> /* for system calls of shared memory

12 #define TRUE 1

13 #define FALSE 0
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14 typedef int Boolean;

15 int main(void)

16 {

17 key_t key=1234;

18 int shmid, size;

19 char *shmaddress;

20 /*--------pointers to shared memory---------*/

21 Boolean *my_turn;

22 int *a, *b, *c;

23 double *ave;

24 int *maxmessize;

25 char *message; /*array of size 256*/

26 /*--------pointers to shared memory---------*/

27 /* memory allocation */
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28 size=sizeof(Boolean)+4*sizeof(int)

29 +sizeof(double)+256*sizeof(char)+4;

30 /* ”+4” */

31 if ((shmid=shmget(key,size, IPC_CREAT|0666)) < 0) {

32 perror("shmget");

33 exit(EXIT_FAILURE);

34 } attach

35 if ((shmaddress=shmat(shmid,NULL,0)) == (char *)-1) {

36 perror("shmat");

37 exit(EXIT_FAILURE);

38 }

39 my_turn=(Boolean *)shmaddress;

40 a =(int *)(my_turn+1);

41 b =(int *)(a+1); my turn

42 c =(int *)(b+1);

43 ave =(double *)(c+1);
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44 maxmessize=(int *)(ave+1);

45 message=(char *)(maxmessize+1);

46 printf("address(my_turn)=%p\n"

47 "address(a) =%p\n"

48 "address(b) =%p\n"

49 "address(c) =%p\n"

50 "address(ave) =%p\n"

51 "address(maxmessize)=%p\n"

52 "address(message)=%p\n",

53 my_turn, a, b, c, ave, maxmessize, message);

54 /* initialize */

55 *my_turn=TRUE;

56 *a = 1;

57 *b = 2;

58 *c = 4;

59 *maxmessize=256;
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60 *ave = 0.0;

61 *my_turn=FALSE;

62 /*wait until the other process changes (*my_turn) to TRUE*/

63 while (!(*my_turn)) {

64 printf("<progA> I am waiting. "

"(*my_turn)=%d (*ave)=%.2f\n",

65 *my_turn, *ave);

66 sleep(3);

67 }

68 /* print a message from the other process */

69 printf("\n<progA> It’s my turn. "

"(*my_turn)=%d (*ave)=%.2f\n"

70 "(message from the other process) %s\n",

71 *my_turn, *ave, message);
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72 /* detach and release a shared memory */

73 if (shmdt(shmaddress) == -1) {

74 perror("shmdt");

75 exit(EXIT_FAILURE);

76 }else if (shmctl(shmid,IPC_RMID,NULL) == -1) {

77 perror("shmctl");

78 exit(EXIT_FAILURE);

79 }

80 return 0;

81 }

[motoki@x205a]$ nl ipc-by-shared-mem-progB.c

1 /************************************************************

2 /* Operating-Systems/C-Programs/ipc-by-shared-mem-progB.c

3 /*-----------------------------------------------------------

4 /* 2

5 /* Slave */
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6 /************************************************************

7 #include <stdio.h>

8 #include <stdlib.h> /* for exit() library function */

9 #include <string.h> /* for strncpy() library function */

10 #include <sys/types.h> /* for system calls of shared memory

11 #include <sys/ipc.h> /* for system calls of shared memory

12 #include <sys/shm.h> /* for system calls of shared memory

13 #define TRUE 1

14 #define FALSE 0

15 typedef int Boolean;

16 int main(void)

17 {

18 key_t key=1234;

19 int shmid, size;
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20 char *shmaddress;

21 /*--------pointers to shared memory---------*/

22 Boolean *your_turn;

23 int *a, *b, *c;

24 double *ave;

25 int *maxmessize;

26 char *message; /*array of size 256*/

27 /*--------pointers to shared memory---------*/

28 /* memory allocation */

29 size=sizeof(Boolean)+4*sizeof(int)

30 +sizeof(double)+256*sizeof(char)+4;

31 /* ”+4” */

32 if ((shmid=shmget(key,size,0666)) < 0) {

33 perror("shmget");

34 exit(EXIT_FAILURE);

35 }
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36 if ((shmaddress=shmat(shmid,NULL,0)) == (char *)-1) {

