Threads



Threads

* Processes
— Created with fork()
— Expensive to create, manage, and context switch

 Threads

— “Light Weight Processes”
— Every process already has at least one!

* Threads are the “engine” inside a process.



Processes vs. Threads

Process 1 Process 1 Process 1 Process
\\ | | i
User y
space
Thread Thread
Kernel
space Kernel Kernel
(a) (b)

* (a): Three processes, one thread /process
* (b): One process, three threads



Processes vs. Threads

* Processes are identified by a unique PID.
— Threads are identified by a Thread ID (TID).
— Each thread in a process has a unique TID, not PID.

* Processes each have their own address space.

— Each thread in a process shares the same address
space. (Everyone has access to the same global
variables — race condition!)



Processes vs. Threads

* Processes have separate file descriptors.

— Threads within a process share file descriptors.

* Processes are created with fork(), duplicating
the entire process.

— Threads are created with pthread create(), which
starts the thread at the beginning of a function.



Threads are everywhere!

* Consider a variety of processes:

— Game:

— Browser:
— Office:

— SSH:

Diablo Ill, 1 process, 42 threads
Firefox, 1 process, 36 threads
PowerPoint, 1 process, 8 threads
PuTTY, 1 process, 4 threads

-~
Image Mame ser Mame CPU  Memory (... Threads 1/0 Read Bytes If0 Write Bytes IfQ Other Bytes  Description
Diablo IIT.exe =32 331,532 K 42 83,540,966 27,0496 30,285 Diablo III
firefox.exe *32 292,278 K 3G 10,178,812,348 11,992,350,919 4,494,454, 756 Firefox
POWERFPMT.EXE *32 22,876 K 8 374,407 026,632 64,590 Microsoft Office PowerPoi

putty.exe *32

1,878 K 4 27,900 0 20,922  55H, Telnet and Rlogin d



What are threads used for?

Four score and seven
years ago, our fathers
brought forth upon this
continent a new nation:
conceived in liberty,
and dedicated to the
proposition that all
men are created equal.

Now we are engaged
in a great civil war
testing  whether that

nation, or any nation
so conceived and so
dedicated, can long
endure. We are met on
a great battlefield of
that war.

We have come to
dedicate a portion of
that field as a final
resting place for thoss
who here gave their

lives that this nation
might live. 1t is
altogether fitting and
proper that we should
o this,

But, in a largersense,
we cannot dedicate, we
cannot consecrate we
cannot  hallow this
gound.  The bave
men, living and dead,

who struggled here
have consecrated it, far
above our poor power|
1o add or detract. The
world will little note,
nor long remember,
what we say here, but
it can never forget
whatthey did here.

1t is for us the living,
mther, to be dedicated

hewe to the unfinished
work which they who
fought here have thus
far so nobly advanced.
1t is mther for vs to be
here dedicated to the
great task remaining
before s, that from
these honored dead we
take increased devotion
to that cawse for which

they gave the last full
measure of devotion,
that we here highly
tesolve that these dead
shall not have died in
vain that this nation,
under God, shall have
a new birth of freedom
and that government of
the people by the
people, for the peaple
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Q: What if this is all done by one thread?



What are threads used for?

Web server process

Dispatcher thread

What would - »é? ' Worker thread
happen if RE

thIS were Web page cache
single-
threaded? Kernel
Network
connection
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Things commonly done in separate
threads...

* GUI

— If a blocking operation occurs on the GUI threads,
the GUI becomes unresponsive to user input.

* Networking 1/0O
e Disk I/O
— Long, blocking operations



Threads for computation...

* Each thread may run on a separate CPU.

— Allows for multiple CPUs (“cores”) to work
together to accomplish a task.

— Allows for a single server to handle multiple
simultaneous requests.

— Speedup: The factor that a process speeds up
when running on multiple cores.



Speedup

 Mathematically defined: T
S, =1
P ij"

— S,: Speed-up given P processors.

— T,: Time a given process takes torunon 1
processor.

— Tp: Time a given process takes to run on P
processors.

* |deal Speedup: S, =P



Speedup
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Real Results!

* MacBook Air (i’ cores) —_——
linux.ews (8 cores) =—€=— -

Number of threads



Speedup

Real Results!

MacBook Air (2 cores) mmbme -

linux.ews (8 cores) —6— |

Number of threads




Using Threads



Using Threads

 Making a traditional function call:

Calling program

Called function

processfd(); T processfd() {

—

@—— Thread of execution



e Launc

Calling program

process fd(); ?

Using Threads

ning a thread:

pthread_create();

processfd() {
—————————— >

Called function

!

—---» Thread creation

@e——> Thread of execution



Using Threads

e Just like normal function calls, each function
gets its own stack frame!

