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POSIX Standard: www.unix.org/version3/ieee std.html
"Pthreads Programming''. B. Nichols et al. O'Reilly and
Associates.

"Threads Primer'". B. Lewis and D. Berg. Prentice Hall
Programming With POSIX Threads". D. Butenhof. Addison
Wesley

www.awl.com/cseng/titles/0-201-63392-2

Pthreads tutorial , https://computing.linl.gov/tutorials/pthreads/
POSIX thread (pthread) libraries,
http://www.yolinux.com/TUTORIALS/LinuxTutorialPosixThrea
ds.html
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POSIX Standard: www.unix.org/version3/ieee std.html
"Pthreads Programming''. B. Nichols et al. O'Reilly and
Associates.

"Threads Primer'". B. Lewis and D. Berg. Prentice Hall
Programming With POSIX Threads". D. Butenhof. Addison
Wesley

www.awl.com/cseng/titles/0-201-63392-2

Pthreads tutorial , https://computing.linl.gov/tutorials/pthreads/
POSIX thread (pthread) libraries,
http://www.yolinux.com/TUTORIALS/LinuxTutorialPosixThrea
ds.html
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Ay g laad) B dna ) 5 AY) Do gadd) il gl 4y 48, e calids
s g siad bl claglas

.(stack) (wasall O

.(register) <dawall o
ol de o
Jadl s o

Laall oy &b | (lightweight process) 4da 4le hdl) o slhi Ulal
clleal) Gallad ope 2l dlia
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sLi) (a Jgud W patig apldd) o8 Y caj5e gl gl i ¥
sLi) (o b ya Aday £ el AalaN) (any (B Jadl) sl (0% B9 ccilblanl) ppaxiy
daad
i Jie 1.1

e 3l lgha culby dylera AS)d pa (gl g ue clalad 1Y)
Al (dlee M Jalo S Giai Wy algh Y AS A ae dllalad b el (o
Aalg Jale Jaall 38513 . (Aleadl) A0 JaN3 (Jasedll) ab Jaadl g Auleal) Apdts
Jalad) Aad ((agdll) aUaH) aal g Jad 3 Apadis Alaas A8 Ha) aa Jalass culd
cild Jlaad) (e dae Jaad) 383 1Y L (s AY) ol Aija sl Jaad) 34 o L
S ¢35 Jand Jlaall 3y cua Basmia hgd o) (Alee) ASpd pa Jalasi
L) gl g (3AN g Laal g 2B A Jeall (e A3 a gy Jale

AS ) Jalg ((PCB 4pdy) Waa Jalaii Laba 4S80 cilaglaa ardiud
S b Juall 0SS G ((BA) clagliy) dale JS e clagls 22
L) agulny (8 o jaad Al g cAuald) agliglis B 0 gdlid; (g A8
daad1 813 ) g AJL3-1 8131 1 2.1

Laaliyy Cranay cialy mllea 13 Lgals dlicd uall g jie S 1Y)
Aida Andi cgl b opadl) AT pllead) gty ol Sl (haid o s giag
Jar 130 5 ¢ A Il A o it o (A 5 ek A sl g
ol AL i Jua) A puud 31 34 A0S pokiucall g3 Lah Lo
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2 s
Gasd Alda 4l gie B g hgd o s giay el 3% Uy ¢l o
multi-) claled) sxic gf (multi-core) 315 smia Gaula o i Jad
e g3 qgula B cphid (e G Sa (dales) galiy Lidill SUied L (processors

Bl g B A S Ld% e ((dual-core) 3) i) AL
ai

-

cSﬁh\J@W@Sgﬁh&Qh\g@\dﬁA@Uﬁmg(1 /@

N G BAEN e By A B e Gl g 6) Qs e
345 4oy (58 BaV

¢ core2duo glaally cdual-core glaall o 41 8 L (2
¢ e sl o galind) 345 G
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u.\\..a ﬁjﬁi i)

¢ bl e .1
P Al Jasi L2
lale (sllai aa) g Jae 3855 ) (process) dxlaad)

SO Ll
Lgple (sllatd Acdi cdgl) B Jas (i) 30 A Alad) W
G e YIRS

¢ il Q&Jhn@g&lﬁjmghuﬁ
¢ Ada) 313 sall s ALY 313 sl a ggha amu b Liina 7 3 .4

by g9l 2
bgid cliligd casdll g 3y 43, gé bgdl) Qi (Al g e
da g8 XS ¢ addical) dau) g Sy La dilay (Jadal aldas dand g9 asdig )i
o 5 IS O B Juali olid) (Adma Aaa Al Adadd gy N o) oSas haged
£.55 08 (e Jlia sl

(user thread) paseed) o> 1.2
Abjpa (91 baaly dlaas Alandl pa (Laold) Jaddl) ol Jalaiy o
o bl e ds gana dolendl A LIS Laby lgd aa g A LI bagad)
Jalail) g Jadl) L) of (o cardioial) ad am hagaddl (e £ 5il) 138 Laal g g
Jalaty sgd Ay Jadal) Ul (La Y g (user level) addioal) s siua B Al dra
A gadl) Cpa daed) Lgn Al g aa) g Jad Lo A G Sl G99 claland) e
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b aedi Al cliSall A L clise dhul g asdiod) bl gadad ol
Gl L JS Agsal) oda g5 Gua ¢ POSIX Threads (Pthreads)aiiiuall
Jas o Baclua gl gt Yy Mgy plgdly ol (e hdll aa Jalaily
Jaindil) aUa3 (o £ ol 108 e Alma Aaa p ARl Bl ) (1909 (Jahdl Ui (e
Jaay Al dima Llee Jaay Lesie Y cdglaally 3o gall b gadl) pa Jalay ¥
o af s Gaal e Ldaal) JA0a Jad (of ey ¥ g gl (g Lay JSS Alanl
519 s LAd) A pgg Aoy (o0 A jna Ll . Jaad) o 5 a8 0 <3 a8 Ja gudll) lany
o gial)

aasiall Clgase Ao cndy A OpenMP addiual) bgd (e L
QLS 13gs dladia Baa g Lgd 380k A «(compiler directives)

‘& ll | IL
dalia |
wsead | C3) (1) (O
. | o J gl
‘w_"ﬂ.n.n..ql
-?LE { 3 gl 3l gl
A asglai dales dowdll Sadeia dulas

g hd do g giatBaal g JS cliles DG ) Ao :(1-5) a8, Jei
dogd EDE e éﬁﬁﬁh\;%&c:w\&s
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8 odt o 2.2

) ggd (JiR) alsi Aacd gy 5 putlia il aed ay Bd ) g e

At Tl B8 (Mg Bl Agan cplgd) g sLid) o bdd) aa Jaladl) 3ob iy

diieall Jady 4 jlia Le Lo g Uiy 81530 Jad Jany Vg (Jil) aUa5 L gy

Jari o L Aglaal) (B o AT Bgdl (e (la pad b ai 1Y) o8l

adai (3ol bagd s AN Jeddl) Al AN e gl Saay Al of g0

diCay Cua .Win32 4 & Lgdll acxi Aga dlliag @) Geaby Jaddl
.CreateThread() ,<¥\; kil ¢Li) 5 cwindows.h alaiic)

b g atiicuall B (oo sl ao (D ala lllia
3) ol

Bl> b o 3.2

O ot Bla A3l A hagall aggha guda AN Aaajd) clid gl (e
g sLAY AL Aga Lgly Aall g gia Ao hadl) aca b Al clall
o gaAl)

ki eLis) 1.3.2

Blawall badl) A &) e oS Wl B bdl elay A8k b
) aY) MWia . Uly 4%y 5353 5al) g (Thread)
class th extends Thread
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sy 1) th dial &by 058 Gua (Thread ciall )5 o dlisey
Al M LA A AN o3a crun aud A3 o th dial) g gisy il Cia
e Al o3 JA02 23 b i Le gt . Thread ciuall ¢ lalil )5 884

public void run(){
System.out.print(''Inside thread'):}

}
Mia cth ciuall (e LS (pddi Wany
th t1 = new th()
t L ALAES (S ] b Sl Ll maal ()
tl.start()
b)) b Alaad) oY Q) Alaal) B AU Jadd) ey t1 Jadl) rdgiik
i) ik o Bale g giat Agles (8B L iyl Jndl) ey aaly bl Lgaal
main & ab bl Ldeadl bl Jids Adedl B Glad Uaad oY) 03 caal g
JA (e Algdly hd pli) AdS pag e galbin g (1-5) galisd

.main

class th extends Thread{//
public void run(){
System.out.print(''Inside thread"):}

}

public static void main(String args| |){
th t1 = new th(); // b ¢l

tl.start(); // dl) Jubds
System.out.print("Inside main'');}

(1-5) ¢ gabix

76



s Ak A cdad) ?M\QAMG@\&,\@U& i)
s il g AL

w0

(50 51) o (5) o Aandl) Jiln AN asY) dolidal dila (i)
3)
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Tong g 53 o dais
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b as Jolad! 2.3.2

rdia Al aa Jalasll (JI59) @ob Bla Ay

Resume() <YL 4uili 5 pe alidd (e Jadll i o3| Suspend()
B e Jangl 3 gay Bataa dla) 3 il el () i g
Lgiladil say g A

Sleep()

suspend() YL 4dd g8 any 405 5 e il Jidi | Resume()

Alddd (e Vg e kol maay dua o(4li) ki) o lgd)

Sto
Al 5 e PO

ibigad A 3 sl Lad ciluuny a5 g canl) by Jiuds Ay )
criadl gaa Juala (g gloy Alulead) B sl Aad .93 £ladl) o) adiuly
(1) b AU 2l Js¥ aall cra IS ¢ il

Threads il aa Jalaill dalal) dapall dd Lo ga gl sl EI
Start, Suspend, Resume , 1 gal 2 Jaladi Al J) gall (an g
.Stop)
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Casiie lak lila 3 Ldll ey 4 .6

L1 oY 3.3.2

ted (2-5) Jsal (ddnmy ol Lgde JEL el hdll

th Lall e ((1-5) gl & .new YL 4ilid) vio :(new) aa
t oY) aladia) sie s Ala

th t1 = new th();

Al 3 AL Aalua jaay start() ¥ :Runnable (3ii) Jid
U of Jsii L ((25) el ) t1 sl run() &gkl o siu g
.Runnable & t1 Jal

ashy ball o\< 1Y :(not Runnable) Jii ,£ 4 (blocked) jsaaa

sleep() s suspend() sledind a3 g (g A of J3a dleny
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L) o run() &bl Jos 439 13 e Bl o i(Dead) cua o

.stop()
sleep()
5|
suspend()
stant . —_—
s > | T s
stop() reswmme( )
) LD T TSy l

Jdll el :(2-5) A8 U
Yool @i s Bl Ja dias 8 oSly el Aa A caall G
(<) ¥ ol () ard) Ajilaia Aad a5 AN g cisAlive() A8kl aladialy
Bla 2 hagdll L 08 Aawgall Lyl ALY e <l clila
Gl

£

u:\\..a ﬁjﬁi i)

IS G Jlia sl ga £33 0S com (A @i bagdd gl o .1 || €
fes

Lolad Aad 8 ) o L) Aausa 5500y ) 2

Lblad) B hdl) aa Jaladll (Jsal) ) okl Y .3

Ldl) eVl an il 7 ) 4
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Context Switch &kl oy J sed! .3

¢ B Gaky (PCB) ewd cilily 4 4l J9 o) g uie

& 5 San) oY) Alaad) B 5asa sl hagaddl JS 5 . ST ol aal g dad b Ja Alead)
A ((3-5) Jsdl) daldd) Ay b J< 68 Ly ((PCB) 4ded) 45 4
OsSE Rl cilaglea 4 L5 A Al ) Lasl) Aa (e Joady Latie Lgardiey
8

(PC) gl ) e Saa Lgd Ly cilaualle

.(stack) dwssalie

il Adaad) 4y ae AjlEa anal) 5y bddl Ay of Ua Bad
ccillanll cy llaall Jgad ca dand 9 £ il (1983 Jagadd) G gellaal) Jgal

Leid ) pllaal) (e Adas 71 AL Al Ja gl o) cilileal) ¢ gullaal) JUESI)
LA e Ji0) gllaal) o) o Ua il mllaall 5 AT dulee JAY g (L2
context ) e Joail) of NI 1da LASEN Alad) 3dE Y A6 Lled)
Llaal) cilaglaa Bia (e Y JlEINY Al (Sl ‘;daj Ll g «(switching
Jadin i) (PCB) dslend) cilaglaa Jraniy ¢(lgda Jiilal)) Lila 538l (PCB)
(L) Jiiall) eltaal

haal) claglaa ¢ Ua Gdl o<1 cdagdd) c JEEN) B ddl jaY) Giaagg
Guiiaal) Gl od Al ALB Jaatu A AY) Al clagliag Biatu Y
Glly Jaeady Bial §dtual gadl o 8 B dl clly Jseady Bdal
cciblanl) g Jagai) o) (o B Jagadl) G Jasadl (e ntiay UM cdlanl)

81
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caddial lal) Ao g AT N Alee e Jaadl) B 5t Cral Malnyg

