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What is a Thread?

read is defined as an inde
e operating system. But wh

Technically, a t

run as such by t

el n the UNI X environment a thread:
oExists within a process and uses the pr o
oHas its own independent flow of control
supports it
oMay share t
dependently
oDies 1 f the

he process resources with ot h:q
)

-paresbmptbcagssdmesar

eTO the software developer, the concept of a
program may best describe a thread.
eUnderstanding what a thread means knowing t
process is created by the operating system.
and program execution state, including:

oProcess I D, process group | D, wuser 1D, al

oEnvironment

oWorking directory.

oProgram instructions

oRegi sters

oStack

oHeap

oFile descriptors

oSignal actions

oShared | ibraries

ol npebpcess communication tools (such as m

memory) .
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User Address Space

Stack Pointer
Prgm. Counter
Registers

stack routinel warl()
wvar ()

text main{)
routinel ()
routine ()

Process ID

Group ID
ata User ID
heap

eThreads use and exist within these process

system and run as independent entities with
e A thread can possess an independent fl ow of
own:
oStack pointer
oRegi sters
oScheduling properties (such as policy or
oSet of pending and blocked signal s
oThread specific data.
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User Address Space
Thread 2 routine2 ()} warl
m var2
ward
Thread 1 routinel () warl
varz
mazrn{)
text routinel ()
routinez ()
arrayh
data arrayB
heap
e A process can have multiple threads, all of

which execute within t hethsraenaed eadd dprreosgsr asnp, a ctel
time multiple points of execution.

eBecause threads within the same process sha
oChanges made by one thread to shared sys!
by all other threads.
oTwo pointers having the same value point
oReading and writing to the same memo
synchronization by the programmer .

Pthreads Overview

What are Pthreads?

e Hi storically, hardware vendors have i mpl eme
i mpl ementations differed substantially fron
devel op portable threaded applications.

eln order to take full advantage of the capa
interface was required. For UNI X systems, t
1003.1c standard (1995). | mpl ement ati ons wh
threads, or Pthreads Most hartdware peoafdot s
APl ' s
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e Pt hreads are defined as a set of C | anguage
wi tpht haeallefmder /i ncl ude - ftihloeu gahn dt hae tthhriesa d ilbirk
another | il bwscary, such as

eThere are sever al drafts of the POSI X threa
number of a given I mplementation, because t
probl ems.

Pthreads Overview

Why Pthreads?

eThe primary motivation for using Pthreads i

e When compared to the cost of creating and

|l ess operating system over head. Managing th
processes.

For example, the foll owi nfgork@sulbe oud mpar asdt

pthreads_csedtreguti ne. Timings reflect 50,000

withimdweti | ity, and units are in seconds.
forki() pthread_crelate()

IBM Architecture
real user Sys real user | sys

3 MHz 604e 92 1422 . 166105) 28. [ 24.PB.P3
PUs/ node

MB Me mor

N|

PU/ node
B Memory

2
C
2
2 MHz POWER3 80./]053.1182./138.p43.[/4%.LB4
C
G
5

7 MHz POWER3173| 6123./8672) 198. p83.[7& .|/ 4
6 CPUs/ node
6 GB Memory

lm fork vs thread.txt

e Al'l threads within a pr oectehsrse asdh acroemntiuhnei csaatm e
efficient and i n mangr c@ases,C emmureirc dtoi ars.e

RPRFRPW| AAON|] O W

eThreaded applications offer potentitalr paeddd
applications in several ot her ways:
oOverl apping CPU work with I/ O: For exampl
performing a |l ong |/ O operation. While o
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compl ete, CPU intensive work can be perf
oPriortitméreahedul ing: tasks which are mor
or interrupt | ower priority tasks.
oAsynchronous event handling: tasks which
duration can be interl eaved. For exampl e,
requests and manage the arrival of new r
e Mu Hthir eaded applications will work on a uni
mul tiprocessor system, without recompiling.
eln a multiprocessor environment, the most i
of potenti al parallelism. This will be the

Pthreads Overview

Designing Threaded Programs

eln order for a program to take advantage of
i ndependent tasks which can execute concurrtr
interchanged, interleaved and/or overlapped
routine1 routine2 final routine
routine2 routine1 final routine
r2 r1 final routine
routine final routine
routine2
time I
eTasks that may be suitable for threading 1in
oBl ock for potentially |l ong waits
oUse many CPU cycl es
oMust respond to asynchronous events
oAre of | esser or greater importance than
oAre able to be performed in parallel wit!l
eBe careful i f your application uses |-i brar

safeness. When in doubsafassumel tharovemegt la

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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e Several common models for threaded progr ams

oManager /awosriknegrl:man enqaesrad gns heor k wioo ketriser

Typically, the manager handles all i nput
forms of the manager/ worker model are col
pool

oPi pelainassk i s broken into a series of su
but concurrently, by a different thread.
mo d e |

oPeesimilar to the manager/ worker model, I
participates in the work.

