
1

Concurrent Architectures:

UNIX Part #1

Alistair Rendell

2009 School Computer Science, Australian National University

UNIX

• Origins – The Multics Project
– MIT and GE

– Ken Thomson and Dennis Ritchie

– The C language

– PDP 11

• Features
– Hierarchical file system

– Compatible I/O (file, device & inter-process)

– Command language choice

– Portability

• Decendents
– Version 7, BSD 4.2, SystemV, Solaris, XINU, Minix, 

Linux

2009 School Computer Science, Australian National University



2

Unix Process Reproduction

• Unix process creation is by cloning
• Standard Unix C library contains function 
fork

• Typical usage: 
pid = fork();

• fork spawns a duplicate
– same memory, regs, PC

• fork returns
– 0 to child

– and to the parent
�PID (of child) if it works
�-1 if it fails
�never 0!
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Unix Processes: Overwriting

• Maybe another program is more suitable?
– Passing responsibility

– Many computations have quite different phases

– A child process may need to do a very different job

• Use exec family
exec(filname, args);

• Does following
– Memory is replaced by the image given in the 

executable file

– Registers initialized in the usual way for a program

– Parameters are passed as if the new program was 
called from the shell

– Only returns in case of a failure
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Exec Example
if (Fork()==0){

execp(“/usr/bin/grep”,

arg2(“grep”,keyword));

abort();

} else {

<rest of PARENT program>

}

• Questions
– what is the child?

– what is concurrent?

– why does grep appear twice?

– why might it abort?
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Process Requiem!

• Co-ordination can be a problem

– A child was spawned to do something in 

parallel (concurrently)

– At some point the parent must be sure it is 

complete

• The wait primitive solves it

– waits for termination of a (any) child

– returns the PID of the child that has died

– argument gives exit code for the child
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Example of Wait

if (Fork() == 0){

<Child’s task>

exit(0);

} else {

<Parent’s task>

wait (Codes);

}

• Concurrency?
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Unix Processes Dozing

• Why wait for time to pass?

– It may want to do something periodically

– It can make sure other processes get a chance

• The sleep primitive solves it

int sleep(int secs);

– The supplied argument is the duration (in 

seconds)

– May return early if woken up (by a signal)

– Results indicate sleep-time remaining

– Use of sleep(0)
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UNIX Shells

• Job control language
– Pre-Unix JCLs were proprietary and idiosyncratic

• Not part of Operating System
– But must reflect its facilities

– Can have a shell per user

• There are many common ones
– sh – Bourne shell

– csh – C shell

– ksh – Korn shell

– tcsh – Extended C-shell

– bash – Bourne-again shell
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UNIX Shells (2)
• Features of the Shell

– A virtual machine

– Has a language
�can invoke programs
�types, variables, control

– Can write programs

• Access to Unix’s hierarchical file system 
supported by cd, pwd, ls, etc

• Uniform I/O is supported by re-direction of 
stdin and stdout

ls –als > DIR

ls –als > /dev/null

ls –als | grep def
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UNIX Shells (3)

• Processes supported by shells
ps

emacs assignment1.adb &

ps –aux | grep u9876543

• Can write executable programs in shell 
code

– Usual termed a script

• Interpreted, not compiled

• First line of file indicates the appropriate 
interpreter
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C-Shell Scripts (Example)

• Example of shell script
#! /bin/csh

set filist = ‘cat $1’

foreach nam ( $filist )

if (-e $nam) then

cp $nam $2/$nam.bak

else

echo $nam “does not exist”

endif

end

• What does it do?

• What does $1 and $2 refer to?
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Command-Line Interpretation
• cmd arglist
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Fork()

wait(&status) exec(cmd arglist)

exit(status)
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Backgrounding a Command
• cmd1 args1 & cmd2 args2
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wait(&status)

exec(cmd1 args1)Fork()

exit(status)

exec(cmd2 args2)

exit(status)

?wait(&status)?

Fork()

(See Zombies in Lab7)

UNIX File Descriptors
• What are they?

– Non-negative integers denoting 
an open I/O channel

– They index the File Descriptor 
Table (FDT) associated with 
each current process

– The indexes (0,1,2,…etc.) are file 
descriptors

– The corresponding table entries 
mean something to the operating 
system!
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File Descriptors

• Three channels are standard
stdin file descriptor 0

stdout file descriptor 1

stderr file descriptor 2

• Initially
stdin keyboard

stdout current xterm window

stderr current xterm window

• FDT is preserved across exec

• FDT copied during fork
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Opening and Closing Files
• Opening a file

– first fee entry in the FDT is chosen

• Closing a file
– Entry in FDT is marked free

– Opposite to open!
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Redirecting I/O

• Redirecting for example stdout

– User cannot change FDT directly

– There is a primitive dup for this purpose
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UNIX Pipes

• Consider
ps –aux | grep 666

– ps writes to stdout

– grep reads from stdin

– I/O has been re-directed by the shell

– Shell doesn’t handle the characters

• Mental model of a pipe

– It’s a buffer for characters

– Handled by I/O sub-system of Unix

– May only be one-way (Solaris has two-way)
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UNIX Pipes Dependencies

• P2 will wait for production

• P1 will not wait for consumption

• There may also be buffering in P1

• The importance of timely flushing!

– what’s this mean?

• So what sort of communication primitive is 
a pipe?
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Running a Shell as a 
Subprocess

• Can have a shell to do a job

– Unix allows easy creation of subprocesses

– A subprocess can run a shell script

• An easy-to-code method

csh (cmd)

– cmd is shell code

– A process is created to run cmd

– Result is an input stream on which output of 
cmd is delivered
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Creating UNIX Pipes

• Opening a pipe
void pipe (int pipefd[2])

– pipefd[0] set to file descriptor of input end 

of pipe

– pipefd[1] set to file descriptor of output end 

of pipe

– The result

does not connect two processes!
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P

Connecting Two Processes by a Pipe

• Fork the process, 

but do it after 

opening a pipe

• Close unwanted 

descriptors
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Command line I/O Redirection
• cmd1 args1 > file
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wait(&status)

exec(cmd1 args1)

exit(status)

Fork()

open(file);
make it stdout

Command Line Pipes
• cmd1 | cmd2
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exec(cmd2 )

exit(status)

close pipe

Fork()

create pipe

redirect o/p

Fork()

wait(&status)

wait(&status)

exec(cmd1 )

exit(status)

redirect i/p

There is a mistake 

– what is it?
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Subprocess Pipelines

• Desired state

– make pipes (before forking)

– fork two times

– close pipes in parent

– each child closes descriptors that it won’t use

– each child does an exec if appropriate
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Producer Filter Consumer

parent

child child child

Sharing Pipes

• Pipes can be shared

• Integrity of messages
– Pipe is just a stream of chars

– No interleaving BUT care required with buffering

– Messages less than 2k
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Recall Slide from CDS-L3
int data_pipe [2], c, rc;

if (pipe (data_pipe)==-1){

perror (“no pipe“);exit(1);

}

if (fork () == 0) {

close (data_pipe [1]);

while ((rc = read 

(data_pipe [0],&c,1))>0){

putchar (c);

}

if (rc == -1) {

perror (“pipe broken“); 

close (data_pipe [0]);

exit (1);

}

close (data_pipe [0]); 

exit (0);

} else {

close (data_pipe [0]);

while ((c = getchar ()) > 0) {

if (write 

(data_pipe[1],&c,1)==-1){

perror (“pipe broken“);

close (data_pipe [1]); 

exit (1);

};

}

close (data_pipe [1]); 

pid = wait ();

}