Y gllaall b (da)y pllaa qula) mlled) Lalaf Luady)
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Giaa ) Alee cialial LSy ddle Aoy cillend) oda (e Jii
A Alee (Rl 2 gal Al (Aallaal) i) Jaddl HUES oy
Jidy llaal) o addienall gay Laly Y ghiia gllaall iy 1398 4 Lgilsa

(plgal) 2aa) laa Glalaal) (pa Jaxs

| @l || cly || @il
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[ [ o[ ]

Lol Lot Luatal

=

3 a0 dplal e

A Al Badethe dales
Aualil Any e ISl agd co AS ke 0985 Alaad) Ay 1(3-5) b S
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Agley aghy GG hd dllag cAlaad ida sy SLlS Galll i dalely hal)
(553 JS) ALY Laial)

JUIN) gkt ol caa)y ks Jary pasall jaa el S sl s
Bial) Jary Latic g cdods gl b Asall cllyl) J84 sgh aa Aaiaa )
Bdal) JaiG s g od JS g e A Al

=
Kernel

T Disk
bgd C e (58 pagal ) e el 1(4-5) ad) Jsd
g._..g.jj\ e.\.‘ 2.4
Lo Jlu s cCpadaaiall cldls o 330 4 (web server) cush asia didag
a0 dghy AN o cug pda Sl JS B sy gl ) clada e Geun
b Aaka o S gae qlhyy el 1 padd G S Jualy B gl sall (e
Adllls Al Qa9 Ara pglady Jualia JS1 Jd qugl) aadia ol Ud cdudi gl
¢ a9 hasiy Jary sl pada 0lS 5 Hika
daril salg bl LA (0 sSuw calg cly B asiall Vigs Jpee ddle Juail 1)
baaly A58y 5 Ay b JS o Uia i) 138 o JUIL) AV sl aal g csSlaad) £¥ A
O 1Y) AN asdiada Ja L ASEY (g g Aolu day Afard ATl Ale QB Juaad) b
48kl 03¢y Jary ariial)
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Gob Blal i (Thread) slawal) Ll 4 43,5 oo Ulad A kil
Jadl) aa Jalasll (JUA)

s 9 Jsaaa (M) Jud e d) ol bl JED s Saagl case
Sy Ji

claglee 4y 04855 (PCB) and clily 4 lee J9) ¢of Saaglh ciaiag
Atal) — (PC) gl 38 Jann Lgad Loy claall ¢ (pa Sl

caa) gl el A bdl cilelafiad (e BaslsS gagalll s Baagl e
5L g milial) da gl o ALl il thgd A o (e gualll )iaa g singg
(8 J8) ARLY Bial) dilany 268 Jud — 48550 JS& Bale) dilany a6k i —

S Gny avda Jlea JS (2 g Gua ol adda pigal Baagll ua e Gl
Justia g1 Bk LA Gusl piia ashy Cun (gl gall G 23 4h e )
Al A G g Az glady

il o Lt Jaad cililas Band (S g ccpal i) AN Bas gl (i

) il Aol B Tan Laga s s AY) Ll Wlaal S35 Y duay dgles

absial) b G Aol JSUia L cuaad Al AR (any Basg) b aad
cJginall Aalu gy cililanl) (am
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Slg ydl bl

(1) e
class HelloUser
{
public static void main (String args|])
{
String user;
user = Input.readString( );
System.out.println(''Hello " + user);
}
}
(2) w8
class FiveNumbers
{
public static void main (String args[])
{
System.out.println("'The numbers are: ");
for (int i=1; i<=50; i++)
{
if (1%35 ==0)
System.out.print(i+ " '");
}
}
(3) w8

class TenNumbers

{

public static void main (String args|])

{

int large = number[0], largeIndex;
for(int i=1; i<=9; i++)
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if (number([i]>large)
{
large = number]i];
largelndex = i;
}
number [largeIndex] = number[0];
int number| | = new int[10];
int large, largeIndex=0;
System.out.println("'Enter ten numbers: ");
for (int i=0; i<=9; i++)

{
System.out.println(""Number " + i);
number[i]=Input.readInt( );
}
for (int k=0; k<=8; k++)
{
large = number[Kk];
for (int i= k+1; i<=9; i++)
{
if(number [i]>large)
{
large = number]i];
largelndex=i;
}
}
number|[largelndex] = number|[Kk];
number|[k] = large;
}

System.out.println(""The sorted array is: ");
for(int i=0; i<=9; i++)
System.out.printin(numberf(i]);

}
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Class FactNumbers

d
d

Public static long factorial(int n)

long fact=1;
if(n!=1) && (n !=0))
{
for(int i=2; i<= n; i++)
fact *=1i;
}

return fact;

public static void main(String args| |)

{

long num = factorial(5);
System.out.println(“factorial 5 = “ + num);

public static int fibonacci(int f)

{

int fib = 0;
if (f==1) [| (f==2))
fib =1;
else
fib = fibonacci(f — 1) + fibonacci(f — 2);
return fib;
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class th extends Thread{
public void run(){
System.out.print(''Inside thread'):}

}

public static void main(String args| ]){
th t1 = new th(); //Js B sl

th t2 = new th(); / S8 ld £l
tl.start(); // Jo¥) Jdl) Jds

t2.start( ); // A4 Jadl) Jads

t1. Suspend( ); // Jo¥) Judl) a8 g

t1. Resume (); // 4G 30 J&¥1 Jadl) S
t2. Suspend( ); // ALY Al Cid g

t1. Stop(); // J¥) ity )8

t2. Resume(); // 4l 3 ya AGN Bl Jsda
t2. Stop( ); / SN kAl Jid

System.out.print(''Inside main');}
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(thread) Juall <
Lalg By b algabaay ag ¢ Baaly Aleal prand A5 g4 kil
-(concurrently)

LILAY 513 gall
¥ aalgalae o3 qopula 8 hgdl) et o 5 giay mali p 1A% aie
po—hy Ladl g (A BBa 4uiicdgl B bl o AS AT sl ol mllaad) aodai
L Lagias Ji 1380 g ¢ Bl Jdi oAb o o) 5 lasd Jidiy
oAl G G Jaail) A puad 31 3) g 4dlS andionall gan

(user thread) aidicwall ol <
g Al 4B jea g0 Baaly A leas Lleall pa (L l8) i) ali Jalay S8
caalg by L hagAl ¢ de gana Aglen) 2435 LIAIS Laly dlgd 2o g 30 L0800
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POSIX Standard: www.unix.org/version3/ieee std.html
"Pthreads Programming''. B. Nichols et al. O'Reilly and
Associates.

"Threads Primer'". B. Lewis and D. Berg. Prentice Hall
Programming With POSIX Threads". D. Butenhof. Addison
Wesley

www.awl.com/cseng/titles/0-201-63392-2

Pthreads tutorial , https://computing.linl.gov/tutorials/pthreads/
POSIX thread (pthread) libraries,
http://www.yolinux.com/TUTORIALS/LinuxTutorialPosixThrea
ds.html
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Agile mal STy medd uula o g clS Y Al g e
O Y ol cusllaall sa galisl) o gdhy o 1) il o zoAall Ja ¢ usY) lad (gSaud

clleal) oda M Cuay Alas (o S (e 0 gSh el Creaa 1Y) (Sl
s Al asar peliiad ol B gLy cdgl (il B Adlida cilallaa
9 claglea e 43l B Le Jag 0488 gl clild) Ja ¢Jia daaual) il o s
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clleal) oda (o€ B .aalg cihy B Alee (e S BN (g3 il duals
&s Lglaia g (independent processes) gzl Lpdany oo Akl 4y 5) giall
wagaill ) e Jadl a g8 a8 i -(cooperative processes) gasl Lz
hilug) Jida daul gy dfgma 5o ) adiuly e ciSY (WinWord)
385 clblead) oda (i AN e clile J3b mialall 5G9 (media player)
coard) Lgudary o Al LSl g canl g iy B g 3 silly

= 3 (concurrent processes) Cldaadl (s giwa Ao Guay B (g3 53
-(concurrent threads) gl (5 gicua
cdgll & Lgma Jand ) clbeadly ALY S Y A A Al dled)
Jand AN gAY cllaally @Sl gl o i 1Y) A glata )65 Alanl) LA
g Nl Lgra
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Slkesdl O gy 1
o cclid) gy b &L of 4y gial) cililaad) caalia) 1Y) ¢Gaall (g e
Ogail 13 L) Lgudany g Gl o e Lgd 3D (LS ke S g3 ¢
.(synchronization) w3 4l g (& gadd 3\) clblaal) o Jlad) allaty
shared ) 4sjide <igaie Gk oo A cblall gu Juad)
ald Aaliad ol il .(message passing) Jiwd Jasy ol (variables
il 1Y yay ccllenll o) 3 BlAS pudagy (Biadyg cmliall g B Juad)
s AV clle) 48 5 o Wle (gl 5 Akl cilagy ccillaal) M-' Aales
Axdgia e il Wl ¢ g ) g Akl oda (uatl
t e culpad Band L g Lagd (yglal) A 5) gial) cillaal) zliad 3Ll
dandl) cth ) Aled) o ANa oa bt AT dles (e dadil dles ulbi o
cra Aales ctha 13 S g (e f A Aasdl) Lgda qulla ) Aleal) Uty
S B Adad) ol JBiu cqlall e Bl (e dlma daglra Jaddd ol
sl adda (e riaaial) qulba 13 o B SIA A Qe Al (e Lghial s da glaall
coglhall @hgall ardall Juyy ia U pieaiall ad Ugna bga i il
el o dda sy Lg g pubiaiall o siid
o WLl ol cililes Sae o 5 S B g Aaga apaiiy ellly 140N Aoy Baly
dleall o3a LSy 138 clgaa o Al clles LLAT B lee Gaud B .5 3 sl
o Aabgia b il 0 ety 288 (g AY) cililen) JUATH (g8 LLAN Jasil

‘dl.qc:\a,uud\ Glland) Wlaai Y ol 35 AT Al g (pa Ay Q1M dasaia
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) Anlbad) o) Liardiod 13) Sia LU o3 cliled 48y Juipipeline (
b Al Adeall Masa ¢y sSa ) Dleal) £ A o g 13 ccililes Oy
o) M e M L A Llaal Gad of 450D Adeall e Y Aal ola
sy
$1s|we
2l we g oo dal)l Jaal) clbgiae gaas ) ds L (oiides A a8
Gl agin alag (g sl) g cdy B adi lded) Glila cclals)
Glalf ae couad) Lle Jaail J6Y) Adadl cla i 400N Aded i)
(g
b Mia (Jard Y lpdn ge Jad o) cllell aBlad)l (e (s e
coa Al e Agdaila gl Balall ¢ ol jldaaly ddas a8l ¢ (Say Basmial) ailuigl
Oa Bkl Al 5 A Alee Ly o((buffer) ¢jla) Aia 5903 B Lgadgy
S Aend) it Lin .5 geall/ctgual iy 2 Slgad) ) Ll g ey SAY
zildl Jeg .(consumer) dlgice 4G dlel) iy (producer) giis
1Y) Jerd) oo llgionall g ¥ Cuny Lags Uliea @1 Joa Lo Jeal
By Jaad 08 g B GHAN ag 1Y dighad) o (B oA

Aa g pe o Cgall/ ol adala adalli B oy Lea ¢ AL cliby Jsmay

rlla (98 ¢ b cclilaad) G ¢ glail) £ o3 OAS L
A (el 5 e
L Lad Jlad) o
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B S g oy s s Bigsi) (on ) il Al gl i @
dary bdl) Jae alyg ((Static Variable) ¢Sa ey ad gl alig
Jardl oo bAl Gl jhia dall ) day Ladie g AL

Oldonl] ad el p& -1 1.1

(o Vg By ol (B Ales (gf Sy (Ul alai B) Jganall aghy 3
LEla s AT Ades Jang qllaall & Ll dis ) Alead) Cibgan Jaadl 138
Claglea Bis 2l dua (context switching) Jgad clllia s adhally)
(WRAT Al A Adeal) il gl Jaand alg b ganall Aulanl
?(Adas) Aaalizy Jaay Jodaall aglin e 48 e el gk ¥
B aey Lad of ((Gaag Ledie) cdy of B Cigiy 8 malind) o e 1
1Y) Al b Jaall 13 ey B (o jan b aa) \gb Cibg) AS AT (e Jdl
Aglatie cilles cana 3 sanal) dlead) cuils
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¢ ol pseie ale 1 || €@

¢ 4 glaiall dleal) g Atiiesall Aleal) cpm (38 e .2

¢ Lgd Lagd (0 glasil) 4 )) giall claland) gz Liasi 131 .3

¢ Laa La ¢y oy gt Lasd 40 glatial) cililent) Juati .4

(competition) &l 2

doas) pobicd 4 idia clily diglaial cllell o B gl g5
Jdoay Aaiil) ¢ sSin iyl o3¢ Jgmaghl Ak B asad GllUs o8 a1 1Y g
ahiadl & Jomash 1a Aapmia b il il Welea gl o L alile 2
clblall @ludl Eua (race condition) Glud s ey 48 ddall clibull
AS jdal) clilyd) dad i b
Aladind Gand) lpdny aa Juali LgiS) il clleal) o< 8 Ly
Sl dile Aol a5 Agles JS coliles Wl o Gl M (AS jidia 3 ) 5e
Vg Amldal) andioy e R Leghy Jua) o Legd A ((ASidall) daglhal
Gl 1 ey Aol e AV EoE Aa Uy AGA) Alaed e