The Pthreads API

Pt hreads API i s defindd®9i5n stttaemdAMSI. / IUBE

e The
standard is not f-rietel pwsatc alndsald| érom t EEEWeb

e The subroutines which comprise the Pthreads
cl asses:

1. Thread mamhgemenst <c¢cl ass of f ucnrcetaitoinnsg ,wo
detaching, joining, etc. They include fui
scheduling etc.)

2. Mut exTehsee second cl ass of functions di

an abbreviation for "mutual exclusion". r
|l ocking and unl ocking mutexes. They
set or modify attributes associated with

3.ConditionTheartimiblcescl ass of functions add
t hat share a mutex. They are based upon |
includes functions to create, destroy, Ww:
Functions to set/ query condition variabl ¢

e Naming conventions: Al I dertthirfeiaedr_s i n the
Routine Prefix Functional Group
pt hread_ Threads themselves and mislcell an

pthread_at{fTrhread attributes objects

pt hread_mufMuxt exes

pt hread_ mulMuxtaetxt rattri butes objects.

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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pthread_cop@ondition variabl es

pt hread_cohGloantdtirt i on attri butes objec|ts

pthread_kepyThrepdci fic data keys

The concept of opaque objects pervades the
modi fy opaquhe wolpjagautes objects can be modi fi e

deal with opaque attributes.

eThe Pthreads APl contains over 60 subroutin
specifically, those which are most I ikely t
programmer .

e Thet hreaetmder file must be included in each
eThe current POSI X standard is defined only
wrappers around C function calls. Also, the

XLF Language Refi@&Mémsceé&orl oa@adtodd awimtem i af ioo me

e A number of excellent books about Pt hreads
Ref erseenccteison of this tutori al

Thread Management

Creating Threads

ama

j roi
cit

( p ses a single, defaul
y th

t
I programmer .

I ni i YE)r gouam com e
expli l'y created b e

Routi nes:

pthread_¢thdatad, attr,start _routine, arg)

e Thi s routine creates a new thread and makes

Wi tiaiimdi)nsi de a single process. Once created
eThe pthread_create subroutthirneeadgememtins 1T he n
this thread ID to perform various oper

the thread was successfully created.

e Thaet tprar ameter is used to set thread attribu
NULL for the default values Thread attri bu

Thetart irouttheeC routine that the thread wil

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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e A single argumshar mawaodgeli tp ansussetd bteo passed b
pointer cast of type void.

e The maxi mum number of threads that may be c

created,

-?Question: After a thread has been
ally on an SMP

the operating system...especi
Ans:wer

Thread Management

Terminating Thread Execution

.
—
>
D
—
D

are several ways in which a Pthread n
read returns from its starting roul
read mmatkhe sadasewlnad duttione hecovered bel
read is cancepltedeably crapae@ti meer (tnhorte ad
tire process is terminated due to

e Routines:

pthread(sxiat us)

eThis routine is used topekrpeladcaxobiy) eri t a t
thread has completed its work and is no | on
el mainf)ini shes before t he tphreaadds,ektith eh aost hcerre e
wi | | continue to execut e. Ot hermaiiag€)l ni sédyg sw
e The programmer may opstianwhl ghspecsfygradt as
any thread that may join the calling thread
e Cl eanpphretableaxcut) ne does not close fil es; a
remain open after the thread is terminated.

e Recommendatthiread _dUs ee)x i t frommlh() hreads. ..