37 perror("shmat");

38 exit(EXIT_FAILURE);

39 }

40 your_turn=(Boolean *)shmaddress;

41 a =(int *)(your_turn+1);

42 b =(int *)(a+1);

43 c =(int *)(b+1);

44 ave =(double *)(c+1);

45 maxmessize=(int *)(ave+1);

46 message=(char *)(maxmessize+1);

47 printf("address(your_turn)=%p\n"

48 "address(a) =%p\n"

49 "address(b) =%p\n"

50 "address(c) =%p\n"

51 "address(ave) =%p\n"
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52 "address(maxmessize)=%p\n"

53 "address(message) =%p\n",

54 your_turn, a, b, c, ave, maxmessize, message);

55 /*wait until the other process changes (*your_turn) to FALSE*/

56 while (*your_turn) {

57 printf("(progB) I am waiting. "

"(*your_turn)=%d (*ave)=%.2f\n",

58 *your_turn, *ave);

59 sleep(1);

60 }

61 /* processing */

62 *ave = (double)(*a+*b+*c)/3.0;

63 strncpy(message,"It’s your turn.", *maxmessize-1);

64 if (15 < *maxmessize)

65 message[15]=’\0’;
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66 else

67 message[*maxmessize-1]=’\0’;

68 *your_turn = TRUE;

69 /* detach a shared memory and exit */

70 if (shmdt(shmaddress) == -1) {

71 perror("shmdt");

72 exit(EXIT_FAILURE);

73 }

74 return 0;

75 }

[motoki@x205a]$

gcc -o ipc-by-shared-mem-progA ipc-by-shared-mem-progA.c

[motoki@x205a]$

gcc -o ipc-by-shared-mem-progB ipc-by-shared-mem-progB.c

[motoki@x205a]$ ./ipc-by-shared-mem-progA
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address(my_turn)=0xb773c000

address(a) =0xb773c004

address(b) =0xb773c008

address(c) =0xb773c00c

address(ave) =0xb773c010

address(maxmessize)=0xb773c018

address(message)=0xb773c01c

<progA> I am waiting. (*my_turn)=0 (*ave)=0.00

<progA> I am waiting. (*my_turn)=0 (*ave)=0.00

<progA> I am waiting. (*my_turn)=0 (*ave)=0.00

<progA> I am waiting. (*my_turn)=0 (*ave)=0.00

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

*my turn TRUE(0 )

—
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(&sleep)

2
[motoki@x205a]$ pwd

/home/motoki/Operating-Systems2011/C-Programs

[motoki@x205a]$ ./ipc-by-shared-mem-progB

address(your turn)=0xb77b4000

address(a) =0xb77b4004

address(b) =0xb77b4008

address(c) =0xb77b400c

address(ave) =0xb77b4010

address(maxmessize)=0xb77b4018

address(message) =0xb77b401c

[motoki@x205a]$

(&sleep)
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<progA> It’s my turn. (*my_turn)=1 (*ave)=2.33

(message from the other process) It’s your turn.

[motoki@x205a]$

—
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ID

int semget(key t key, int nsems, int semflg)

• <sys/types.h>, <sys/ipc.h> <sys/sem.h>

• ( )

( )

ID( ) ...

• ID ( )

0,1,2,...

• key

IPC PRIVATE ...

• nsems

• semflg ( )

...

—
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int semop(int semid, struct sembuf *sops, unsigned nsops)

• <sys/types.h>, <sys/ipc.h> <sys/sem.h>

• ID semid

sops[0], sops[1], ..., sops[nsops-1]

0 −1

• sops[k]

struct sembuf {

short sem num; /* */

short sem op; /* */

short sem flg; /* */

}
@@
��

—
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sops[k]

( 1 sops[k].sem op<0)

P

1© sops[k].sem num +sops[k].sem op ≥0

2© sops[k].sem num

←− sops[k].sem num +sops[k].sem op;

( 2 sops[k].sem op>0)

V

sops[k].sem num

←− sops[k].sem num +sops[k].sem op;

( 3 sops[k].sem op=0)

sops[k].sem num =0
'

&

$

%
semop( ) sops[k]
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sops[k].sem flg IPC NOWAIT 1,

3
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int semctl(int semid, int semnum, int cmd, union semun arg)

• <sys/types.h>, <sys/ipc.h> <sys/sem.h>

• semid ID ...

