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InterProcess Communication 
 

Unix Pipes  

Overview 

q  Communication between processes 

q  Pipe between two processes 

q  Redirecting stdin and stdout 
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Communication Between Processes 

different machines 

same machine 

Interprocess Communication 
q  Pipes 

q  Processes on the same machine 
q  One process spawns the other 
q  Used mostly for a pipeline of filters 

q  Sockets 
q  Processes on any machines 
q  Processes created independently 
q  Used for client/server communication (e.g., Web) 
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Preliminaries: 
 

File Descriptors and System I/O  
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Layers of Abstraction 

Disk 

Driver 

Storage 

File System 

disk blocks 

variable-length segments 

file system 

Operating"
System"

Stdio Library FILE * stream 

Appl Prog User"
process"

int fd 
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File System Calls!

•  Called just like a function 
  Essentially a “protected” function call 
  That transfers control to the OS and back 

File System 

creat, open, close, 
read, write, lseek 

Application 
OS 

User 
Process 
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Main UNIX System Calls for Files!
int open(char *pathname, int flags, mode_t mode); 

Open the file pathname and return a file descriptor"
int close(int fd); 

Close a file descriptor fd 
int read(int fd, void *buf, int count); 

Read up to count bytes from fd, into the buffer at buf ""

int write(int fd, void *buf, int count); 
Writes up to count bytes into fd, from the buffer at buf 
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Standard File Descriptors!
•  File descriptor 0 is stdin"
•  File descriptor 1 is stdout"

•  File descriptor 2 is stderr"

•  Automatically opened for each program"
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Example: UNIX read() System Call!
•  Reads data from an open file"

 
 int read(int fd, void *buf, int count); 

•  Arguments"
  File descriptor: integer descriptor returned by open()"
  Buffer: pointer to memory to store the bytes it reads"
  Count: maximum number of bytes to read 

•  Returns"
  Number of bytes read"

–  Value of 0 if nothing more to read"
–  Value of -1 if an error"

•  Performs a variety of checks"
  Whether file has been opened, whether reading is okay"
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Example: A Simple getchar()!
  #define MAX 1 
 

  int getchar() { 
  char buf[MAX]; 
  if (read(0, buf, MAX) == 1) 
     return buf[0]; 
  else return EOF; 
} 

Read one character from stdin 
  File descriptor 0 is stdin 
  1 is the number of bytes to read 

Read returns the number of bytes read  
  In this case, 1 byte means success 

Test Program 
q  Write a simple test program that uses read/write to read a 

string from the standard input and write it back to the 
standard output. 
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Back to Unix Pipes  

Pipes 

Pipe 
System “device” (buffer) 

q  Provide an interprocess communication channel 

q  Pipes enable ONE WAY communication 
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Example Use of Pipes 
q  We have used pipes many times in class: 

  
   ps –ef | grep mdamian 

 
 
 
 

  Output of ps becomes input for grep 

ps grep 

Creating a Pipe 
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Pipe between Parent and Child 

q  Parent creates a pipe, then forks a child 
q  Child inherits the file descriptor table (and so the pipe) 
q  Pipe is used between parent and child in one direction 

Parent 
fd[0] fd[1] 

pipe 
OS 

Child 
fd[0] fd[1] 

Pipe Example 

/* child */ 

/* parent */ 

Exercise: Starting with this example,  
write a simple test program for pipes. 

0 
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Dup2 
q  dup2 duplicates a file descriptor value 

q  As a result, fd2 will refer to the same file as fd 

dup2(fd, fd2); 

 File descriptor 
data    

Process file descriptor table before ... and after  dup2(fd, fd2) 

 File descriptor 
data    

0 
1 
2 ... 
fd2 null 

fd 

0 
1 
2 ... 
fd2 

fd 

Pipes and Stdio 

child process 

Read end of pipe takes role of stdin 

parent process 
Write end of pipe takes role of stdout 
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Pipes and Exec 

child process 

invokes a new program 

Exercise 
Write a program factorial that reads an integer from the 
command line and calculates its factorial 

bash$ factorial 50 
3041409320171337… 
 
 

q  Easy to code 1 * 2 * 3 * 4 * … *49 * 50 
•   But the product is much too large to fit in an int or a long 
•   Try the program bc (handles any size integers)  
    

   bash$ bc 
1*2*3*…*50 
3041409320171337…. 
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Solution Idea 
q  Use bc inside the factorial program 
q  Have standard input refer to the read end of a pipe 
q  Parent writes 1*2*3* … *50\n into the pipe 
q  Child reads, computes and writes result to stdout 
q  Use sprintf to turn the value of an integer x into a string 

(similar to printf): 
 
char buf[10]; 
sprintf(buf, “%d”, x); 

 

q  If x has the value 123, buf will contain string “123” 

Conclusion 
q  System calls for interprocess communication 

q  Pipe: create a pipe with a write end and a read end 

q  read/write: read from / write to a device identified by a 
file descriptor (an int) 

q  dup2: duplicate a file descriptor 