.(process competition) <llaxl)
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Bl Siw 1.2

Aot JSLda Lggd Gaad 1) ALY Gy el b Led cu Al g 5ue
cJsiaal) A gy cilleal) (and adgiall j CilaSU
(file server) clilall addl) o Cila Joas AlSdia -

B Opaddineal) cilile JS (AT Al G cGuad g ASuE WA ¢ Gl )
gl A Laghn & fdia cile Juaad Oy Gladdiees by Gl 1Y . clilall aald
08 psiy 3 (i) (0 ) 0 Jlgn b il iy pikian S s cAul
A A L)y adldll Jed) cilal) o oty o Joael) JAa cAddad Jaandy Lagha
Aial) . L) cilal) B A i Bl addiol) aghy Ladis 5 . addieu S
s (56 i adlAd) B Adle A Baday ALY asdiied) a8y Ladie 43 A
cla e e @il ACdall oda .(overwrite) Vol adle Bia o3 asdicl
JAdkla

Al 0S8 o oy dalg iy B glides Jat Ladie 4 ga guaal)
IAT i S Lais oSy Vo gl Ade ol oo LRI by dgili
Jia A ¥ .(race condition) b AU 1 eww Al B clled)
Vo A e diadl clblend G (Bl
£ o5all Jaall alai Al<ia -

Esh b o Jary (dima o) ph hghd o Gaa aUA dlllia s 1Y)
gAY B mia) 13 Jaal Juee slayg b dajy b g8 aa)y aia dlllia (S
alhy Audi mBall Jaa g o g AL Juee dllia oS Audi cdgl Ay o)
¢ Giday ila oAl gl B miall Jaa qilh dleny cpe 8N B L gall

dllad La 138 5 of Jb xBa 392y Cpe UL cuald () £ 8 B A Aleal)
o (f b mia agag JLEAL Uald olidealld () £ AN B li L) dla)) L
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Jssaall ald cLEY) oda B (E B aa)g mBa dag and Ouiileall QLA Cla)
5 6 AY Llal) s le ol Gibleal) gaa) cibgy (Jaddl) aUal)
JHEA) L 3 a1 3 Wlee JaSia IS0 Adaad Cihgs b aay o caxial
Llaal) pgih . (Lgdgi Jb 1615 Aan gy canball i) gd) £ wda 25
L e alal) Saa aly 139 o Ji (e e g d) aadal) Gaay
& sidial) loal) A -

ol O & ida luald) 138 (LS g (e iy 7 gile ilua @lllia S 1Y
cdy B g cluall e Jlall (e e e (Plaad) iy ol (3i5 K6
polin Eua o idial) Qlual) o Cpiiles i Ua L ilida e B 0 aaly
saa) cdbgl 1Y) W8 c(dda 1500 ol A (k) el JLEAL Giled)
Golball il a5 AY) Aolenll @diiy e pad Jgtaall Al g Gilen
Alendl Gas olh a3y of amy dgis 1400 Y sa) GsSaw o(4da 100 D)
((4is 1500) spa )l JLSA) gag (ASNS B e AT sy g Jual gl Al
200 58 Asn 3 jal) aliall S 1Y) M) dmal (e pliall aadlp ) Mitug
dae oly U Alenl) o3a piaty (dia 1300) s& LEiial) sl ¢ sSamd chyia
A o (e iyl gy L

Basldl Al b Jpagl W S W) Ulay A Adklad daad)
Laa (el 35 ) Alada 8 5 guay ¢ jidial) ilaaad) o Joant 6] jal g ccilibyd
ab oda Jia Alia Ja .(race condition) Gbwd) Ul ey Uad 4o g
A idall clld) Juandy 285 Adma Aaad 8 Lk San) g Llee (o (1 asllly
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(critical section) i - ikl y (race condition) 3\ d\> 2.2
U pagily (ghad Ao oo e Lgaling Uipss Wl 30 JSLaa
A JUa) 3alia Lda 48y phg sled)
th dgles JS By coileas G o ida X pgitia Ll S 1Y)
(read x) x sial dad sl @ o

.(X=X+1) da) gy uidial) Z\.A,\é 83l o
(write x) saaal)l jaia) dad Bis o

psii ab iiall Aad Bel iy clilead) aaf Al Ladis jedii ACEA)
Baaal) Aadl) Biay AN Llaal) agii o JB pitial dad 8s 8 450 Llal)
Yoy 1aa) g e skl of Ooislend) B dny Algdl) Al () oSiaad . piial) b
2
Alee Alla cils 1Y) x el Jgagh e oAl Dlee ol adad ¢ g4 Jad)
odal) 13 andid
iaa)) Adhia) lgpewd Aged) B o idad e g Jalaii Y Adkia
Jaly da ol d8halall A 4S jidall paiall ddkia o ¢Siw .(critical section)
dahaiall JA)a M5 Baaly dles MR o e oSl o) g gld) Als ASEa
dleal) 7z 9 A 3 Y) da ) dihaial) ) JAall 450 ddenll ey Y LA sl
Agia AV
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¢ (process competition) 4udlially 3 gualall La .1 Q

flgiluaa A Lag ¢ (race condition) (ld) Uy 3 galall La .2
flgda aly S

2 G Ao JSa Wb iaad 3 AR (e laalg o3 .3
cJgaall Ao gy cilleal) Gand ad giall

wﬁm\y\'*\‘}fw 3

g ol 33l ge Aaalill JSlial) Gamy A @kt Ua cou g e
saa Al o] LSRN aadiidg B sgadie JSLda g Ay sial) cilileal) B Giaad
TR el 3

reading and writing problemy LS\ g 81,8 USiw 1.3

e i cidly 8k oluall AShey g 5sal Jaad ASha b
e claglia o sl Lles Lady AlS Llee il sasld oyl
L paa gl (Olsh sy B A8 Y solia) A8 e Mia Bp) 8 el clily) sacld
wia jaa g wa )l e e ca lady del B bl 4 dl Glual dua )
AS alles (A ) b As B

OB e chus e el Dl clus GES il L5 x5 1Y
bl Al (e JiSL ) il Saeld e Bl AN & 5 U ASha 138 Cuany
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CilS 1Y AS il cllbyd) Ao Ades of i mawy ¥ 081y (B @b B
bl Juas B Adee iy 138 calilg oda Ao Jaad 4lis Ll clila
SN i) el A clle Lb Lay gAY clded) J8 b (S i)
Agles o dlanll 02 § )5 s

Al el (318 Al guusly J9) g0 Jha bl sl b alat b g
(exclusively) 4y \Sial 3 gy Lgaladind g ¢(lock records) Jawill Lgule (g jad
488 g5 craal Vigag ol sl o Al Llee 61 8 o W) Jgagh il s
-(consistency) bl

Gl Jga sl cpa AUis Alent ADE (A4S jida cililyl) 3asld cuils 1Y)
.(exclusive access) 4 \Sial 3y guay 4S jidial)
AU ¢ 8e) Al ACial Jalall aaf ey IAY) aladia) o)
The first readers-writers problem
Glilll Jaaslly s Al Ll oY mand ol Al ddee dlllia cils 1Y)
Y CSad el B Ades bl aa Jalafi A dglead) culls 1Y oSl (AS il
M5 el A alle o o ASidal allall Jspagh (g A 381 8 dles
Bl 8 dlas SliLA QJS,JYUJAL)I:\SS\ ilee HEJS;‘S%L‘:‘.H‘:"LGJJ*‘J 3l
il LSy 8el ) USCiw 2.1.3
The second readers-writers problem
oAl Bl d Al cely 1Y) cLEY 1Aa B el ) Al §LE a5 Al
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o3 oA o 3B (e gl 89 o(Lgedany ga Jani ¢ 35 A clilaal 7 gansa)
Llaad Ve 13) 9 A jidiall cililndl aladiind Leld culla Al 4U6SY Ales dland)
Gy Laa o388 5 Accald g dagl g 450G 50 B Adas Al a88 Jaadly 40K 3¢ Y
1y st Ldae e Gy Y (starvation) Jead) (e AUSY Lbee (laja b
@) Lsas ey Jandl o g a D e ST i YT UEY) Cha clag
GoSi Y Aa Bel AN clles BN Lady dglgay ey M AU clle ¢

s Llee clilia

i LS g 8e) ) USCiw 3.1.3

The third readers-writers problem

allee o AUSH alles Glaja B il I ALY 5 5p) AN A<
Lo Y Ay U B A Adee Qg lola sl a8 5e) A

aliles ¢ Bl AN cllas Glaja b i AN LSl g o) AN AlSda
B Al gl La i Jg) ie Jeall Ly ey LAY il AU Laaie ALY
Bl AN clles (98 clilball J gua gl Jiliad Lol L) cldes AU

Aia) b s g 1Y) lilnll Jguagl) lsia) adey 4) JsBd sla GIEY Jal)
Allia cuils 10b o jglati ¥ cililnll Lgaladiad B da) a8 ddee J<y Badaa
s 1Y Llae gy o lsial) 13n o o Lgadad L jlSial @il addied dles
Aglaall 5 8l 3_jidl)
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(producer-consumer) gl y mll USew 2.3

bounded-) 3gaaall LAl Uiia oo Ulal ellgiiuall g el A<

A gzl AN Adeadl GlSJM l.ula Oladding Glisles LAl (98 Ua . (buffer

Loy Lagh (hatil Cyilandl oy . Ade cilibndl gAY Llea) 3205 Ly iy

Jslad ¥y (liae 08 13 QJAN b clily ads o) Aladl Jolad ¥ cusy
A8 oS 13 AN e iy 1 A Llad

i S
- n

Sl

llgianal g giial) :(1-6) o JSi

w.é:ml\) &‘&l\ WS iis J-?' 1.2.3

Gl Jlaa) oo gl o pild) Al Jlaly AShal sda da (e
Bl e dlighianl) Llas agd oA £y Ladis g (sleep) Liliea ols )Y ¢yl
1Y) (sleep) cllgiceall dales (@8 g% Lgudi A8y jlally .oy LAY Al & fad iall
381 3 Tl BlEL o gk (oAU lily miial jdasy Lavie g ol b (580 ol
¢ (semaphore) Jgdlased) aladiuly Jall 134 (Gadai (Say . (WY e il
-(inter-process communication) (pislaad) G JuaN) Ao aaley
G Y 35 Ja &

salall s count Jia Gua AISELU M ey (1-6) g=lisd
trb LaS Jamy gali ol 18 L AN Jhay item ial) 5 oo JLAIL Basa gall
AL A3y ¢ Y o e g b AN i Al idia
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if (count == BUFFER SIZE)
& o(sleep) plid cnlyy i Al Al ce il b g Lasaia L) oS 1Y)
i) il gauid fliaa pe AN S 1Y L cclighonall Aih gy ol Le cAlaad
PG QB jualie Laa)
putltemIntoBuffer(item)
t el LS 2al g count iy A
count = count + 1
t AL Y ol E 8 AN A i dlighaal)
if (count == 0)
e Oy i g (AN e clibd) B oo b s Lagana a1 s 1Y
Gl dlllia cols 13 W (@ il cliby sy Ladie) gilal) Alifgy ol La cAlaad
t AL QAN e B e JS paie 3L Ales dllgioall Jual gand ¢ AL
item = removeltemFromBuffer()
: 23U count Ll A
count = count — 1
(1-6) g=abiall
int count
procedure producer() {
while (true) {

item = produceltem()
if (count == BUFFER_SIZE) {

sleep()

}
putltemIntoBuffer(item)

count = count + 1
if (count ==1) {
wakeup(consumer)
}
}
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}

procedure consumer() {
while (true) {
if (count == 0) {
sleep()
}

item = removeltemFromBuffer()
count = count - 1
if (count == BUFFER_SIZE - 1) {

wakeup(producer)
}
consumeltem(item)
}
}
ol skl Ues gludy) daay (S 4dpal L gld) ) Uaghaw Ja) &

A g i

AN ((if (count == 0)) Jha o ssisy s2agd count dligiuall il e
.(sleep) alid

Ji Al Cid gl Jadil) aUal alf) dlablia cudi 4d) B Juay o) J@ 4iig e
.(sleep 4%

(1 ggins count Ciapal) @AY ) Tyds | jaie milell Ciadaia iy o

3a BN qulls ol Uiians Shaal el of Lagg cellgional) Bl miial) Jglay o
(H8p) Ala Build Y

sy of A (S s gy ((ABRY JB) (U LA B OIS dlgiua) N
psill A Ay Wtie Jamy lS Akl AT e Jual g s A B e Al
sb b (wakeup) BEN sl oY (Al e Bidu g o(sleep slesil)
(count=1 S L die zilall 4; al8)
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B BEY) ) o alay ¥ sgd) s A) B e Biiay oyl cllgiaal) cald e
(b
tioblay Ao QY ) Baaa palie jldaly dles 8 milall jaiuw @
if (count == BUFFER_SIZE)
O 1 8y g Al B e Al dlgiaad o ol Ul cl Wiy e
ey
SBilg gagl B AB e Alee Sy (B B ligSia ouidal) o Lag e
die b Lea o) L) 1308 opialli (PUBLOE ((diie g W) LBl o AY)
RUPORN I Y