• cmd IPC STAT, IPC SET,

IPC RMID, GETVAL, SETVAL, GETPID, GETNCNT, GETZCNT, GETALL,

SETALL

• arg cmd

union semun {

int val; /*value for SETVAL*/

struct semid ds *buf; /*IPC STAT’s buffer*/

unsigned short int *array; /*GETALL and SETALL’s buffer*/

}

arg NULL



1533

• semctl(semid,semnum,IPC STAT,arg)

ID semid (e.g. ,

ID, ......) arg.buf

• semctl(semid,semnum,IPC SET,arg)

ID semid arg.buf

• semctl(semid,semnum,IPC RMID,arg)

ID semid

• semctl(semid,semnum,GETVAL,arg)

semnum

• semctl(semid,semnum,SETVAL,arg)

semnum arg.val
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• semctl(semid,semnum,GETPID,arg)

semnum ID

• semctl(semid,semnum,GETNCNT,arg)

semnum

• semctl(semid,semnum,GETZCNT,arg)

semnum 0

• semctl(semid,semnum,GETALL,arg)

ID semid arg.array

• semctl(semid,semnum,SETALL,arg)

ID semid

arg.array
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15. 2 ( )

14.4 System V

[motoki@x205a]$ nl dining-phil-deadlock-systemV-sem.c

1 /***********************************************************

2 /* Operating-Systems/C-Programs/dining-phil-deadlock-SystemV

3 /*----------------------------------------------------------

4 /* SystemV semaphore */

5 /* Deadlock */

6 /* Dining Philosophers */

7 /* A. &I. C ABC( ) */

8 /* ,12.5

9 /***********************************************************

10 #include <stdio.h>

11 #include <stdlib.h> /* for exit() library function */

12 #include <unistd.h> /* for fork() system call */

13 #include <sys/types.h> /* for wait() and SystemV semaphore
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14 #include <sys/ipc.h> /* for SystemV semaphore system calls

15 #include <sys/sem.h> /* for SystemV semaphore system calls

16 #include <sys/wait.h> /* for wait() system call */

17 union semun { semctl( )

18 int val; /* value for SETVAL */

19 struct semid_ds *buf; /* IPC_STAT’s buffer */

20 unsigned short int *array; /* GETALL and SETALL’s buffer

21 };

22 #define NUM_OF_PHIL 3 /* */

23 #define Left_chopstick(x) (x)

24 #define Right_chopstick(x) (((x)+1) % NUM_OF_PHIL)

25 int Semid;

26 void simulate_behaviour_of_philosopher(int k);
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27 void Print_an_event(int k, char *event);

28 void initialize_semaphore();

29 void P(int semnum);

30 void V(int semnum);

31 int main(void)

32 { 14.4

33 int k, status;

34 initialize_semaphore(); ( )

35 for (k=0; k<NUM_OF_PHIL; k++)

36 printf("Philosopher%2d ", k);

37 printf("\n");

38 for (k=0; k<NUM_OF_PHIL; k++)

39 printf("-------------------- ");

40 printf("\n");



1538

41

42 for (k=0; k<NUM_OF_PHIL; k++) {

43 if (fork()==0) { /* */

44 simulate_behaviour_of_philosopher(k);

45 exit(EXIT_SUCCESS);

46 }

47 }

48 /* */

49 for (k=0; k<NUM_OF_PHIL; k++)

50 wait(&status);

51 if (semctl(Semid,0,IPC_RMID,NULL) < 0) {

52 perror("semctl");

53 exit(EXIT_FAILURE);

54 }

55 return 0;

56 }
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57 /* k */

58 void simulate_behaviour_of_philosopher(int k)

59 { 14.4

60 int i;

61 for (i=0; i<5; i++) {

62 P(Left_chopstick(k));

63 Print_an_event(k, "pick up left stick");

64 Print_an_event(k, " ***thinking***");

65 sleep(1);

66 P(Right_chopstick(k));

67 Print_an_event(k, "pick up right stick");

68 Print_an_event(k, "***eating***");

69 sleep(1);

