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What is a Process!?

A An instance of a program in execution
A The basic unit of protection

A A process is identified using its process ID
(PID)
A A process includes
I CPU context (registers)

I OS resources (address space, open files, etc.)

I Other information (PID, state, owner, etc.)



Process vs. Program
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Running a Process
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Running Multiple Processes
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Interleaving Multiple Processes
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Virtualizing the CPU
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Example

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

Int  main()
{
Int  pid ;
if ( pid = fork ()) ==0)
[* child */
printf s 2# EE| A
getppid (),
else
[* parent */
printft 5 2) Al
getpid (), p

I £\ At EO 1A
getpid ());
1At - U ABEI A E(
id );

D




Example Output

% ./ a.out
| am 31098. My child is 31099.
Child of 31098 is 31099.

% ./ a.out
Child of 31100 is 31101.
| am 31100. My child is 31101.




Process Hierarchy

A Parent-child relationship
I One process can create another

process $ catfilel | WC
I Unix calls the hierarchy a
“process group”
I Windows has no concept of @
process hierarchy

A Browsing a list of processes: @ @
1 ps in Unix

I Task Manager (taskmgr) in
Windows



Process Creation

A fork()

I Creates a new process cloning the parent process

A Parent inherits most of resources and privileges: open files, UID,
etc.

A Child also duplicates the parent’s address space
I Parent may either wait for the child to finish (using
wait() ), or it may continue in parallel

I Shells or GUIs use this system call internally

A exec()

I Replaces the current process image with a new program
I Windows: CreateProcess () =fork() + exec()
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Process Termination

A Normal exit (c)
A Error exit (voluntary)

A Fatal error (involuntary)

I Segmentation fault — illegal memory access
I Protection fault
I Exceed allocated resources, etc.

A Killed by another process (involuntary)
I By receiving a signal

A Zombie process: terminated, but not removed



Process APls

A exit()

I Caller process terminates its execution
I Return from main() is identical
I Parameter denotes whether this exit is normal (0) or error (1)

A kill()

I Send signal to a process

I Parameters are directives to go to sleep, to die, and other useful
imperatives

A wait()

I Wait for state changes in any child of the calling process
A Usually termination of a child
I Release resources associated with the terminated child

I waitpid () for a specific child
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Simplified Shell

int  main(void)
{
char cmdline [MAXLINE];
char * argv [MAXARGS];
pid t pid;
int status;

while ( getcmd( cmdline , sizeof (buf))>=0){
parsecmd(cmdline , argv);
if ! builtin_command (argv)){
if (( pid = fork ()) ==0) {
if ( execv(argv[0], argv)<0){

printtt 524 Ok AT I 1 AT Al ha@v[ep] OT A
exit(0);
}
}
waitpid (pid , &status, 0);
}
}




Process State Transitions
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Process State — Linux Example

jinkyu@jinkyu-linux: ~ — ssh — 97x26
[xfslogd] .
[f.,‘filgﬁ’ . Runnable
[jfsCommit] . :
3 fsCommit] . Sleeping
[jfsCommit] .
[jfsCommit] . TI'aCEd or
[jfsCommit]
[j#sCommit] Stopped
[jfsCommit] . . .
[ #sCommit] . Uninterruptible
[jfsSync]
[bioset] Sleep
[kworker/@:2] . .
[kworker/7:0] : Zombie
/usr/bin/python3 /usr/bin/update-manager --no-update --no-focus-on-map . . .
[kworker/2:2] . Highpriority task
[kworker/3:@] . . .
[kworker/u16:0] . Lowpriority task
/usr/sbin/cupsd -f .
/usr/lib/cups/notifier/dbus dbus:// . fSEEESESI()f] |E§Ei(i€3r
[kworker/ul6:2]
sshd: jinkyu [priv] . In the foreground
sshd: jinkyu@pts/1
29850 pts/1  Ss ~bash process group

29876 pts/1 R+ ps ax

jinkyu@jinkyu-linux:~$ - Multi-threaded
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Implementing Processes

A PCB (Process Control Block) or Process Descriptor

I Each PCB represents a process

I Contains all of the information about a process

A CPU registers

A PID, PPID, process group, priority, process state, signals
A CPU scheduling information