Thread Management

Example: Pthread Creation and Termination

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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eThis simple exampl e oohdreeadrceredaietsi)be .t hEaeah st
"Hell o World!" message,ptanedadi.leeint () er mi nat es

Example Code - Pthread Creation and Termination

#include <pthread. h>
#include <stdio. h>
#define NUM_THREADS 5
void *PrintHello(void *threadid)
{
printf ("\ n%d: Hell o World!\n", threadid)

pthread_exit (NULL)
}
int

{

mai n()

in
fo

t
r

pthread_t

)
<

threads[ NUM_THREADS] ;

rc, t
(t=0;t NUM_THREADS; t ++) {
printf("Creating thread %d\n", t);
rc = pthread_create(&threads[t] NULL, PrintHell o, (voijpd *) t)
if (rc){
printf (" ERROR; return code from pthread_create() |is %d\n",
-l)e;xi ot (

}
}
pthread_exit (NULL);
}

Thread Management

Passing Arguments to Threads

e Thet hread_crmrecaut()ne permits the programmer to
routine. For cases where multiple arguments
creating a structure which contains al/|l of
i n pt heead_crrecati & ()ne.

e Al'l arguments must be passed by reference a

?Question: How can you safely pagsietecatmant ctn
st-aptand scheduling?
Ans-wer
eThree examples of argument passing to newly
Thread Argument Passing - Example 1
This code fragment demostrates how tp pass

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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- Source [ Output |

thread uses a unique data structure for eaf
remains intact throughout the prograpm.
int *taskids[ NUM_THREADS] ;
for(t=0;t < NUM_THREADS;t ++)
{

taskids[t] = (int *) malloc(sizeof (int));

*taskids[t] = t;

printf("Creating thread %d\n", t);

rc = pthread_create(&threads[t], NULL, PrintHell o,

(void *) taskids[t]);

}

Thread Argument P

assing - Example 2

This example shows how to setup/ pass| mul tij

struct thread_dat a

struct thread_dat af{
int thread_id
int sum
char *message

void *PrintHello(void *threadarg)
{
struct thread_data *my_dat a;
my _data = (struct thread_data *) threadarg;
taskid ->timyeddt ad,;
sum =->rsyund;at a
hel | o_ms g>me snsya gdea;t a
}
int main()
{
thread_data_array[t].thread_id = t;
thread_data_array[t].sum = sum;
thread_data_array[t]. message = messages[t];
rc = pthread_create(&threads[t], NULL, PrintHell o,
(void *) &thread_data_arrayl[t]);
}

thread_data_array[ NUM_THREADS] ;

Thread Argument P

assing-Example3 (Il ncorrect)

t hreads <can

This example performs argument passipg i ncot
modi fies the contents of the address| passe:q

access it

http:// www. | | nl
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for(t=0;t < NUM_THREADS; t ++)
{
printf("Creating thread %d\n", t);
rc = pthread_create(&threads[t], NULL, PrintHell o,

(void *) &t);

}

R Source [ Output |

Thread Management

Thread Identifiers

e Routines:

pthread(3$elf

pthread _(etquradadl1l, t hread?2)

e Thet hread_sedtit) ne returns the unique, system
e Theet hread_emoalt(ine compares two thread | Ds. I
ot her wizeeg oa vimdmue i s returned.

e Not e that for both of these routines, t he t
i nspected. Because thread | Ds are -epaouwé dob
not be used to compare two thread | Ds again

anot her value.

Thread Management

Joining Threads

e " JoOoin

i is one way to accomplish synchron
condit

ng
i on variables wil!/l be di scussed | ater

e Routines:

pthread(fbreadi d, status)

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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e Thret hread_jsoildtuti ne blocks théhcebhibhireagqdt hr e
terminates.

e The programmer is able to obtain the target
pthread,exiigathpeas amet er .

el t is impossible to join a detached thread

Thread Management

Detaching / Joining Threads

eWhen a thread is created, one of its attrib
means it can never be joined.

e Routines:

pt hread_ at(tat_tirn)i t

pthread_ attr s e(tatettra,cthesttaacthest at e)

pthread_attr _ge(tatettra,cchesttaacthest at e)

pthread_att(adeésdroy

pthread_de¢ethaelmdi d, st at us)

eTO explicitly create aatttlamraegademasr f{ad_rcdéedtee (0
routine is used. The typical 4 step process
1.Decl are a pthreadttartetad iditat et vapeabl e of t
2. lnitialize theptatéad_hutre_iwnwatr()abl e with
3.Set the attrlbuntieredaeLeatahg:detsdteaetcuh$tavtiet(h
4 When done, free | ibraryptrhesedrace s_dese doy!

e Thet hread_ddgtoathi)ne can be used to explicitly
as joinable. There Iis no converse routine.

eThe final draft of the POSI X standard speci
not all i mpl ementations may follow this.