70 V(Left_chopstick(k));

71 Print_an_event(k, "put down left stick");
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72 V(Right_chopstick(k));

73 Print_an_event(k, "put down right stick");

74 Print_an_event(k, " ***thinking***");

75 sleep(1);

76 }

77 }

78 void Print_an_event(int k, char *event)

79 { 14.4

80 int i, indentsize;

81 indentsize=22*k;

82 for (i=0; i<indentsize; i++)

83 putchar(’ ’);

84 printf("%s\n", event);

85 }
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86 /* , PV */
SystemV

87 void initialize_semaphore()

88 {

89 int i;

90 union semun arg;

91 if ((Semid=semget(IPC_PRIVATE, NUM_OF_PHIL,

IPC_CREAT|0666)) < 0) {

92 perror("semget");

93 exit(EXIT_FAILURE);

94 }

95

96 arg.val = 1;

97 for (i=0; i<NUM_OF_PHIL; i++) {

98 if(semctl(Semid,i,SETVAL,arg) < 0) {

99 perror("semctl"); i 1
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100 exit(EXIT_FAILURE);

101 }

102 }

103 }

104 void P(int semnum)

105 {

106 struct sembuf sem_ops[1];

107 sem_ops[0].sem_num=semnum;

108 sem_ops[0].sem_op =-1;

109 sem_ops[0].sem_flg=0;

110 if (semop(Semid,sem_ops,1) < 0) {

111 perror("semop(P-operation)");

112 exit(EXIT_FAILURE);

113 }

114 }
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115 void V(int semnum)

116 {

117 struct sembuf sem_ops[1];

118 sem_ops[0].sem_num=semnum;

119 sem_ops[0].sem_op =1;

120 sem_ops[0].sem_flg=0;

121 if (semop(Semid,sem_ops,1) < 0) {

122 perror("semop(V-operation)");

123 exit(EXIT_FAILURE);

124 }

125 }

[motoki@x205a]$ gcc dining-phil-deadlock-systemV-sem.c

[motoki@x205a]$ ./a.out

Philosopher 0 Philosopher 1 Philosopher 2

-------------------- -------------------- --------------------
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pick up left stick

***thinking***

pick up left stick

***thinking***

pick up left stick

***thinking***

Ctrl-C

[motoki@x205a]$
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ipcs

[motoki@x205a]$ ipcs -s
------ --------

semid nsems
0x00000000 0 motoki 666 3
[motoki@x205a]$

ipcrm

[motoki@x205a]$ ipcrm sem 0 <-- semid=0

[motoki@x205a]$ ipcs -s
------ --------

semid nsems
[motoki@x205a]$
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15–3

•
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ID

int msgget(key t key, int msgflg)

• <sys/types.h>, <sys/ipc.h> <sys/msg.h>

•

ID( ) −1

• key

IPC PRIVATE ...

• msgflg

...

—
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int msgsnd(int msqid, void *msgp, int msgsz, int msgflg)

• <sys/types.h>, <sys/ipc.h> <sys/msg.h>

• ID msqid

msgp msgsz

0 −1

• msgflg 0

IPC NOWAIT

—
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• <sys/msg.h>

struct msgbuf {

long mtype; /* (>0)*/

char mtext[1]; /* */

};

@@
��

mtext

'

&

$

%

struct msgbuf <sys/msg.h>

struct msgbuf {
long mtype; /* (>0)*/
char mtext[256]; /* */

};

=⇒

msgsnd( ) 2 (void *)

—
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int msgrcv(int msqid, void *msgp, int msgsz,

long mstyp, int msgflg)

• <sys/types.h>, <sys/ipc.h> <sys/msg.h>

• ID msqid

1 msgp

0 −1

• 4 mstyp

( 1 mstyp>0) mstyp

( 2 mstyp=0)

( 3 mstyp<0) |mstyp|

—



1552

• msgp msgsnd( )

struct msgbuf {

long mtype; /* (>0)*/

char mtext[msgsz]; /* */

}

• msgsz

msgsz

msgflg MSG NOERROR msgsz

• msgflg 0

IPC NOWAIT

—
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int msgctl(int msqid, int cmd, struct msqid ds *buf)

• <sys/types.h>, <sys/ipc.h> <sys/msg.h>

• msqid ...