(semaphore) _gilasd) aladinly JalR

3 osdlad) . psdlasdy e Lo pladia) LiSey AlSdal o Jia Jal
L) coilla  shlagal () S g ol JBIAN g p0 atilil Lagid a2t culs Aadle
cosblasall gL s ddasall JoAAl b9 5 kld Juai Ladie (gghy o) cuad
DosAl BoLE) Aud) Al gaokal)l o w13 ccad ddmdag cils )38
o) sstlasd) pdpand (oiphlB B Jaiag ¥ yas ASl) bR (Y (5] uadd)
Ay o(Jgiatia BAY) JA55 o (5 AT B Al pransy ¥ Gy 5BIAN Jgia 3y o
o) paad) g el 5Ll 13

Saing lagaa 1a) Jslasdl Jlay |pite adiicic Awdi aggdall
Alee a1y o .38 Adle 5 Al Aady (it Adle dad Jidi dua o((siadd
ostlasadl pida J313 Gsd Adle Jiad Al Aagdl auiu AS jida clily ol adiad
OF Larg Jslasadl i 48 il clbyd) aladiul ¢ Al Alee @i 13
OV AS i) i) aladiuly Lt e ¥ Ad) day 13g8 ¢ (3 0 Aldle
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alaie) 5 (A8 jidiall clilall Jga gl g ghlasedd) dulas ol uias Ladl
bl asdind Adee ol Jog . D) £l aY) Adead) A driag o
(epaid) o B £ siaa) (30 ) Jsilasdl gy it o AS ikl
ga) cal ) ¢ gilasedd) pag gl AS jidiall cliln) ¢a § A4S ¢ S
13 A ga ) shlasud) allaS B Apald aaf . (s AY) clleadl dalia bl
Y Jsash s Al Aglaad Sy 3B ¢ gilagudd) (b (358 Aad Alanl) iy
(Lsaa) Lid g ot o Aalenl) JaiS fAa ) gilased
emptyCount glawd g fillCount jsdlasud) addiciu (2-6) gblisdl A
L GLEAY) Ui Jaly JJEY) cldh Jalas cuial
lginall abing ¥) emptyCount glasad) giiadl (3l galidl Va2
sl midy Al B sl adg amy A0 o(Aaall oda B o WY Al
fillCount
sotlasad) 3l AN (e paie M dllgiual) &y LaaisfillCount Y duay ¢
oslasad) iy (AN e puaie 34T amy ol (Adaall) oy B Adadl) gilal) adaiey
emptyCount.
(2-6) b il
Semaphore fillCount=0
semaphore emptyCount = BUFFER_SIZE
procedure producer() {
while (true) {
item = produceltem()
down(emptyCount)

putltemIntoBuffer(item)
up(fillCount)

}
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}

procedure consumer() {
while (true) {
down(fillCount)
item = removeltemFromBuffer()
up(emptyCount)
consumeltem(item)

}
O 1Y ol Laal g leiag dal g gide LWl ols 1Y) aalia ) gdlasdd) Ja

race ) 4is gih B Jal 1 b dllgian o A o gile o S cllla

.(condition

o seie 48 L g ccllgionall 5 il A1k Jad Wla) Gals Laali s i)

cal g jaae o sl S sl e dae Plaidy Sl ¢l 51

(Dining philosophers problem) LS slie USCiw 3.3

2 Bamia clles A e B Le Ay (g B dad ACha A

¢ 33 ¢ W) s (Edsger Dijkstra) ) il alladl aef (1971 ale b A% Jia

Antias Ao il il g (5) Ao £ olE cliala (5) oo daady g g ccbleadl oy

slic 4<ia (Tony Hoare) ) sd g alladl lacd AL 5 iy Laayy A4S i

AL diguld g8 a9l G (lajally GUERY) Alaal (g BT Gl by ALY
L AY Al oo iy af Aad) B Baa) g AS s
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ASia) Gy pi 9
asiy o Cigudd JS o g 68t Mgl o ¢ geiday 480303 (5) lilia
Fad llingJsh Y 8813y Sy ¥ 081 L sk OSh o W) ccudl sl
S ASsd gl S Cpar o 0sS Guny O sald JS O AS5d sl
pidiey o o ANy (JOU (S pal) adiey o Cigedid JS glingg A8 gl o ey
AN g8 38T 1Y L(2-6) JSAD bl o lang Al o cpll) @S s
Sy iadl ASgd) o Sl agia ol abiioy of Baie syl agilS o
o OsS Ddd Gigulidl) o of B ia e ASgdl ) lite Gigald (S
i 30 gl B 20 i paadidl) g (ATS 9 o il D o gealydl) T

(deadlock) BLEA) iy Lea «((s i JUSIH) 118 5 (Al g
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Ob fhy ah el ASSsd ML Ciguld) Jea UG Ja oS
B T g ¢s el 4SS g i geulidl pday IS (5 A ol cAalia el S gl
AELDEY JS ald 1Y) Jads o8 AR k) oda L5 AT B e B SN amy A Baaaa Ada)
|ordasd ¢ el agilSed Jgaag Olf caaly cdy B gl agilsed
)bl o AR JSI Ay slocia Satna Ak 5 (g lilg ccs ) agilS s
Bua g omull agilSod grdaw A (el ) gang g Al B e g ) agilS sl
La ) Adglaall o2 (B (19,8 1 gl 1388 g oAy glocia Aia ) 3 43 ¢y g lailyg ¢(s A
Juanig) JSYI e ABO aaan ajan Y I LAl AEa g Al Y
.(starvation) ol ally sews La gf ¢(Aclaa

Jaia) Ml g A gt ABoSEl HUSTH ) b Jaay ASiall 038 Ja (S
BN Ga S B Jadlly By L 130 clan Um0 38 A glaia (585 L
Q13 Ay plial) il Y (Gl Gapeny SN Jaing ¥ Ja ) Aalay ¢85 Uikl o)
Labai Jia ¢gdd of Jlaia) S ¥ dabuas 35gal uai Lo dalaill) e dliln oY
Ay gsi) Joliall 4 e
Al A R

J8 i ulidl) a gty Cua ((semaphore) AU ) gilasw alad5uly o683 Ua
sl iy AS gl Bale) a5 c(ciad) jsilaged) (3B ASpd Lo Jguanl
Alma Apia) sl gl B JSh ¢ kdb aaly cigudd (843 A%k o3 ((348)
e G Glguld Al ()G o G idall (ped gl uad dllia ¢ Lay ol
Basl gl Adaall) B <Y
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5h JA i guudidl) Alla aii Lia
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(Assd o Jany ¢ wp) la o
LY ol e 813 8 el o gl i gl qliian ey
(Cigarette smokers problem) ylx.d! 35 Sin 4.3

o Cgdh e da e ol S 0 Gaaai ) (6 ) sl JSLda aa A

p AUS gy L1971
P WARNROLIPRSTC§ S EW I vy K PR g

.Tobacco g5 o

-paper 3,y ©

.match clii agc o

LS (g5 4gal GAae JS9 Algla g Gamlay Gpidae ADE dlllia ols 13
Ga Ol L) dlega (AL i aoly gedd dlliag B lasad) el ) e
Glliay Laa 5aa) g dakad CulN) VA (e da)g JS pudad (Ll pde DAY (puisaal)
JS damid ((3o5) abay Al qaba U sl 1Y e Alglall o 4igjha o
psid 3 jlasud) Jao QAN AL (e qullayg Baal g 8 e Jard A Le Lagla
Ol (S 13 S b lasad) Jaad Al G4 (¢ o<al) ABLG) o5 (A gal) A L ASL
Jadiy 2 (A gUally 352 gall Al Lgple cilyy A8l Al (G Cala Gl
BN paddl sty 4251 gl maal L de odie e Gl dgmy B lasud
b3a ) S Qg L Aluad) < gl S50 L pdie (el (e ) LAl
B pdilza AN a5 B jlaead) adeal Lad) g ¢ pala (A0 Al ¥ LBl (gl ghadl)
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CBgll B8 lasw (e S Jes 4 zoamal a guld iRy (0ANTy g AT plaal
sda JBiu Ay QU el cala oSy Al o ddy @ pds al 1 L Ad
Jary a9y af (Al QUL Gabia JaSy fa aa) Lpwaly o) g0 Aglal) o el gSal)
B _laal

By oadd 5 oddae ABU) A M ) B gl Al Sad Ada
Ay ) gl e aaly Y psieay (el psilasadl pladiuly g gada (LSRN
Wait aladiuly by pdial) JUEINY aladiud (Say JaBh ¢y 58 Jany
dadl

.mutexes § A jHlas aladioly Uil o2a Jai o

AL Sl Baal s A AUE) ¢ glasd) (pe A gluaa i pl @

T Aglall AU ) glass @

i i ay) dagdy Gaidaal) & jgllasn JS (0 @

o8] g Jay A glal) | gilass Ao Jaaly @
D oh Rl Ay M) Gadldl) § Rk ¢ sSia

while true{
wait(T)
choose smokers i and j nondeterministically
making the third smoker k
signal(A[K])
}
PRI CA) B 8k g
{ while true
wait(A[i])
make a cigarette
signal(T)
smoke the cigarette

}
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(Rendezvous) &' 5.3

sl ol ojile b LB ¢ ol @ B ol o ) g ade Gl
coJiiall aaa € (e Lias LagiSly can o aaly g8 pdan B Jedlly (3 o
toal aal sy of qld JS Ao La LAY Laaaal sy o Agraa Sl

Ade G AY) o adging )y olsa B L o) e

)y olsa B e AY) o gl Bl Gadl i o e
¢ sl P Jlata) 058 A R of oy il il ol La )3

Jad DAY Ladaal aay of aslilld U iy S 8303 o

SR o b A Allligh Laguaany oo U o 1,8 ) o

(Rt Lali o) Wil Laind Gy ¢ JAYI g B ¢ Laaaa] ) 313 o
(sleeping barber) W) 33 1is 6.3

a3 g ) g A Sl (Bla 4 B () glla Lnal ¢ L ) )

Bslal) S b Bl Gulaver G s & o1 1Y B a0 e
Bl sy A G sla 1Y Bl BaL adiad (5 Jeay Ladie callyg
Gy LSy - JUAY) S aal o B Gp) s I Gasl (Bla
3299 Os5 sa 1Y L JURY) e S e of ) U S B udana (05
LGt 8 jlie Agded 4l ghtia JUSSN) ud S

Jal
e ghlas G aaiius AUSEa) o3a Jal

Ol iU gl @

(Gan o (Jale) aili g Ja Gijal) Dlall jgilass
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Y &uay :(mutual exclusion) Jabiall aial (e sl 5 38ail ) ghlas @
cdalg cdy b ABANL Gueddl e
QIS Sy (mutex) ABal pwS Ao Jgand) Jglasw G55 sy Lals
3B o piiall LY a3 sy O gglball pany M el o mad s
$) g S o Jgand) Jolay) Jolined ¥) g (udasud ol SD 220 e 81 (S
(Al DAY i S gl YY) AB 2 B ]
sy AS AN S M (el Ml calaga GaS g3l 2ag )3
.(critical section)
gleadl mutex Jazay ABEY Bl A LA Juob G5l ashy
slad Yghda Ball S 1Y Ade Jsaall o 5ol (Dad ) ol
cCrsBiial) (e g b ABEY S ey JUED) b el JBaa . USINY 0L3)
o glawll jsilasd) Ao g CppBial) LU @ LA Juuppan Bl Ladis g
Ulal pawd M aaly Do Ao o giad UShall odd 5 e JS aaly ABAlL
pseudo-) 4viya <& L Led .(single sleeping barber problem)
o) 2sii B Lgisly (BLEAY) e LA i3l (Bl G ol S Gaie(code
(083 Qe
L silasadd) Lad i il Laa V g P aad

Semaphore Customers = 0
Semaphore Barber = 0
Semaphore accessSeats (mutex) =1

int NumberOfFreeSeats = N // & @l xlal se
r@al b Ll

while (true) { // 4l & J) <8
P (Customers) // ali ¢l e ¥ 13y o) Ao Joaad) Aglaa
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P(accessSeats) // A4aliall sclial) a3e Juaal &y ABldy o3 Aall) o2 B
NumberOfFreeSeats++ //§ & uia dllia mual il
V(Barber) //ibal jaud jala @l
V(accessSeats) // S @B&) 8N
/] oA @ oY B

(o5 il ) Al

while (true) { //4ia y& J <

P(accessSeats) // ia o Jgaal) Aglaa

if ( NumberOfFreeSeats > 0 ) { // §_& miadlllia o< )y
NumberOfFreeSeats-- // i o  ula)
V(Customers) // (s ) A s o (dal) Ll
V(accessSeats) // S @) A gl
P (Barber) // Ysida $al oS 13 i 43 (sl s ola o¥)
/] ABAY Ga G930 GSatia Lin