e Recommendati ons:

ol f a thread requires joining, consider e:
portability as not all i mplementations m:
olf you know in advance that a thread will
creating it in a detached state. Some sy

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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Thread Management
Example: Pthread Joining
eThis example demonstrates how to "wai't for
Since not all current implementations of Pt
this example are explicitly created in a jo
[ - -
Example Code - Pthread Joining
#include <pthread. h>
#include <stdio. h>
#define NUM_THREADS
void *BusyWork(void *null)
{ . .
int i;
double result=0.0;
for (i=0; i < 1000000; i ++)
{
result = result + (double)random();
}
printf("result = %d\n",resul t);
pthread_exit((void *) 0);
}
void main()
pthread_t thread[ NUM_THREADS] ;
pthread_attr _t attr;
int rc, t, status;
/' * I nitialize and set thread detached attribute */
pthread_attr _init(&attr);
pthread_attr_setdetachstate(&attr, PTHREAD_CREATE_JOI NABLE) ;
for(t=0;t < NUM_THREADS;t ++)
{
printf("Creating thread %d\n", t);
rc = pthread_create(&thread[t], &attr, Busy Wor k, NULL) ;
if (rec)
{
printf("ERROR; return code from pthread_createf()
is %d\n", rc);
-l)exiot(
}
}
/' * Free attribute and wait for the other threads */
pthread_attr_destroy(&attr);
for(t=0;t < NUM_THREADS; t ++)
{
rc = pthread_join(thread[t], (void **)&status) ;
if (rc)
{
printf (" ERROR; return code from pthread_join()
is %d\n", rc);
-1)exiot(
}
printf("Completed join with thread %d status= %d\n" |t status)
}
pthread_exit(NULL);
}

http:// www. | | nl
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Mutex Variables

Overview

eMutex is an abbreviation for "mutual excl us

i mpl ementing thread synchronization and for

e A mutex variable acts |i ke a "l ock" pri

a mutex as used in Pthreads is that only on

time. Thus, even if several threads try to

thread can own that mutex until the owning

accessing protected dat a.

e MUt exes can be used to prevent "race" condi

transaction is shown bel ow:

Thread 1 Thread 2 Balance
Read balance: $(1000 $1000
Read balance: $(5Q0®0O0
Deposit $200 $1000
Deposit $200 $1000
Update balance [$1000+$%$200 $1200
Update balance |$120Q00+|$200
eln the above example, a mutex should be use
shared data resource.

eVery often the action performed by a thread

This is a safe way to ensure that when seve

the same as what it would be if only one th

bel ong to a "critical section”

e A typical sequence in the use of a mutex is
oCreate and initialize a mutex variable
oSeveral threads attempt to | ock the mut e:
oOnly one succeeds and that thread owns t|
oThe owner thread performs some set of acHi
oThe owner unlocks the mutex

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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oAnot her thread acquires the mutex and r e|
oFinally the mutex iIs destroyed
e When several threads compet e afnoruna | nouwctkea xn,g te
available with "trylock" instead of the "1lo
e When protecting shared dat a, it is the prog
needs to use a mutex does so. For exampl e,
uses a mutex, the data can stil/l be corrupt

Mutex Variables

Creating / Destroying Mutexes

e Routines:

pthread_mufexteritattr)

pthread_ mut e(xmuteesx)r oy

pthread muteXattr)init

pthread_mutexa(atrt rd)jestroy

eMutex variabl es mutshtrebe_,mdaedamedtwibthinhype a
al

can be used. There are two ways to initd.i i
l1.Statically, when it is declared. For exa
pthread_mutex_t mymutex = PTHREAD_MUTEX_|I NI Tl ALI Z

2.Dynami caldtyhreavd _tmht dxo@tiitn(e. Thi s met hod p:¢
object aattttrri but es,

The mutex is initially wunlocked.

e Thaet tobject is used to establish properties
pthread_mutietxatused (may be specified as NULL
defines three optional mut ex attributes:
oProtocol: Specifies the protocol used to
oPrioceiling: Specifies the priority ceil!.]
oProcsdhased: Specifies the process sharing
Note that not al/l I mpl ementati ons may provi

e Theet hread_mut ex atpitdh riemaidt (Mut exatt 0 udteishesy (adr e used

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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destroy mutex attribute objects respectivel

epthread_mutexsthesulrdy(be used to free a mutex o0

Mutex Variables

Locking / Unlocking Mutexes

e Routines:

pthread_ muti{extleadk

pthread_mut exmutreyd)ock

pthread_mut dxmutmixgck

Thet hread_mutexubdbdkn(e i s used by a t hruaaedk to a

variabl e. |l f the mutex is already | ock:

the mutex iIis unlocked.