• cmd IPC STAT, IPC SET,

IPC RMID

• buf struct msqid ds ...

• msgctl(msqid,IPC STAT,buf)

ID msqid (e.g. ,

, ......) buf

• msgctl(msqid,IPC SET,buf)

ID semid buf

• msgctl(msqid,IPC RMID,buf)

ID semid

• 0 −1
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15. 3 ( )

14.3

[motoki@x205a]$ nl ipc-by-message-queue.c

1 /********************************************************/

2 /* Operating-Systems/C-Programs/ipc-by-message-queue.c */

3 /*------------------------------------------------------*/

4 /* */

5 /* */

6 /********************************************************/

7 #include <stdio.h>

8 #include <stdlib.h> /* for exit() library function */

9 #include <string.h> /* for strlen() library function */

10 #include <unistd.h> /* for fork() system call */

11 #include <sys/types.h> /* for wait() and message queue system

12 #include <sys/ipc.h> /* for message queue system calls */

13 #include <sys/msg.h> /* for message queue system calls */
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14 #include <sys/wait.h> /* for wait() system call */

15 #define MSGSIZE 256

16 #define PARENT2CHILD 1

17 #define CHILD2PARENT 2 |

18 typedef struct {

19 long mtype;

20 char mtext[MSGSIZE];

21 }Messagebuf;

22 int main(void)

23 {

24 int msqid, k, status;

25 pid_t childpid;

26 Messagebuf message;

27
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28 if ((msqid=msgget(IPC_PRIVATE,IPC_CREAT|0666)) < 0) {

29 perror("msgget");

30 exit(EXIT_FAILURE);

31 }

32 if ((childpid=fork())==-1) {

33 perror("can’t fork");

34 exit(EXIT_FAILURE);

35 }else if (childpid==0) { /* */



1557

35 }else if (childpid==0) { /* */

36 for (k=0; k<6; k++) {

37 if (msgrcv(msqid, &message,

MSGSIZE, PARENT2CHILD,0) < 0) {

38 perror("child: msgrcv");

39 exit(EXIT_FAILURE);

40 }

41 printf("(child) It’s my %d-th turn to process.\n",

k);

42 sleep(3-k%3); /* */

43 message.mtype = CHILD2PARENT;

44 sprintf(message.mtext,"It’s your turn to process.");

45 if (msgsnd(msqid, &message,

strlen(message.mtext)+1, 0) < 0) {

46 perror("child: msgsnd");

47 exit(EXIT_FAILURE);

48 }
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49 }

50 exit(EXIT_SUCCESS);

51 }else { /* */

52 for (k=0; k<6; k++) {

53 printf("<PARENT> It’s my %d-th turn to process.\n",

k);

54 sleep(k%2+1); /* */

55 message.mtype = PARENT2CHILD;

56 sprintf(message.mtext,"It’s your turn to process.");

57 if (msgsnd(msqid, &message,

strlen(message.mtext)+1, 0) < 0) {

58 perror("parent: msgsnd");

59 exit(EXIT_FAILURE);

60 }

61 if (msgrcv(msqid, &message,

MSGSIZE, CHILD2PARENT,0) < 0) {

62 perror("parent: msgrcv");
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63 exit(EXIT_FAILURE);

64 }

65 }

66 wait(&status);

67 if (msgctl(msqid,IPC_RMID,NULL) < 0) {

68 perror("msgctl(msqid,IPC_RMID,NULL)");

69 exit(EXIT_FAILURE);

70 }

71 }

71 return 0;

73 }

[motoki@x205a]$ gcc ipc-by-message-queue.c

[motoki@x205a]$ ./a.out

<PARENT> It’s my 0-th turn to process.

(child) It’s my 0-th turn to process.

<PARENT> It’s my 1-th turn to process.
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(child) It’s my 1-th turn to process.

<PARENT> It’s my 2-th turn to process.

(child) It’s my 2-th turn to process.

<PARENT> It’s my 3-th turn to process.

(child) It’s my 3-th turn to process.

<PARENT> It’s my 4-th turn to process.

(child) It’s my 4-th turn to process.

<PARENT> It’s my 5-th turn to process.

(child) It’s my 5-th turn to process.

[motoki@x205a]$

—