} else { // &b seliaangay
V(accessSeats) // xLld D<) ;a
/13 Gt Ge 3 i
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A g Bp) i) AlSa gl 1
Ayl S JShia (pe el SH L2
.(semaphore) _ gilad) Jas 3 S8 # 30 .3
¢ sblasdl i B Auald sl 4 L4
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Ao

algedy B Alee (e A8 LA adly g3 il o ggda Bangl cialag -

Lad glail 433 giall el Zliad 13l ¢Jipudl oo Ala) Basgl cuadd -

Ao g B3 = AT Aglee (a Aasi] Dles call ¢ i conbpud Baad € Ly

(Jaad) Sl Wy aa Jant ¢ clileall alall ¢pa (g8 38 — Lydil)

phgiall e CAlESU Aati JSliie Lo Gaand Al ABY) ey Sas gl Capu -

Uia — clila) adld o cile Joaad AlSa 1 Jganal) Abbugy clileal) (2anyd

Glaad) Ula e Alad JsLiiall 03 @ idial) lual) AlSiia — ¢ 5sal) jan Al

Bas g dules @llia o cpa 2SU ¢ g (Bled) Al AdSiia Jad g Ao jal) dakaial)

daal) dihid) LY Jedally AUl dlell mew Yy .4 sl ddkia) Ja)a Ms

Agie AN Llaal) 7 9 A 22 )

e Gl Al (Gl e Al JSLaal ey e Basgl i -

A ) gial) cillaal)

13 ALY g 5ol AN Al Jaladl aaf el jlSia¥) aladial o Bas gl culy -

48 jidal) clilull Jaagl cpe 4GUSH Alaad &y Mb (S jida clilyll 3acld cuils

A lsia) 5 ) guay

Lol 0l 1) elighoal) 5 gital) Sl quadia jgilasad) Ja ¢ Ban gl ciniay -

lgina o A8 of gite G A8 dUia ¢S 1Y) o8y o) g ellginag dal g ila

Bl Jla Alde il 8 Jal) 10 o

Gua aaa € Ja by AR plie AEA Ja e S Saagl cua e -

ol Ol dalia el ASglll J ¢ iy A ¢ pead) ASS g Lalily gl Jaay
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Loy ol Bagiaa Agla) BB BILg g el AiSed Cigudidl aday Sl oS
Gl Jaag LAY Jal) W Lol caw Le ) gas ARkl oda L5 sl
Ja i limas 058 8 Ayglude (58 Ll Juaia) Jlillyy i pds )
Gy oy ) wls = Sk — JSht g b i sulill Alla gy by Gl
s Y ol s 13 i gy o qla) i gaulil) iy Gy §( ASsd o
aladiuly AlChal) Jad ¢ jilad) dse AlShdl Ma Baagl cuae A -
— AL S Baalg A Ll @ giladl o Adghusa Gigpi = S gilas
~ e D) Aafy (uitaad @ flap JS b — T Algall A8 gilas
c3a) g Jay A glall ) gilas dad Jual g

Oial (s aal g Jlsy of ild JS e o ol oA Ui B Saa gl cidaa -
Gadlly oy o — Ao Gapw AV ¢ By caly olsa Bl of -
Ll g olsa B e AY) o ) sl

G gtlas — Al Dlal) ASkal o jgilase EDE Baagl Cuadh -
oslasu — (Jaw ol "dhle’ Al ga Ja ciadll) @Ball ghlasw — o ikl
chy B ABAl Gueddl maud ¥ duay Jial adad e aslilly (ganh

.dal g
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Jd 54.7)3\ 5 s ds

aseie (oo Aalud) claa gl 4o of el Ba Ll AL 00 saa ) b
6 siad Lo i) 50wk el S 48K e Juafilly Cai Caguny (el i oo sl
& AN e (bl odgd Gl Fiall Jgall i oS AS e Glily e
&l yuiiall s Mutex <) e o)adind 148 a6 bas gl a6 Cogan g Bland) s
Logal) o AS i) bl dleal Aok 30
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S WENE AT Y]

(1) o

// Very simple Threading example.

public class SimpleThread extends Thread ({
private int countDown = 5;

private static int threadCount = 0;
private int threadNumber = ++threadCount;
public SimpleThread() {
System.out.println("Making " + threadNumber) ;
}

public void run() {

while (true) {

System.out.println("Thread " +
threadNumber + " (" + countDown + ")");

if (--countDown == 0) return;

}

}

public static void main(String[] args) {
for(int i = 0; i < 5; i++)

new SimpleThread () .start()
System.out.println("All Threads Started");
}

Y /1]~

Basl g Mdii Llee (e Al g(One Run) Giga) @ M) sail) o <0 G g galiall 13¢d

(oA 5 240 Adee IS (e Adlida (558
Making 1
Making 2
Making 3
Making 4
Making 5
Thread 1(5)
Thread 1(4)
Thread 1(3)
Thread 1(2)
Thread 2(5)
Thread 2 (4)
Thread 2(3)
Thread 2 (2)
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Thread 2(1)
Thread 1(1)
All Threads Started
Thread 3(5)
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Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread
Thread

4(5)
4(4)
4(3)
4(2)
4(1)
5(5)
5(4)
5(3)
5(2)
5(1)
3(4)
3(3)
3(2)
3(1)

(2) quox

/I multiple threads modifying shared object.

public class SharedCell {
Il execute application
public static void main( String args[] )

{

HoldIntegerSynchronized sharedObject =
new HoldIntegerSynchronized();

Il create threads

Producelnteger producer =

new Producelnteger( sharedObject );
Consumelnteger consumer =

new Consumelnteger( sharedObject );
/I start threads

producer.start();

consumer.start();

}
} Il end class SharedCell

Producelnteger setting sharedint to 1
Consumelnteger retrieving sharedint value 1
Producelnteger setting sharedint to 2
Consumelnteger retrieving sharedint value 2
Producelnteger setting sharedint to 3
Consumelnteger retrieving sharedint value 3
Producelnteger setting sharedint to 4
Consumelnteger retrieving sharedint value 4
Producelnteger setting sharedint to 5
Consumelnteger retrieving sharedint value 5
Producelnteger setting sharedint to 6
Consumelnteger retrieving sharedint value 6

Pl sl e O8SS L g Al
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Producelnteger setting sharedint to 7
Consumelnteger retrieving sharedint value 7
Producelnteger setting sharedint to 8
Consumelnteger retrieving sharedint value 8
Producelnteger setting sharedint to 9
Consumelnteger retrieving sharedint value 9
Producelnteger setting sharedint to 10
Producelnteger finished producing values
Terminating Producelnteger
Consumelnteger retrieving sharedint value 10
Consumelnteger retrieved values totaling: 55
Terminating Consumelnteger
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Sl 3 ot
Concurrency sl <
clleal) oda (o8 B .aalg cihy B Alee (e S LT (g ) il duals
&s Lglaia ¢ (independent processes) gzl Lpdany oo Akl 4y 5) giall
GHma o ghy 8 o34l . (cooperative processes) (anll lguany
concurrent ) hgdll 5 giwa o 4 (concurrent processes) <lilell
.(threads
.(race condition) bl Aa <
Ay b afai ngag ax JB b AS bl cllll abildl) g8 Jgasd
AS jidall Uil dad s B clladl Glad dus cclibal) o3¢ J gl
.(process competition) <lleal) (8l <
Asa aladid (and) lpdn e daail LESt A aldaadl o8 Laic
Ajsal) odd aaf aladial) up Adee e S dllia o Giaay Ladiad (AS jida
el 138 axdicy (e R Wiy Led Ja) (e clileal) odgd A (AS il
13 an - 2sal O A EE Sia U clled) 3L Loy S8 & idal
.(process competition) <lleal) (8L
(semaphore) _gilaad)
Ll LB g pa audatil Lagth ardiod clS Ay of Adle ga ) ghlasul
bt g glapudld Aaa ) Jlaa B SN ) A pggdall aadin)
Lol s Al Aoy cal Ale o Jial G (Osked Jaing s 26) e
Adle il AN Al adiu AS i clily aladi) Lle cly 1Y) o5 548
A il clilgd) aladind Al Adee @l ) 135 ilaadl e Ja)a (Gsd)
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Pty Ll e ¥ AT ay 13gd (G e o Lag sl i
i) padiul (e Vgl iy 3 Llead) 8 o dmg o) AS il by
(s AY cllall Ll clilyl mual) cad ) sdlasad) aday i 48 i)
& (B5) dad Alal cadag 1Y A @ Qilawd i b Luald
a o Alaal JaiSi Ja jgilasd) ) Jomas) AT Aleal oSa B ¢ gilasd)

(L) b s
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POSIX Standard: www.unix.org/version3/ieee std.html
"Pthreads Programming''. B. Nichols et al. O'Reilly and
Associates.

"Threads Primer'". B. Lewis and D. Berg. Prentice Hall
Programming With POSIX Threads". D. Butenhof. Addison
Wesley

www.awl.com/cseng/titles/0-201-63392-2

Pthreads tutorial , https://computing.linl.gov/tutorials/pthreads/
POSIX thread (pthread) libraries,
http://www.yolinux.com/TUTORIALS/LinuxTutorialPosixThrea
ds.html
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S I Sy

dadall £ 3 gall
136 daial)
136 gl
137 sas gl il aaf
138 POSIX thread (pthread) <lisa .
139 b oAl Basaia gal s arenal 1.1
141 obels Bdl) daa 2.1
142 el il dgal g 3.1
143 bl pled) g oL .
143 b L) 1.2
144 b elgd) 2.2
144 bgAl el g el b Lariinual) cilisiy ) 3.2
145 bl e L&) 1.3.2
146 bl clia 2.3.2
146 baal) eled) 3.3.2
149 Ll A ad a1 4.2
152 h gAY Jladi) g slada)
153 aleady) 1.3
154 Juaily) 2.3
158 Lagal) 39 .
158 duasal) JSLéa (e 48N 1.4
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162 OuSS gaal) &) ke .5
163 OuS gaall aladiad & ghad 1.5

164 uSigpal) jpadig oL 2.5

164 aladiay) Ak sk 1.2.5

165 oaSlgal) by (31 3.5

165 Llad ) i .6
172 Llal) ¢ piia juadig sl 1.6

174 aladiay) Ay 5k 1.1.6

174 Alal) e piia A il 5 W) 2.6

175 aladiay) Ay 5k 1.2.6

175 Al
181 A Bas gl (o Alpue daal
184 Gl bl
188 Glalhiaall 3 pwa
190 &l
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deudl)

s

bsl Aoy sty (A s Auadlaad) Sangll ) el Lim s ) e
Gay J¥) andll tdwi; abudl Al (e San gl oda ¢ sS Pthreads aladiuly
abina A aadicd Al c\ett Add pa Jand A pthreads cliSe aladic)
dan sig sy LS LS o Aee 7 b Gadlaly (gSimy ousid SRl ol
C shall aladia) (Sary . (sligsl Adud) uSid aUa o gl ) oy ity
slgdly sl b 4d ma g (AN andll g s AT uSil Aay g gl (B gl
(o Gad CIBY) Al L cdagadd) elgd) g slid) A cdaadiuall cilisi ) g dagadd)
B Qi Al ) acdl) dasiiuall cilisip ) (a e aa bgdl) Jladl g alacall
Gl acdl) By cAasaSall JSLia cpe A8l g cdasiionall clisipl) g duasal
A3 ¢ Mutexs 2 jatig oLad) 488 g Mutexs < piia aladiul 488 mda giu
Yy Gudldl acdlly (Mutexs gy Bl i adl) J B i
Al ) jiia iy pLAY) 4dS pagin Uag dlal) @ e 4 (o i
Aal) @ pita B UEN) B acdl) Gy IS dariiual) clisg g
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OS5 o (A Ban gl oda Aad ja (e GBI E aay () g 5ue
i Sl Lalé

JPOSIX thread <lisa i o5 o

i gl & 5 ) el ) L il ) g A clbal) <X e
Pthreads alaiiny dLuulia oy

o gdl) aantia gl pull dadlll) ziladll dmi e

Ll Al Aaa p i ai @

Al @il dgal g Gile gana dmS @

sl B Aasiiowal) DAY Lgugiad ¢ o A clanall SX5 @
JagAl) oled) g ol b dandieal) cligg ) i< o

Jagdl) elgd) ok awmi e

b gadl) alaall 3 Juadl gﬁ dandieal) cligg ) i< o

AeasSal) JSUia e BBl Al S i @

Jmutex aldiu) & ghd ami e

.mutexes — jradig slid 8 desdiviall cilifip ) Qusi o
.mutexes — gidy 3 B daddiviall cilisig ) cisi o

Ao i) @ piall ey pldd) A desdiional) clifigyl GiSE e
ey e lLdd) gJ daddiueal) clisg ) aladiud a3, )k Ty e
Al @) pta