epthread_mutexwiryll oak(t)empt to | ock a mut ex. Ho
routine will return i mmediately with a "bus

deadl ock condi-t nvessi as s$ntaaprowority

epthread_mut eWiulnl oclknh ock a mutex i f called by
required after a thread has completed its u
mutex for their work with the protected dat
ol f the mutex was already wunlocked
ol f the mutex is owned by another thread
?Question: When more than one thread is wait
the Il ock first after it is released?

Answer

Mutex Variables

Example: Using Mutexes

strates the use o
a i s made availab
fferent part of t

eThi s example pro [
dot product. The main da
Each thread work d

f
I
h

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt



POSI X Threads Programming 18 29

compl ete their computations, and then it pr

Example Code - Using Mutexes

#include <pthread. h>
#include <stdio. h>
#include <malloc. h>
/*
The following structure contains the necessary informati on
to allow the function "dotprod" to access its input data 4gnd
place its output into the structure. This structure is
unchanged from the sequential version.
*
typedef struct
{
doubl e *a;
doubl e * b
doubl e sum;
int vecl en;
} DOTDATA;
/' * Define globally accessible variables and a mutex */

#define NUMTHRDS 4
#define VECLEN 100
DOTDATA dotstr;
pthread_t call Thd[ NUMTHRDS] ;
pthread_mutex_t mutexsum,;

/*
The function dotprod is activated when the thread is creatjed.
Al 1l input to this routine is obtained from a structure
of type DOTDATA and all output from this function is writtlen into
this structure. The benefit of this approach is apparent flor the
mul-t hreaded program when a thread is created we pass a silngl e
argument to the actiyptedlfynthienargument
is a thread number Al | the other information required by the
function is accessed from the globally accessible structur|e.
*
void *dotprod(void *arg)
{

/| * Define and use |l ocal variables for convenience */

int i, start, end, of fset, Il en ;

doubl e mysum, * X, *y

of fset = (int)arg;

len = dotstr.vecl en;

start = offset*I| en;

end = start + | en;

Xx = dotstr. a;

y = dotstr.b;

/*

Perform the dot product and assign result

o the appropriate variable in the structure.

/

mysum = ;

for (i=start; i < end ; i ++)

{

mysum += (x[i] * y[i]);

}

/*

Lock a mutex prior to updating the value in the shared

structure, and wunlock it upon updating.

*
pthread_mutex_lock (&mutexsum);

dotstr.sum += mysum;

pthread_mutex_unlock (&mutexsum);

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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pthread_exit((void*) 0);
}
/*
The main program creates threads which do all the work and
print out result upon completion. Before creating the thrd
the input data is created. Since all threads update a shar
we need a mutex for mutual exclusion. The main thread need
al |l threads to complete, it waits for each one of the thrdg
a thread attribute value that allow the main thread to joi
threads it creates. Note also that we free up handl es wh g
no |l onger needed
*
void main (int argc, char *argv[])
{

int i

doubl e *a, *b;

int status;
pthread_attr _t attr;

/' * Assign storage and initialize values */

a = (double*) malloc (NUMTHRDS*VECLEN*sizeof (double));

b = (double*) malloc (NUMTHRDS*VECLEN*sizeof (double));

for (i=0; i < VECLEN*NUMTHRDS; i ++)

{

al[i]=1;
bli]=alil];

}

dotstr.veclen = VECLEN;

dotstr.a = a;

dotstr.b = b;

dotstr.sum=0;
pthread_mutex_init(&mutexsum, NULL) ;

/' * Create threads to perform the dotproduct *
pthread_attr _init(&attr);
pthread_attr_setdetachstate(&attr, PTHREAD_CREATE_JOI NAB

for (i =0;1i < NUMTHRDS; i ++)
{
/*
Each thread works on a different set of data.
The offset is specified by "i' The size of
the data for each thread is indicated by VECLEN.
*
pthread_create( &call Thd[i], &attr, dotprod, (void
}
pthread_attr_destroy(&attr);
/'* Wait on the other threads */
for (i=0;1i < NUMTHRDS; i ++)
{
pthread_join( call Thd[i], (void **)&status) ;
}

