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                                     InterProcessCommunication
    The communication of more than one process with another process for making a program is known as the inter process communication.IPC is divided into pipes, FIFOs, message queues, semaphores, and shared memory.
Pipes:
Pipes are the oldest form of UNIX System IPC and are provided by all UNIX systems. Pipes have two limitations.
· They have been half duplex.
· Pipes can be used only between processes that have a common ancestor.
A pipe is a one-way mechanism that allows two related processes to send data from one of them to the other one.
             A pipe is created by calling the pipe function.
#include <unistd.h> 
int pipe(int filedes[2]); 
Returns: 0 if OK, 1 on error.
Two file descriptors are returned through the filedes argument: filedes[0] is open for reading, and filedes[1] is open for writing. The output of filedes[1] is the input for filedes[0].
popen and pclose :
A common operation is to create a pipe to another process, to either read its output or send it input, the standard I/O library has historically provided the popen and pclose functions.
#include <stdio.h> 
FILE *popen (const char *cmdstring, const char *type);
Returns: file pointer if OK, NULL on error.
int pclose(FILE *fp); 
Returns: termination status of cmdstring, or -1 on error
             The function popen does a fork and exec to execute the cmdstring, and returns a                 standard I/O file pointer. If type is "r", the file pointer is connected to the standard output of cmdstring.If type is "w", the file pointer is connected to the standard input of cmdstring.The pclose function closes the standard I/O stream, waits for the command to  terminate, and returns the termination status of the shell.  
FIFOs:
FIFOs are sometimes called named pipes. Pipes can be used only between related processes when a common ancestor has created the pipe. With FIFOs, unrelated processes can exchange data.
Creating a FIFO is similar to creating a file. 
#include <sys/ stat.h> 
int mkfifo( const char *pathname, mode_t mode); 
Returns: 0 if OK,-1 on error.
Uses for FIFOs:
· FIFOs are used by shell commands to pass data from one shell pipeline to another without creating intermediate temporary files.
· FIFOs are used in client-server applications to pass data between the clients and the servers.
Message Queues:
A message queue is a linked list of messages stored within the kernel and identified by a message queue identifier. We'll call the message queue just a queue and its identifier a queue ID.A new queue is created or an existing queue opened by msgget. New messages are added to the end of a queue by msgsnd. Every message has a positive long integer type field, a non-negative length, and the actual data bytes all of which are specified to msgsnd when the message is added to a queue.
             msglen_t msg_qbytes Messages are fetched from a queue by msgrcv. 
      Each queue has the following msqid_ds structure associated with it:
struct msqid_ds 
{ 
struct ipc_perm msg_perm;
msgqnum_t msg_qnum;
pid_t msg_lspid;
pid_t msg_lrpid;
time_t msg_stime; time_t msg_rtime;
} 
msgget  is used to either open an existing queue or create a new queue.
#include <sys/ msg.h>
 int msgget( key_t key, int flag);
Returns: message queue ID if OK,-1 on error.
On success, msgget returns the non-negative queue ID. This value is then used with the other three message queue functions.
· The msgctl function performs various operations on a queue.
#include <sys/msg.h> 
int msgctl(int msqid, int cmd, struct msqid_ds *buf );
Returns: 0 if OK,-1 on error.
· The cmd argument specifies the command to be performed on the queue specified by msqid.
· IPC_STAT   --- Fetch the msqid_ds structure for this queue, storing it in the structure pointed to by buf.
· IPC_SET ---- Copy the following fields from the structure pointed to by buf to the msqid_ds structure associated with this queue: msg_perm.uid, msg_perm.gid, msg_perm.mode, and msg_qbytes. 
· IPC_RMID ---- Remove the message queue from the system and any data still on the queue. This removal is immediate.
      Data is placed onto a message queue by calling msgsnd.
#include <sys/msg.h> 
int msgsnd(int msqid, const void *ptr, size_t nbytes, int flag);
Returns: 0 if OK, -1 on error.
· When msgsnd returns successfully, the msqid_ds structure associated with the message queue is updated to indicate the process ID that made the call (msg_lspid), the time that the call was made (msg_stime), and that one more message is on the queue (msg_qnum).
· Messages are retrieved from a queue by msgrcv.
· #include <sys/msg.h> 
· ssize_t msgrcv(int msqid, void *ptr, size_t nbytes , long type, int flag); 
· Returns: size of data portion of message if OK, -1 on error.
· When msgrcv succeeds, the kernel updates the msqid_ds structure associated with the message queue to indicate the caller's process ID (msg_lrpid), the time of the call (msg_rtime), and that one less message is on the queue (msg_qnum).
Semaphores:
· A semaphore is a counter used to provide access to a shared data object for multiple processes.
· To obtain a shared resource, a process needs to do the following:
1.Test the semaphore that controls the resource.
2.If the value of the semaphore is positive, the process can use the resource. In this case, the process decrements the semaphore value by 1, indicating that it has used one unit of the resource.
3.If the value of the semaphore is 0, the process goes to sleep until the semaphore value is greater than 0. When the process wakes up, it returns to step 1.
· The kernel maintains a semid_ds structure for each semaphore set:
struct semid_ds { 
struct ipc_perm sem_perm; 
 unsigned short sem_nsems; 
 time_t sem_otime; 
time_t sem_ctime;. . . 
}; 
· The first function to call is semget to obtain a semaphore ID.
#include <sys/ sem.h>
 int semget(key_t key, int nsems, int flag); 
Returns: semaphore ID if OK, -1 on error.
· The number of semaphores in the set is nsems. If a new set is being created (typically in the server), we must specify nsems. If we are referencing an existing set (a client), we can specify nsems as 0.
Shared Memory:
shmatt_t shm_nattch; 
· Shared memory allows two or more processes to share a given region of memory. This is the fastest form of IPC, because the data does not need to be copied between the client and the server.
The kernel maintains a structure with at least the following members for each shared memory segment:
struct shmid_ds { 
struct ipc_perm shm_perm; 
size_t shm_segsz; 
pid_t shm_lpid; 
pid_t shm_cpid; 
time_t shm_atime; 
time_t shm_dtime; 
time_t shm_ctime;
} 
· The first function called is usually shmget, to obtain a shared memory identifier.
#include <sys/ shm.h>
 int shmget(key_t key, size_t size, int flag); 
Returns: shared memory ID if OK, -1 on error.
· The shmctl function is the catchall for various shared memory operations.
#include <sys/shm.h> 
int shmctl(int shmid, int cmd, struct shmid_ds *buf); 
Returns: 0 if OK, -1 on error. 
Applications of IPC
  Client Server Properties:
         Let's detail some of the properties of clients and servers that are affected by the various types of IPC used between them. The simplest type of relationship is to have the client fork and exec the desired server. Two half-duplex pipes can be created before the fork to allow data to be transferred in both directions. The server that is executed can be a set-user-ID program, giving it special privileges. Also, the server can determine the real identity of the client by looking at its real user ID. 