A Memory management information

A Accounting information

A File management information

A 1/O status information
A Credentials

I task _struct in Linux
A 3248 bytes as of Linux 3.2.0



Context Switch

A The act of switching CPU from one process to
another

A Administrative overhead
I Saving and restoring registers and memory maps
I Flushing and reloading the memory cache
I Updating various tables and lists, etc.
A The overhead depends on hardware support

I Multiple register sets in UltraSPARC

I Advanced memory management techniques may require
extra data to be switched with each context

A 100s or 1000s of switches/sec typically



Context Switch — Linux Example

A Linux example
Total 1,693,515,228 ticks = 4704 hours = 196 days
I Total 4,066,419,922 context switches
I Roughly 240 context switches / sec

jinkyu@iu: ~ — ssh — 95x45

Last logln Tue Aug 4 12:47:07 2015 from joonpc.skku.edu
jinkyu@iu:~$ cat /proc/stat

cpu 5159154 1103398 8349141 13529163678 27914394 3805 2369918 @ @ 0
cpu@ 1353322 404052 4420697 1661897834 23077358 3805 2358160 @ @ @
cpul 974080 178923 1550914 1691008077 3329672 @ 2816 @ @ 0

cpuZ 1244357 154334 1129280 1693855805 903476 @ 2401 @ @ 0

cpu3 1363574 147035 673483 1694640203 421698 @ 3047 @ 0 @

cpu4 52713 61869 40400 1697054773 32368 @ 1728 @ 0 @
Q00000000

ctxt 4066419922

btime 1425082282

processes 371949

procs_running 1

procs_blocked @

softirq 2660617427 @ 529040929 4359807 705251938 392418934 @ 110770 423082392 726165 605626492
jinkyu@iu:~$




Performing Context Switch

Kernel

handle the trap

call switch() routine
saveregqA) to PCB(A)
restoreregqB) from PCB(B)
switch to k-stack(B)
return-from-trap (into B)

Hardware

timer interrupt
saveregqA) to kstack(A)
move to kernel mode
jump to trap handler

restoreregqB) from kstack(B)
move to user mode
jump to B’ s |

F

Process

Process A

Process B




Process State Queues

A The OS maintains a collection of queues that
represent the state of all processes in the system

| Ready queue (or run queue)

I Wait queue(s): one queue for each type of event (device,
timer, message, ...)

A Each PCB is queued onto a state queue according
to its current state

I As a process changes state, its PCB is migrated between
the various queues



Process State Queues

O | scheduled
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fork()

int fork()

A Implementing fork()
I Creates and initializes a new PCB
I Creates and initializes a new address space

I Initializes the address space with a copy of the entire
contents of the address space of the parent

I Initializes the kernel resources to point to the resources
used by the parent (e.g. open files)

I Places the new PCB on the ready queue
I Returns the child’s PID to the parent, and zero to the child
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exec()

int execv(char* prog,char* argv(])

A Implementing exec()

" Wipe the process’ address space and release most of the
resources allocated to the process

Loads the new program “prog ” into the its address space
Initializes hardware context and “args ” for the new program

exec() does not create a new process
What does it mean for exec() to return?

A Variants

exec(): execl(), execle(), execlp(), execv(), and execvp()



Inter-Process Communication

A Cooperating processes need to communicate
with each other for
I Information sharing
I Computation speedup
I Modularity
I Convenience

A Two models of IPC

I Shared memory
I Message passing



IPC Models

A Message passing A Shared memory
process A process A
process B |—_> shared memory

process B
message queue
—> Mg | M4 Mo |M3| ... |Mp, <
kernel kernel




Policy vs. Mechanism

A Policy
I Whatshould be done!?

I Policy decisions must be made for all resource
allocation and scheduling problems

I e.g. What is the next process to run?

A Mechanism

I Howto do something!?
I The tool for implementing a set of policies
I e.g. How to make multiple processes run at once!?



Separating Policy from Mechanism

A A key principle in operating system design

A Policies are likely to change depending on
workloads and also across places or over time

A A general mechanism, separated from policy, is
more desirable

A Allows to build a more modular OS

A Enables extensible systems — User-specific
policies?