— 100 threads launch function foo(): 100 stack
frames



Using Threads

Per Process Items

Per Thread Items

Address space

Global variables

Open files

Child processes

Pending alarms

Signals and signal handlers
Accounting information

Program counter
Registers

Stack

State




Using Threads

Platform fork() pthread_create()
real user  sys real user sys
AMD 2.3 GHz Opteron (16 cpus) 12.5 1.0 125 1.2 0.2 1.3
AMD 2.4 GHz Opteron (8 cpus) 17.6 2.2 15.7 1.4 0.3 1.3
IBM 4.0 GHz POWERG6 (8 cpus) 95 06 8.8 16 01 04
IBM 1.9 GHz POWERS5 p5-575 (8 cpus) 64.2 30.7 27.6 1.7 0.6 1.1
IBM 1.5 GHz POWER4 (8 cpus) 04 48.6 47.2 1.0 1.5
INTEL 2.4 GHz Xeon (2 cpus) @ 1.5 20.8 0.7 0.9
INTEL 1.4 GHz Itanium?2 (4 cpus) 54.5 1.1 22.2 20 1.2 0.6

http://www.lInl.gov/computing/tutorials/pthreads.
Timings reflect 50,000 process/thread
Creations, were performed with the time utility, and units are in seconds, no optimization flags.



Creating a Thread

int pthread create (pthread t* tid, pthread attr t¥*
attr, void* (child main), void* arg);
 Spawn a new posix thread
* Parameters:
— tid:
* Unique thread identifier returned from call

— attr:
* Use NULL [for default values]

Copyright ©: University of lllinois CS 241
Staff



#include <pthread.h>
#include <stdio.h> Example #1

#include <stdlib.h>

void *snow(void *data)

{
printf ("Let it snow ... %s\n", data);
return NULL;

}

int main(int argc, char *argv([])

{
pthread t mythread;
int result;
char *data = "Let it snow.";
result = pthread create(&mythread, NULL, snow, data);
printf ("pthread create() returned $d\n", result);
return O;



Three ways to exit a process...

e A call to exit()
e The “main” function returns a value

e All threads complete executing



Waiting for Threads:
pthread join()

int pthread join(pthread t thread, void** retval);
e Suspend calling thread until target thread terminates

e Returns
— 0 on success
— Error code on failure

* Parameters
— thread:
* Target thread identifier

— retval:

* Thevalue passed to pthread exit () by the terminating thread is made
available in the location referenced by retval

Copyright ©: University of lllinois CS 241
Staff



#include <pthread.h>
#include <stdio.h> Example H2

#include <stdlib.h>

void *snow(void *data)

{
printf ("Let it snow ... %s\n", data);
return NULL;

}

int main(int argc, char *argv([])
{
pthread t mythread;
int result;
char *data = "Let it snow.";
result = pthread create(&mythread, NULL, snow, data);
printf ("pthread create() returned $d\n", result);
pthread join (mythread, NULL);
return O;



#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>

void *snow(void *data)

{

int snow = 4;

printf ("Let it snow ... %s\n", data);

return &snow;

}

int main(int argc, char *argv([])
{
pthread t mythread;
int result;
char *data = "Let it snow.";

Example #3

result = pthread create(&mythread, NULL, snow, data);

printf ("pthread create() returned $d\n", result);

void *ret;
pthread join (mythread, &ret);

printf ("return value: %d\n", *((int *)ret));

return 0;



#include <pthread.h>
#include <stdio.h> Example H4

#include <stdlib.h>

void *snow(void *data)

{

printf ("Let it snow ... %s\n", data);
return &snow;

int main(int argc, char *argv][])
{
pthread t mythread;
int result;
char *data = "Let it snow.";
result = pthread create(&mythread, NULL, snow, data);
printf ("pthread create() returned %d\n", result);

void *ret;
pthread join (mythread, &ret);

printf ("return value: %d\n", *((int *)ret));

return 0;



Threads vs. Processes

Processes created with fork

Threads of a process

Ordinary function
calls

Get copies of all variables

Share global variables

Share global variables

Get new process IDs

Share the same process
ID but have unique
thread ID

Share the same
process ID (and
thread ID)

Must communicate explicitly,
e.g., use pipes or small integer
return value

May communicate with
return value or
carefully shared

May communicate
with return value
or shared variables

variables

Concurrent Concurrent Sequential
Kernel threads may be

May be executed ¥ .
executed Sequential

simultaneously

simultaneously




A few other calls...

e pthread_exit(): Exits the current thread.

* pthread_self(): Returns the TID of the current
thread.

* pthread_detatch(): Frees thread-related
memory without needing to join().

— Use either detatch() or join(), not both!



Orphans and Zombies



Orphan

e Often used in relation to a process, an
orphaned processes is one where the parent
has terminated by the child continues.

— Re-parented by the init process.
— Will have the PPID of 1.



Zombie

* A zombie process or zombie thread is a
thread who has terminated but needs to
return state information back to its parent.
— Done via wait() and waitpid() for processes.
— Done via pthread_join() for threads