/* After joining, print out the results and cleanup */

printf ("Sum = %f \n", dotstr.sum);

free (a);

free (b);
pthread_mutex_destroy(&mutexsum) ;
pthread_exit (NULL);

}
WSer ial version
WPthreads ver sion

9

L E)
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Condition Variables

Overview

e Condition variables provide yet another way
synchronization by controlling thread acces
synchronize based upon the actual value of
e Without condition variables, the programmer
(possibly in a critical section), to cl
since the thread would be continuously busy
achieve the same goal without polling.

e A condition variable is always used in conj

A representative sequence for using condit]i

Main Thread
eDecl are and initialize gl obal dat a/ vari a
"count ")
eDeclare and initialize a condition vari a
eDecl are and initialize an associ atled mut
eCreate threads A and B to do work
Thread A Thread B
e Do work up to tHe ePmi mtorwkher e a
certain conditiagnemwstk @acscswrci @4 eadh maug e x
"count" must redgch Chanmecitfhiee d av aslgu e®)f t h
elLock associated|muttédrata-Adirseaeakt i nfjg upon
value of a gl obgl e\Wéreickblveml ue o-A fhe gl o
e Cafgtlhread_contdowape|lf ¥ owmam ta vari abl e. | f it f
bl ocking wait fqr <iogmal i fomoMmsThhmaad Thr e
B. Note that a d¢alelUnt @ck mut ex.
pthread_conduwadmal)i oalolnyt i anruce
atomically unloqks the associated
mutex variable 4o that it can be used
by TiBread
e When signalled, |wake up. Mutex 1is
automatically and atomically |1 ockeld.
eExplicitly unlog¢gk mut ex

eContinue

Main Thread

Join / Continue
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Condition Variables

Creating / Destroying Condition Variables

e Routines:

pt hread co(hadoncdciitti on, attr)

pthread condcaoadtitadoyn)

pt hread cond(aatttrr )i ni t

pthread condafattdeéstroy

eCondition variabl epthmuest ,cdoaaddte mbateldewi nhti
can be used. There are two ways to initiald@

l1.Statically, when it is declared. For exa

pthread_cond_t myconvar

PTHREAD_COND_I NI TI ALI ZE

2.Dynami caldtyhread tchnd diwtiit 6. The | D of the
i's returned to t heorailplairoagnetterre a dl hti ksr aneg |

condition variathttlre object attributes,

The
defined for conebihtaircerd, v awhii a&thl ead :| opwrso d ehses c o r
t hr
be specified as NULL to accept defaults).

optiodnelct is used to set condition var.i

eads in other processes. pfThreeaat taondmayre_to

Note that not all | mpl esnheanrteadt iaotntsr inbauyt ep.r o v i

e Thret hread _condaamtdhi eatd (ondattrrodédtmesg(lare used
destroy condition variable attribute object

epthread_cond sdrectudody(be used to free a conditio

Condition Variables

Waiting / Signalling on Condition Variables

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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Routines:
pt hread_co(nadondiitti on, mut e x)
pt hread_ ¢ on(dcosn dgintail o n)
pthread_cond(kbooddd¢caotn)
pthread_conkdlwack¢) the calliaogndihtsiea@d gunratli | t h
should bemutadXxsed owkiede and it wil.l aut omat i
Shoul d amustoeaxiuné mcki gnal has been received.
Thet hread_condr oiugtniahe) i s used to signal (or wi

on the condition

Vamiud lase .|

ol ct k esdh, anualtndd xabnea sctael |

f oot hread _condowaiitn e

to

compl et e.

Thethread_cond_broatidanse (s houbptdhriraed ucsoendi §irgmdie@)d

than one thread is in a blocking wait state
elt is a | ogtihoahd ecronob eiftymrpm(gdd ddd_icn.gd _wai t ()
Proper | ocking and unlocking of the associ a
routines. For exampl e:
eFailing to | ock pthreeamiut enxmaty®itd@iue ec alt |l INOJ
eFailing to unl ocpk ht dleed _muo it danaiygfratog § ad d lolwi g
pthread_condowatitofe to complete (it wild.l rer
Condition Variables
Example: Using Condition Variables
eThis simple example code demonstrates the u
main routine creates three threads. Two of
The third thread waits until the count wvar.i
Example Code - Using Condition Variables
#include <pthread. h>
#include <stdio. h>
#define NUM_THREADS 3
#define TCOUNT 10
#define COUNT_LIMIT 12
int count = 0;
int thread_ids[3] = {0,1,2}
pthread_mutex_t count_mut ex
http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt



9

n conditic

d reached.

mut ex\ n",

*
ond_wait
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pthread_coc
state
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read_ids][C
read_ids][ ]
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pthread_cond_t count_threshold_cv;
void *inc_count(void *idp)
{
int j,i;
double result=0.0;
int *my_id = idp;
for (i=0; i < TCOUNT; i ++) {
pthread_mutex_lock(&count _mutex);
count ++;
/*
Check the value of count and signal waiting thread wh¢g
reached Note that this occurs while mutex is locked.
*
if (count == COUNT_LIMIT) {
pthread_cond_signal (&count _threshold_cv);
printf("inc_count(): thread %d, count = %d Threshol
*my _id, count);
}
printf("inc_count(): thread %d, count = %d, wunlocking
*my _id, count) ;
pthread_mutex_unlock(&count_mutex);
/' * Do some work so threads can alternate on mutex | ocH
for (j=0; |j < 1000; j++)
result = result + (double)random();
}
pthread_exit (NULL);
}
void *watch_count (void *idp)
{
int *my_id = idp;
printf("Starting watch_count(): thread %d\n", *my_id);
/*
Lock mutex and wait for signal Note that the pthread_d
routine wild.l automatically and atomically unlock mut ex
Al so, note that if COUNT_LIMIT is reached before this rqg
the waiting thread, the |l oop willdl be skipped to prevent
from never returning.
*
pthread_mutex_lock(&count_mutex);
while (count < COUNT_LIMIT) {
pthread_cond_wait(&count _threshold_cv, &count_mutex);
printf("watch_count(): thread %d Condition signal
received.\n", *my_id);
}
pthread_mutex_unlock(&count _mutex);
pthread_exit (NULL) ;
}
void main()
{
int i, rc;
pthread_t threads][ 3];
hread_attr _t attr;
* Initialize mutex and condition variable objects */
pthread_mutex_init(&count_mutex, NULL) ;
thread_cond_init (&count_threshold_cv, NULL) ;
/*
For portability, explicitly create threads in a joinabl g
so that they can be joined | ater
*
pthread_attr _init(&attr);
pthread_attr_setdetachstate(&attr, PTHREAD_CREATE_JOI NABU
pthread_create(&threads[O0], &attr, inc_count, (void *)&tH
pthread_create(&threads|[ 1], &attr, inc_count, (void *) &tHh
pthread_create(&threads[ 2], &attr, watch_count, (void *) &
/* Wait for all threads to complete */
for (i = 0; i < NUM_THREADS; i++) {
pthread_join(threads[i], NULL) ;
}
http:// www. | | nl gov/ computing/ tutor i a2l0s0/2w dr9k sil
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printf ("Main(): Waited on %d threads. Done. \ n", NUM_THREADS) ;
/* Clean up and exit =/

pthread_attr_destroy(&attr);
pthread_mutex_destroy(&count_mutex);

pthread_cond_destroy(&count _threshold_cv);

pthr )

ead_exit (NULL

LLNL Specific Information and Recommendations

This section describes details specific to LLI
| mpl ement ati ons:

e Al Il ASCI |l BM systems include I BM s Pthreads
the POSI X standard. This is the preferred i

eFor compatibility with earlier 1 mplementat:.
version of Pthreads.

Why Use Pthreads on the ASCI | BM Machines?

e The primary motivation for considering the
achieve optimum performance. | n-npareticul ar,
communications, there is a potential that p
fornoodhe data transfer instead.

el BM's MPI provides the MP_SHARED_MEMOR"

memor y-nbde B®RI communications. By default,
the /etc/environment file omoadé!l MRISCt o mmBMnN i
demonstrate serious performance degradati on

eEven with MP_ SHARED_ MEMOKRYMBletcommuUiyiecsdt i @m
with Pthreads:
o ASCI Blue (604e) shared memory MPI bandw
oASCI White (POWER3) shared memory MPI bai
oPt hreads worst <case: Every data referenc:
thread's "bandwidth" is€PUmbaaedwbdt hhe m:
604e: 1.3 GB/sec
POWER32:NH16 GB/ sec
oPt hreads best case: Data is | ocGHUto a t|
bandwi dt hs.