Adlal) @) piia b il g U 8 Leadiiial) clicg ) casi e
G e B palil g UEY) B clicg ) aladia) LS magi e
LA
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POSIX thread (pthread) <=5 .1

as Al Ay cliphi dgal g & POSIX thread «liSa (gl s e
L Il Jaat b gkl Sasia gl s S W racd b g (C/CH 4all lagidl
«( multi-processor) clallaal) sasie Laaly) & Lgiplis jeling (daulia A g
dlaa b Jan o bd < Sy Gua (multi-core) 55 Bamie dabaYg
Al ARE) pdingyg Ae jgall g A el Aallaall DA 343N de pu 35 Laa ¢ Juaiia
e S A many oM o(forking) Fu il aladiu) e Lale ) Ji hgad
dles I8 Ay Ay all 393 dalue digs gling of 4 aalg <y B ke
G118 ple sl s (C AR AaIaly (S B ) Ay AL Gl Basa
- @ally (system calls) aUail)

gl pllead) cld i) B cliCd) sl e B (Say Ll

O 1Y 4d Jaall g Al gllaall (pa 3aUELY) Al (e &ua (uniprocessor)

aad) A Jis plladll Gud AT el ol o A o Jan U B ddia) bl
(multi-task algall

i B 2333 PVM s MPI Jia ¢ AT 4y gia Ay cldis dlilia

single ) 5aalgl cuddgall Aaal o bgdl il Ladw Ao L

dalue B & LEE (gali ) Lgudi Alall 8 Jagadd) JS .(computer system
.(address space) Lgdi 4 ginl
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b g1 Bodme mal e 1.1

i Ao )08 malind) 09$ of g Pthreads <l jaa (e 5aUEu3
1A% pa s il Ban Ao Aaga JS DA (e Cumy o(alga) £10a0 ) galid
adliny g Jalay of Gusy croutine2 s routinel Lyl ols 13 M . algal) 48
.(threading) kil daa pll (laslia Lagh (Laadidis

routine1 routineg2 final routing

routing2 routing1 final routine

1 r2 final routine

routing2

time

il Ciats Lgilis by 5 LAY el ) 0088 ¢ g (o e O
:Pthreads alaiiuy duulie 0 s 4
b AT (e Lo Jaad) 353 30 clibyl) o odB b5 1) Jead) @
g Nl alga Bac
Spsh B 7 A/0A clles Saa Aiisd @
LS b Gl (81 ¢ SLY) (g b pllaall aladind dulse @
-(asynchronous events) da) il e Eaadl Llaiy) caa @
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priority ) Alad) clablil) Ly e al Jue¥) 2 ©
-((interrupts
@ Jaw oY miaial e dlulodal) cliulil L Pthreads aladic) ¢Sa
dalg by b alga By agh A Taddiaall gau 4 caa) g pllae o3 s
L Ja gl $asia el jull Aaglil) g 3Lail (pa ysnd) lia
sl hal) agh & ((Manager/worker) Jalall/ paddl zigai -
Jlad) Jiai (Al g ¢ AT Bagadl) o Jaadl s
cbles ) dagall apadi ol Cua i(pipeline) bwd) Qo) gigd -
Js 35 ol (s AY) Alend clajiae o Llee IS aaiad Euay e
() aand Jia) Juadia bad b dles
s petal) ¢ B Gl A (Jalall/ utal) 73 gad Audy z(peer) A -
LA g L Jled B plgal Ans
S il 3,803 £ gal
((global) 48 jidia cilily) 4 jkiall 5 913 LY Juai Ja gl S .1
Aaldl) aslly bl U<t Lag L2
(A 8 @bl las) o el Jguash) cliles e Jsiana gasall .3
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/ thread

thread

oLl ki i 5 2.1

Gl AT 0sd il hgd Ba LA Lo clinldl §oda g
.(race conditions) Gbuw A 3 g8 o AS il

GO9S bl S5 hgd Bas o g glay (bl dlla ¢l 1Y) M
il sy ashy gl 138 o Wi 38 12 ((library routine) Lyl 4584
Lo Al cidgl) (B clilnd) oda Jiand Jad S Jglagad 3 QI3 8 adiga o dale
Jdoasl (n ogsi dlia go o o WY A i) oda B Ly AT quey
Ll Bl sy g o AT G Lgpand s @bl 23¢3 (el Jial

cAdal Ll 5 gl e e A A i) aladiad Jla b dlde il
g 835 iiaT e Y
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(Pthreads API) 42 ' i bdl dg>1 3.1

o ey e gana i ) Ll Agal ) e (e

creating, Jia hgdll aa 5 dlia Jand Al @lisigy Ay skl 5y @
.¢) «detaching, joining

Citalsl) G (Mutex) awdy ool Al B adid Al g 0 mutex <lis, @
.mutexes — ae dag sl cilial) Jyaady 4dsa A 9 cmutual exclusion

LML algs Al clicg )l A :(condition variables) Al < paic ©
el gy bag b o Sadina A g .mutex b AS Ladall Ja Al

AJlisl) 9 360 &Y Jaa B8y wlidg :(synchronization) ol i @

ALY & mage LS .pthread_ dalsll fas hgdl) Ad<e B cliy adl S

WA
Routine Prefix Functional Group
Threads themselves and
pthread . .
miscellaneous subroutines
pthread_attr_ Thread attributes objects
pthread_mutex_ Mutexes

pthread_mutexattr_  Mutex attributes objects.
pthread_cond_ Condition variables
pthread_condattr_ | Condition attributes objects
pthread_key Thread-specific data keys
pthread_rwlock _ Read/write locks

pthread_barrier_ Synchronization barriers
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u.\\..a ﬁjﬁi i)

POSIX thread cliss ce .1
Pthreads aladicy gal i b 4ethal) clial <) .2
g aal) Sasmia gl yall AaLil) z3ladll lany 2k .3

Sl Bl Aaa ' aggde g S 4

¢ Lonapll it Agal g b Apewi ) e ganall A L5

bod o8] 5 elis) 2
b olisl 1.2

«pthread_create() al aladic) gliad bl eLAN (a5
A clblmall o g giad Al
.(thread identifier) bl Ciy o3 o ADA (p Juaad Jg¥) Jarall @
Cradiind 1Y cadl) clha aaay 3 Gl Gl ) sde A ) e
dadll Lol ) cliaal) & 5 el a1 3g8 La null
LAl iy AN A Gla ) pdse g SN mall e
BAALAY AN Y W el & A (argument) adl sa AY) el e
null 4US iy Al ) Ly e 353 ad bl 0 a1 1Y) dadd) Jaka
RHEVRT
: ARyl sdgy ANal B i cuiS of Mia
pthread_create(&th_ID, NULL, th_fun, &value);
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cth_ID aial 3 Ll V3a iyl 055 kel s L&) &l A ey 13
GsSS A th_fun ANl Jadd) e A g (Al Y cldal) hadd) s pddicy g

-value WDlasa
pthread create() Aal slosicd llad agd DU elid) aj 13
) e EDG

sl ladal 4dlidly Ld ld JS aa pthread_join() 4 esiui Lal
main i ) Al ¢l J8 b gl
Lo o4 2.2

o o sl dle o<t pthread_cancel() A axdius ba slgly
Aalua Jaag JAl ¢S 13 Dlia . Adlgd I 3 ) ga addien ¥ o3l 4 o2 Jadl)
ol (l<a sBilw pthread cancel() sl Ay sledialy Ly 3 gAML
.(memory leak) 854 3 3 j sana Jlig 3 S

b o s U8l cLid) @ Aol Oy 1 3.2

pthread create
(thread,attr,start routine,arq)

pthread exit (status)

pthread attr init (attr)

pthread attr destroy (attr)
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ki eLis) 1.3.2

O sl Ao dhgdld) Ay (ol ) aa) g ek Ll main L ) DA ©
Ay gty 58y

Cra Ba (pa ST s gle i) (Sang Jaid s~y pthread create A
b e S LAY 5 RAN JAN s

G Apap i ol (g A bgd sl o gy AlSey kA slid) ve @
o gl

thread 3

thread 1 thread 2 thread 4 thread 6

thread 5 thread 7

time

Quiz

¢ Sl aUaS Adaud gy MDY () gdagen e G CiS A £ LA aay

sl gl Gsbad sled g sl g CH+ 4 galiy )
i i L £ LRy) Alas Liad g AUY s L&Y & J g0 Ll
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(Thread Attributes) k3 &\le 2.3.2
il 030 (lng i goasall (Say s e cliuay bl Uil Ll )
.(thread attribute object) <liall s e
pthread attr_init PRESAW I
. cliall Gils axi/digil pthread attr destroyy
clball il A Aea Clia s o) 48 aal aadind 5 Al cilisg) dita
(Terminating Threads) &3 ¢\4| 3.3.2
e chadl) eledy (b as iy
(Rl Aigty alB 1) i) g M) A Ty 1) opig e A B say o
pthread exit iyl ldl slesiul o
.pthread cancel (g slediuly dldg AT iy bdll clal) o
.exit g exec Jia oy, sl siuly LlalSy Alenl) gl 1Y o
pimg il e z 9—all pthread exit (uig)l) aladiu) (Say o
AT s dae b L die dl) Algd B o le i
o= blad ) hedl J8  main () sl gl g3 1Y .
A3 e Jard JBiw s AY) bgdl) ol (pthread exit () 3L
Aaladl ) dgdd) JS Asa g main () sled
(termination status) sl Al s (L Lad)) gasal) gokioy o
iy s Bl 3 Gl A void g sl (e sdises Lijda oS g
Jadl ele i
o i ol Jal da gidal clilal 3%, ¥ pthread exit () osgsd o
Al plgill sy A da gila Jhiag
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Ly g 5y a0 140 53D G ) i) |
pass i b sl lacpthread exit () (& sliaiuwl)
Laaic dgila ,u& A& dilia <! .a return code back
.(threads it spawned) by—al &3¢ Jd main () Jaiss
J—aiSs Lad e ‘L,s.wa pthread exit () sl )b
slodiuly . il (Lghgd J—Sg) Alad (d main ()
J—Sg 4—laall (b main () —2pthread exit()
(—b By ga B_id JS LET Jaif) glg da doa Béata Lghgd

: (faAd slgd) g sLad) Jha &

JS .pthread create() &g slediuly hgd (5) s &b Jhd) 1
gl slesiuly hgal 4ifiv o "Hello World!" Ala)) pdaw ki
.pthread exit()

147



#include <pthread.h>
#include <stdio.h>
#define NUM THREADS 5

void *PrintHello (void *threadid)
{
long tid;
tid = (long) threadid;
printf ("Hello World! It's me, thread
#%1d'\n", tid);
pthread exit (NULL) ;
}

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

pthread t threads[NUM THREADS];

int rc;

long t;

for (t=0; t<NUM THREADS; t++) {

printf ("In main: creating thread

$1d\n", t);

rc = pthread create(&threads[t], NULL,

PrintHello, (void *)t);
if (rc){
printf ("ERROR; return code from
pthread create() is $d\n", rc);
exit(-1);
}

}
pthread exit (NULL) ;
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(Passing Arguments to Threads) L1 1 o3 » & 4.2

(one argument) 3ialy 4ad iy pthread create() oy
pLil) GliSay dad 0 A jally .(thread start routine) bl eay g )
Ol A Al odn pdiga )l A (W el a AN Al S e (g giad Ay
.pthread create()
.(void *) . Jsaig «(by reference)) aapally el of quag addl) Js
D (Al Y b s sad) e Jiedd

. hd Jd (integer) guaa 33y jad (Say (S i gl AU galipll B
L J<i3aa) g ((data structure) by 4y aladiuldy ol ¢ le xiy)

10t

long *taskids[NUM THREADS] ;

for (t=0; t<NUM THREADS; t++)
{
taskids[t] = (long ¥*)
malloc (sizeof (long)) ;
*taskids[t] = t;
printf ("Creating thread %1d\n", t);
rc = pthread create(&threads[t], NULL,
PrintHello, (void *) taskids|[t])

}
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L J .(structure) 4 aladiuly dad e JiS) o pai/dae) i
A ada (e Baal g A bty

struct thread dataf{
int thread id;
int sum;
char *message;

};

struct thread data
thread data_array[NUM THREADS] ;

void *PrintHello(void *threadarg)

{
struct thread data *my data;

my data = (struct thread data ¥*)
threadarg;

taskid = my data->thread id;

sum = my data->sum;

hello msg = my data->message;

}

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

{

thread data_array[t].thread id = t;

thread data_array[t].sum = sum;
thread data_array[t] .message =
messages|[t];
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rc = pthread create(&threads[t], NULL,
PrintHello,
(void *) &thread data array|[t]);

3 Jla

OsiS L sgddasaia b gyl (S S pud gl gl 18 A
clila MA 5 . Jgdd) I dalia 5903 daluee &l LS o3t pdal
Lgaa Jalaii () J il 138 Guany aBg (B _SIAN o aBga iy ) 3l
o gl

int rc;
long t;

for (t=0; t<NUM_THREADS; t++)

{
printf ("Creating thread %1d\n", t);

rc = pthread create(&threads[t], NULL,
PrintHello, (void *) &t);