Mi xi ng MPI with Pthreads:

http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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e Programs that contain both
systems.

e When compiling such

e An example code that wuses

MP |

bot h

25

and

29

Pt hreads

hy-baied BMPIplcecmpi loars, c am

MPl-oahd, Pt hr

MP-bnl y awidt MPelads versions demonstrate one |
oSeri al
oPt hreads only
oMPI only
oMPI with pthreads
omakefile
Compiling:
eLiver more Computing maintains a number of <c
each. These arleC'dso cSuunpepnatreide o nGagnpel | er s
eThe more commeafeg, uBehre¢hdeaednabl ed | BM com
For more information see the man pageM (clic
compil er documentati on
Compiler I
Description
Command P
Xlc_r C- ANSI-ANShon
cc_r
x| C_r C+ +
xL B Fortruasnng | BM' s -pPotrhtraebddes) API |( non
x|l £90 r
mpxle_Tlc wit-hAMBI / non_ANSI
mpcc _r -
mpCC _r C++ with MPI
mp x It _ Fortran- wist mgMPIBM' s -pPotrhtraebd des) |AP I (n
mpxIl f9Of r
| BM | mpl ement ati on Notes:
eThe three mutex attributsdarepr arecolot pUIPEO
eThe psbaesd condition variable attribute is
e Al X versions differ in how pthreads ar
state. Since Al X 4.3 threads are created in
e Al X versions differ in the maxi mum number o
http://www. |l Il nl.gov/computing/tutor i a2l0s0/2w c0r9k slt
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Pthread Library Routines Reference

Pthread Functions

Thread Malpahpemadt creat e

pt hread_exi't
pt hread_j oi
pt hread_once
pt hread_kil!/
pt hread self
pt hread_ _equal
pthread_yield

pt hread _ detach
Thread Splptc¢ihffieadD&ty create

=]

o

pthread key del et e

pt hread get ecific

(7))
©

pt hread setspecific

Thread Calptéakrleatdi can

(@]
D

pthread cleanup_pop

pt hread cleanup_push

pthread setcancel state

pt hread_getcancel state

pt hread testcancel

Thread Sclpedhuleiamlg get schedpar am

pthread setschedparam

Signal s pt hread_ sigmask

Pthread Attribute Functions

Basic Manjpgémemtd attr 1init

pthread attr _destroy
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=3
=

Det achabl|pt ead attr setdetachstate

Joinabl e

pthread attr _getdetachstate
Specifyinpt8traeaki attr getstackaddr
I nf or mat ifomn :
pt hread attr _getstacksi ze
pt hread attr setstackaddr
pthread attr setstacksi ze
Thread Sclpethukiadgattr getschedparam
Attribut efs
pthread attr _setschedparam
pthread attr _getschedpolicy
pthread attr setschedpolicy
pt hread attr setinheritschegd
pthread attr _getinheritscheld
pthread attr _setscope
pthread attr _getscope

Mutex Functions

Mut ex Man|lpgdédmemtd mutex 1 nit

pt read mutex | ock

é

pthread mutex _ _destroy
h
h

pt read mutex unl ock

pt hread mutex tryl ock

Priority |[Mahagame mutex setprioceilinfg

pthread mutex_getprioceilinpg

Mutex Attribute Functions

Basic Manlpgdmemtd mutexattr 1init

pthread mutexattr destroy

Sharing pt hread mutexattr _getpshareld

—

pthread mutexattr _ setpshare(d

—

Protocol At hrielut ensit exattr getprotociol

—

pthread mutexattr setprotocjol
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Priority |[Mahagame mutexattr setpriocefling

pthread mutexattr_getpriocejling

Condition Variable Functions

Basic Manlpgédmemtd cond i nit

pthread cond _destroy

pthread cond_signal

pt hread cond_broadcast

pthread cond_wai't

pthread cond_ti medwai't

Condition Variable Attribute Functions

Basic Manlpgédmemtd condattr init

pt hread condattr _destroy

Sharing pt hread condattr _getpshared

pt hread condattr _setpshared

References and More Information

e "Pthreads Programming". B. Nichols et al. O
e " Threads Pri mer". B. Lewis and D. Berg. Pre
e "Programming With POSI X Threads". D. But enh
www. awl .com26@82392titles/ 0

e "Programming With Threads". S. Kl ei man et a
el BM Fortran Compiler Documentati on

wwwl. i bm. com/ software/ ad/ fortran

el BM C/ C++ Compil er Documentation

wwwl. i bm. com/ software/ ad/ cai x

http://www.lInl.gov/computing/tutorials/workshops/workshop/pthreads/MAIN.html
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