}
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A
o gdl) ol g e L) gﬁ daddiiall clisg ) uis) L2

Joining and Detaching ) ¥ &3 Jladi g o loas! 3

(Threads
:dasiioial) cilisig )

pthread join (threadid, status)

pthread detach (threadid, status)

pthread attr setdetachstate
(attr,detachstate)

pthread attr getdetachstate
(attr,detachstate)
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(Joining) sleziy! 1.3

O (synchronization) ¢l 33 Jasd (3kY s2a) & "Joining"

:Slia b gadl)
Master pthread create()| ——® pthread join()| —
Thread - -

'

Worker
T GED

DOWORK —» pthread_exit()|
Worker
Thread

calling ) Saiwal) kil Jasy pthread join() cuig)d o
.(threaded) 2aaall LAl 434 As (thread

O 1Y Gisgh Al sl Al o Jganl) o )i 068 majall o
.pthread exit () sisd sledin e Jadae

slodiul (gl) Jadd 5aa) 5 5 a ( joining thread) Jadll alecal) 4l a3 o
Wad ey .(Jaddl (il 3aa)y 50 pthread join() sl
Al Al (multiple joins) alacail (e JiS) Jas U glaa e

Le A isidly anutexes Jia ¢oel iU g Al guh Gy .
ol s 8 WaY giliiu (condition variables)

f(Joinable or Not) ¥ al alaaBDU Ji& ki) Ja (
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pleaBld Jib Ll 1 Ja plas Al aaf dlla Lal eliy) ue .
o alaadd ALY hagall Lid .(detached) ¥ A (joinable)
dads Say M (detached) Juaiie S bdll ¢ il 1Y) W clgadal
A

058 o) AL sie majy badl) o maad &35 AN POSIX Julea B o
-(joinable) aall S £ 4il) (1a

Ui «detached s joinable ¢ sSsm Ja Alid aie Jadl) Als yasit &
Oigl A attr Addaal dedl) alaiiu

: gil:dls.pthread_create ()

1. Declare a pthread attribute variable of the
pthread attr t data type

2. Initialize the attribute variable with
pthread attr init()

3. Set the attribute detached status with
pthread attr setdetachstate()

4. When done, free library resources used by the
attribute with pthread attr destroy()

(Detaching) JLaay! 2.3

Juaiia bdll Jaal pthread detach() (gl aladiad (Say o
LSS (g A uly c(joinable) Ledaia 4ilidl a3 glg ia

) aalall £l e A e Adldil dhled el ) e Al oS )Y
alisall JS i ¢l Gua ((portability) 4M8Elly & mewy 134 .(joinable
.(joinable by default) Uocaie 4l cha Bl ¢ i
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o 3k S AT B e placal ) gling oF Al of B e 1Y W
AURI 3 g s Al Al gy o (Jualiall Alla

: (Joining) . Jia®

O pladduly ATl o lgml LY o Jld (e S gl sl galinl 1
VAR dad pobiud s caladaDU G adly Lad) (e Jadd) ¢ LEIL Liad Linjoin.

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

4 #define NUM THREADS

void *BusyWork (void *t)
{

int 1i;

long tid;

double result=0.0;

tid = (long)t;

printf ("Thread %1d
starting...\n", tid) ;

for (i=0; i<1000000; i++)

{

result = result + sin(i) * tan(i);

}

printf ("Thread %1d done. Result =
%e\n",tid, result);

pthread exit((void*) t);
}

int main (int argc, char *argv][])
{
pthread t thread[NUM THREADS];
pthread attr_t attr;
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int rc;
long t;
void *status;

/* Initialize and set thread detached
attribute */

pthread attr init(&attr);

pthread attr setdetachstate (&attr,
PTHREAD_CREATE_JOINABLE);

for (t=0; t<NUM_THREADS; t++) {
printf ("Main: creating thread
$1d\n", t);
rc = pthread create(&thread[t],
&attr, BusyWork, (void *)t);
if (rc) {
printf ("ERROR; return code from
pthread create()
is %d\n", rc);
exit(-1);
}
}

/* Free attribute and wait for the
other threads */
pthread attr destroy(&attr);
for (t=0; t<NUM_THREADS; t++) {
rc = pthread join(thread[t],
&status) ;
if (rc) {
printf ("ERROR; return code from
pthread join()
is %d\n", rc);
exit(-1);
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}
printf ("Main: completed join with
thread %1d having a status
of %1d\n",t, (long)status);

}

printf ("Main: program completed.
Exiting.\n") ;
pthread exit (NULL) ;

}

gl Juali) g sladal) (b dariioad) clis ) cas) .1 || @@
¢(Joining) alaaN) s L .2

Joinable or ) ¥ af alacaBU Ji6 il Ja aaa oy i g .3
¢(Not

sl &l gy a Juadia Il Jaa Oig ) aladiul oSay i< 4
LSS Gig) i Gl . (joinable) Laais
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Stack Management &wiSd! 3513 .4

dadiiecall cilisi gl

pthread attr getstacksize (attr,
stacksize)

pthread attr setstacksize (attr,
stacksize)

pthread attr getstackaddr (attr,
stackaddr)

pthread attr setstackaddr (attr,
stackaddr)

lwigl\“FrLiﬁ‘JAEQ@jﬂ 1.4

Adingg ) Calidy Ll g (POSIX _mlas b dusSall daw yaad oy ol o

Lkl e
S gl el Gu Laa (ol 58 Auaal) aa o Sab3 Jed) e o
bl cu A

Lad) g cdpuda 8Y) AutSal Ams lo daind Y1 Gy ALRELY g ALY) el ) o
Ofis))  Aial BA O Awsall A dalue aa oy
.pthread attr_ setstacksize

gl g pthread attr getstackaddr alicglll o
alinl) A legaladiul (e pthread attr setstackaddr
B8 Aiaa dbhia B LAY (uiSe gy Lgd g A
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Sl 31 e e Jie D
il duaSe paa iy 4d jra AdS i JU 138 B
#include <pthread.h>
#include <stdio.h>
##define NTHREADS 4

#define N 1000
#define MEGEXTRA 1000000

pthread attr_t attr;

void *dowork (void *threadid)
{

double A[N] [N];

int i,j;

long tid;

size_t mystacksize;

tid = (long) threadid;
pthread attr getstacksize (&attr,
&mystacksize) ;
printf ("Thread %1d: stack size = %1li
bytes \n", tid, mystacksize) ;
for (i=0; i<N; i++)
for (j=0; j<N; j++)
A[i][3j] = ((i*3j)/3.452) + (N-i);
pthread exit (NULL) ;
}

int main(int argc, char *argv[])
{
pthread t threads[NTHREADS] ;
size_t stacksize;
int rc;
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long t;

pthread attr init(&attr);
pthread attr getstacksize (&attr,
&stacksize) ;
printf ("Default stack size = %1li\n",
stacksize) ;
stacksize =
sizeof (double) *N*N+MEGEXTRA ;
printf ("Amount of stack needed per
thread = %1i\n",stacksize);
pthread attr setstacksize (&attr,
stacksize) ;
printf ("Creating threads with stack
size = %1i bytes\n",6 stacksize);
for (t=0; t<NTHREADS; t++) {
rc = pthread create(&threads[t],
&attr, dowork, (void *)t);
if (rc){
printf ("ERROR; return code from
pthread create() is $d\n", rc);
exit(-1);
}

}
printf ("Created %1d threads.\n", t);

pthread exit (NULL) ;
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Ao giie iy

HYPERLINK
"https://computing.linl.gov/tutorials/pthreads/man/pthread_s
elf.txt" \t ""W26''pthread_self ()

HYPERLINK
"https://computing.llnl.gov/tutorials/pthreads/man/pthread e
qual.txt" \t "W27"pthread_equal (threadl,thread2)

bAll 38 hd o8 (returns) ey pthread self (gl o
.(calling thread) (& Yiwal

(thread Ids) ¢phd 48 Gw ¢ pthread equal fg )
ll 8 AL ke 8 dady Cpdlida LS Y 0 g

il == Lodlall pladiad (fa Y illyg LiilS Jadl) iy pas o) iy o
.(thread Ids) Jagall 46, il o8 3 a8

Shuasall JSliia (e 4Bl aly s
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(Mutex Variables) S5 sl & pizs .5

(e Mutex & ptia iy o.""'mutual exclusion" 3 jlaidl & Mutex e
(thread synchronization) bgadl G el 3 (3adl ardiad A cliail) aaf
.(multiple writes) lgsls LS jal (pa i) &gan aie A8 bl clilad) dlea g

Cra asgiall g L AS pdall clilud) L) Sl adal (lock) (3138 mutex giall Jasy o
e sh Lasd iu\j Ua,n ¢ sa Pthreads 4 dasiicall mutex sl 5 S8 ¢) )9
G Jslad bagdl) (e aas dllla s 1Y) of ABad L8 mutex i (cliie) (3l
sidall 1 (D)) 3l AT bad o audiian g padins AN A (b 5aa) g mutex
Lips Ade Juan 52 Al 4S g o L (mutex)

"race" ) (bhw ¥l Gigaa (ade) e Ll 2 Mutexes aladiul oSay e
.(conditions

;i Adla A a8 i (Bl Vs g Y JEaD D

J¥) il (AL Jaal dua
Read balance: $1000 $1000

Read balance: $1000 | $1000
Deposit $200 | $1000

Deposit $200 $1000
Update balance
$1000+$200 31200
Update balance
$1000+s200 1290
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«(lock the "Balance") sa )l 3! mutex Jas g odel Jhall 4«
Lluaad o5 ) @ el AS el cililad) o3a aladialy Al agh Laly
.(critical section) z a adaia J) 4l
mutex alises! & s 1.5
.mutex _iall digig el o
mutex =) 3¢ Jolai bgd s o
mutex — DUid A mad; bid aaf gl o
Jand) (s mutex —U llal) Jadl) A5 o
mutex I &Ulal) Jadll &4 o
LS 30 mutex— ,le AT hi Juass o
.mutex — e ah 4lgdl b o
— s Juand al Al gl JB5 cmutex Ao bgd Sae (U Ladic .
Ya "trylock" ¥4 jaall qitb e xiudy gl d)d b 55 saae mutex
Mock" L adlesiad
glisg bl JS o e 6 ga gall Aaga B (AS jidia cilily Lles i o
Gllad) Jas 3 55 Ja gl EBUE Lpal (S 6l Diad . J2d 33 mutex —) aladicd
ALIL Uil rauaid cmutex —) addiad (pe ga JaBd da) g il oSl g (g

.mutex —) aladiu) cra Baild Y g
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Mutexes ! podi g sl 2.5

dadiiecall cilisi gl

pthread mutex init (mutex,attr)

pthread mutex destroy (mutex)

pthread mutexattr init (attr)

pthread mutexattr destroy (attr)

alusuw ! 4 b 1.2.5
o pthread mutex t g silbh Mutex — < jiall (o (PleY) iy o
i cmutex el digil Uik e lia L Lgaladind JB Lgiings
Mg Als ey Ale «(Statically) S @

pthread mutex t mymutex =
PTHREAD MUTEX INITIALIZER;

.pthread_mutex_init() ¢Sg Ak «(Dynamically) Swalin @
.attr A mutex (S clia das) oSay Lia
.(unlocked) jsaaa & mutex jsial ¢eS digdl) e
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Mutexes —! gz y 3 3.5

tdadiiecall cilisi gl

pthread mutex lock (mutex)

pthread mutex trylock (mutex)

pthread mutex unlock (mutex)

?\.\5:::..»?\ 3\.&.1)19 1.3.5

Joaall bdll dhaul gy addivy pthread mutex lock() ol
1 Jaa st Al ldy 3le mutex I Gl 1Y (@A) mutex aial) e
.mutex sid) (unlocked) 7@ aby s gl

cmutex pial 3¢ Jglay pthread mutex trylock() osissd e
. This .Gla mutex aia) 25 13 580 busy Wil 5 e Jay 40
il Gulia gyl 1 ¢ s<routine may be useful in preventing
.(deadlock) (Ui hag yd (e bayd

=S4 1Y mutex ) zih pthread mutex unlock () &Sl o
O ldl) il o s oo sia) iglha g2 pmutex —U dlla) il e 5
A eyl A Ul diany g L Apeaad) cliLall aladid)

.(unlocked) Ls gida Sual mutex —3 ¢ls 1y o

AT il 1S glae mutex —3 oS 13 o
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Quiz

b gdl) oS_AQ_AAAU(éE cmutexéléjé@hgimﬂsi Al S Ladic

: ( Mutexes aladiul) e JiaR
3t mali g 2 Mutexes < piia aladind 4dS ma gl galipll 130 b Ui
s g bl S dale Ay e Jagadd) J< dalie A ) clilyd) Lo gidd)
e at Lglle g0 gl S ST et ) SR UL e 83

Al daaty
#include <pthread.h>

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

/*

The following structure contains the
necessary information

to allow the function "dotprod" to access
its input data and

place its output into the structure.

*/

typedef struct
{

double *a;

double *b;

double sum;

int veclen;
} DOTDATA;
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/* Define globally accessible variables
and a mutex */

##define NUMTHRDS 4

##define VECLEN 100
DOTDATA dotstr;
pthread t callThd[NUMTHRDS] ;
pthread mutex t mutexsum;

/*

The function dotprod is activated when
the thread is created.

All input to this routine is obtained
from a structure

of type DOTDATA and all output from this
function is written into

this structure. The benefit of this
approach is apparent for the
multi-threaded program: when a thread is
created we pass a single

argument to the activated function -
typically this argument

is a thread number. All the other
information required by the

function is accessed from the globally
accessible structure.

*/

void *dotprod(void *argqg)

{

/* Define and use local variables for
convenience */
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int i, start, end, len ;
long offset;

double mysum, *x, *y;
offset = (long)arg;

len = dotstr.veclen;
start = offset*len;

end = start + len;
X = dotstr.a;

y = dotstr.b;

/*
Perform the dot product and assign

result
to the appropriate variable in the
structure.

*/

mysum = 0;
for (i=start; i<end ; i++)
{
mysum += (x[i] * y[i]);

}
/*

Lock a mutex prior to updating the
value in the shared

structure, and unlock it upon
updating.

*/

pthread mutex lock (&mutexsum) ;

dotstr.sum += mysum;

pthread mutex unlock (&mutexsum) ;
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pthread exit ((void*) 0);
}

/*

The main program creates threads which do
all the work and then

print out result upon completion. Before
creating the threads,

the input data is created. Since all
threads update a shared structure,

we need a mutex for mutual exclusion. The
main thread needs to wait for

all threads to complete, it waits for
each one of the threads. We specify

a thread attribute value that allow the
main thread to join with the

threads it creates. Note also that we
free up handles when they are

no longer needed.

*/

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

long 1i;

double *a, *b;

void *status;

pthread attr t attr;

/* Assign storage and initialize
values */

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

b = (double*) malloc
(NUMTHRDS*VECLEN*sizeof (double)) ;
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for (i=0; i<VECLEN*NUMTHRDS; i++)
{

af[i]=1.0;

b[i]=a[i];

}

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 JOINABLE) ;

for (i=0; i<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(&callThd[i], &attr,
dotprod, (void *)1i);
}
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pthread attr destroy(&attr);

/* Wait on the other threads */
for (i=0; i<NUMTHRDS; i++)
{
pthread join(callThd[i], é&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) ;

(libararies) «lisdll A& Mutexes ) axdiud & jidd A cas) @
WA
POSIX
Win32

0S/2

G clity; aladiul g hgdll aledal) agsgia gudagy Ll |

-Mutexes — gidg
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K ﬁjﬁi i)

.9 (Mutex Variables) S gaall & i de .1 ?
= dasdicadl mutex giall 38 o) 9 e asgdall pay .2
.Pthreads

.mutex aladic) & ghi s .3

¢ L Le mutex _siiall diigdl ol b Sy 4

(Condition Variables) 431 & piee .6

bodll  oaF B i Al leg Al cigate .
Jsas 2 asail) o mutexes 2 () il iy Leiy (synchronization)
ULl Lted) Aal) o ANal) @ it b el 3 dainy s (clilll A

i Ja ¢(polling) ) paiuly ,uids b gadd ma pall glisg Al & pada gh o
Last O Bl O (lgSlgiany sall sagy B 13ay Y o bigsdd) (ghas
Zalal) (g0 dajal giat e UL W ey Al it . el ol ¥ gidia
. mutexd) G aa Jaxi Al & it polling—

1oL} Aaun ga Ada pi) ) piial) aladiad A5k o
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(Main Thread) (wwi ) kAl

Declare and initialize global data/variables which
require synchronization (such as "count')
Declare and initialize a condition variable object
Declare and initialize an associated mutex
Create threads A and B to do work

Thread A

Do work up to the
point where a certain
condition must occur
(such as "count' must
reach a specified value)
Lock associated mutex
and check value of a
global variable

Call

pthread cond wai
t () to perform a
blocking wait for signal
from Thread-B. Note
that a call to
pthread cond wai
t () automatically and
atomically unlocks the
associated mutex
variable so that it can
be used by Thread-B.
When signalled, wake
up. Mutex is

173

Thread B

Do work

Lock associated
mutex

Change the value of
the global variable
that Thread-A is
waiting upon.
Check value of the
global Thread-A
wait variable. If it
fulfills the desired
condition, signal
Thread-A.

Unlock mutex.
Continue



automatically and
atomically locked.
o Explicitly unlock
mutex
o Continue

Main Thread
Join / Continue
W O pre ol g LSl 1.6

tdadiiecall cilisi gl

pthread cond init (condition,attr)

pthread cond destroy (condition)

pthread condattr init (attr)

pthread condattr destroy (attr)

aldsein M Zﬁgjb 1.1.6

w9 pthread cond t gsill Al < gaia oo (PleY) Qg o
HLab el yuicial) digal Uy e GlIUia 5 . Lol i) U Lgdings
e lgde pley) sie ((Statically) 4islu. @

pthread cond t myconvar =
PTHREAD COND_ INITIALIZER;
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Ofigl aladiuly (Dynamically) 4Ssalisy @
(ID) b il yaial) Ciy 26 4ad .pthread cond init()
condition ) Jisdl ye lpesing o1 hdll aa 5 Uil o3
- attr s 4 jatal) GilS alia dae) (Sayg .(parameter
Sl g pthread condattr init() Oligull e
sadig sLAN gladdiew pthread condattr destroy ()
condition variable attribute )de &l < paiall clial cliils
-(objects
»Al asdiny ¢f iy pthread cond destroy () oss) o
agl) gla Y g3 A e

B Ol phee 3 il y sl 2.6

Waiting and Signaling on Condition Variables
Z RGN RS PR

pthread cond wait (condition,mutex)

pthread cond signal (condition)

pthread cond broadcast (condition)

aldsein M 3.&.1)19 1.2.6

calling ) saiwadl il jasy pthread cond wait() g o

e Gl 1 . (condition is signaled) sasal) b il g8a%y s (thread
sy e g Ly LUK mutex sy clilie mutex ¢sS Ladis o3 sl
Al Laod gy pdlioys (WAL mutex ($lizw adl Blidu) g 5 LY Kl
Ada bl gih Ladiemutex b oo ¥ sua Tl )9S
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Jaad)l Ga daday

slexi ) o2 mutex — (unlock) i35 — 8 ) Zdl .
O o Il s TR 8 pthread cond signal ()

(Ssaaa JBy) JLaYL s Jery s pthread cond wait ()

(Aad) ol yiia ol adidl) (e Jia R
Oliaaty Jeo )38 Jagidd) oda cpa 0l agad ADE pLdily a8l JU 122 G
Adsa 4ad count el Juay sl GG ki) .count il

176



#include <pthread.h>
#include <stdio.h>
#include <stdlib.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 mutex;
pthread cond_t count_threshold cv;

void *inc_count(void *t)
{

int 1i;

long my id = (long)t;

for (i=0; i<TCOUNT; i++) {
pthread mutex lock (&count mutex) ;
count++;

/*

Check the value of count and signal
waiting thread when condition is

reached. Note that this occurs while
mutex is locked.

*/

if (count == COUNT_LIMIT) ({

pthread cond signal (&count_ threshold cv);
printf ("inc_count(): thread %1d, count
= %d Threshold reached.\n",
my id, count);
}

printf ("inc count(): thread %1ld, count =
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$d, unlocking mutex\n",
my id, count);
pthread mutex unlock (&count mutex) ;

/* Do some "work" so threads can
alternate on mutex lock */
sleep (1) ;
}
pthread exit (NULL) ;

}

void *watch count(void *t)

{
long my id = (long)t;

printf ("Starting watch count(): thread
$1ld\n", my id);

/*
Lock mutex and wait for signal. Note that
the pthread cond wait
routine will automatically and atomically
unlock mutex while it waits.
Also, note that if COUNT LIMIT is reached
before this routine is run by
the waiting thread, the loop will be
skipped to prevent pthread cond wait
from never returning.
*/
pthread mutex lock (&count mutex) ;
if (count<COUNT LIMIT) ({
pthread cond wait(&count_ threshold cv,
&count mutex) ;
printf ("watch_count(): thread %1d
Condition signal received.\n", my id);
count += 125;
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printf ("watch_count(): thread %1ld count
now = %d.\n", my id, count);
}
pthread mutex unlock (&count_ mutex) ;
pthread exit (NULL) ;

}

int main (int argc, char *argv([])
{
int i, rc;
long tl1l=1, t2=2, t3=3;
pthread t threads[3];
pthread attr t attr;

/* Initialize mutex and condition wvariable
objects */

pthread mutex init(&count mutex, NULL) ;

pthread cond init (&count_ threshold cv,
NULL) ;

/* For portability, explicitly create
threads in a joinable state */

pthread attr_init(&attr);

pthread attr setdetachstate(&attr,
PTHREAD_CREATE_JOINABLE);

pthread create(&threads[0], &attr,
watch count, (void *)tl);

pthread create (&threads[1l], &attr,
inc_count, (void *)t2);

pthread create (&threads[2], &attr,
inc_count, (void *)t3);

/* Wait for all threads to complete */

for (i=0; i<NUM THREADS; i++) {
pthread join(threads[i], NULL);

}
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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);
pthread exit (NULL) ;

gﬂleﬂﬁilﬂui

I Oy Wy A Laida ga Al ) el Jas Ak g ) .1
.mutexes

Ad ) @ pital) padip el b dadiiaad) cligg ) Gas) 2
A i) ) piall jaadiy sl b it aladi A8y sk kg .3
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#include <stdio.h>
#include <stdlib.h>
#include <pthread.h>

void *print message function( void *ptr );

main ()

{
pthread t threadl, thread2;
char *messagel = "Thread 1";
char *message2 = "Thread 2";
int iretl, iret2;

/* Create independent threads each of which will execute
function */

iretl = pthread create( &threadl, NULL,
print message function, (void*) messagel) ;

iret2 = pthread create( &thread2, NULL,
print _message function, (void*) message2) ;

/* Wait till threads are complete before main continues.
Unless we */

/* wait we run the risk of executing an exit which will
terminate */

/* the process and all threads before the threads have
completed. */

pthread join( threadl, NULL);
pthread join( thread2, NULL);

printf ("Thread 1 returns: %d\n",iretl);
printf ("Thread 2 returns: %d\n",iret2);
exit(0);

void *print message function( void *ptr )
char *message;

message = (char *) ptr;
printf ("%$s \n", message);

185



DA e Al g8 Gigus

Thread 1
Thread 2
Thread 1 returns: 0
Thread 2 returns: 0

POSIX
pthread mutex lock (m)
pthread mutex unlock (m)
Win32
WaitForSingleObject (m)
ReleaseMutex (m)

0S/2
DosRequestMutexSem (m)

DosReleaseMutexSem (m)

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

void *functionC() ;
pthread mutex t mutexl =
int counter 0;

main ()

{
int recl, rc2;
pthread t threadl, thread2;

/* Create independent threads each
functionC */

if( (rcl=pthread create( &threadl,
{

printf ("Thread creation failed:

}

if( (rc2=pthread create( &thread2,
{

printf ("Thread creation failed:

186
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PTHREAD MUTEX INITIALIZER;

of which will execute

NULL, &functionC, NULL)) )
$d\n", rcl);
NULL, &functionC, NULL)) )
$d\n", rc2);



}

/* Wait till threads are complete before main continues.
Unless we */

/* wait we run the risk of executing an exit which will
terminate */

/* the process and all threads before the threads have
completed. */

pthread join( threadl, NULL);
pthread join( thread2, NULL);

exit(0);
}

void *functionC()

{
pthread mutex lock( &mutexl );
counter++;
printf ("Counter value: %d\n", counter);
pthread mutex unlock( &mutexl );

DA sl e Aol oy eSh O g

Counter value: 1
Counter value: 2
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POSIX Standard: www.unix.org/version3/ieee std.html
"Pthreads Programming''. B. Nichols et al. O'Reilly and
Associates.

"Threads Primer'". B. Lewis and D. Berg. Prentice Hall
Programming With POSIX Threads". D. Butenhof. Addison
Wesley

www.awl.com/cseng/titles/0-201-63392-2

Pthreads tutorial , https://computing.linl.gov/tutorials/pthreads/
POSIX thread (pthread) libraries,
http://www.yolinux.com/TUTORIALS/LinuxTutorialPosixThrea
ds.html
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T1: balance = getBalance(loan1l)

T1: rate = getRate(loanl)

T2: balance = getBalance(loan2)
T1: setBalance(loanl, balance * (1.0 + rate))
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T1 T2

Void foo(){ Void foo(){
X++; Y++;

Y =x; X+=3;

} }
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AByphl) odgy Aleall B L e pie JS (e Al Jealin cdy &) pital)
1 A Al A (computational) clleall ¢ dulgd daud bl S alicuw
-(region) Jlaal)

Aoyl 5yl el Letas¥l ae OpenMP aviiis cass 7580

§ penMP 2 (Load Balancing) Jest! x5 @i causo iy .2

(thread scheduling) da 331 Lgux agedn miss .3
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OpenMP 7\ , .3

:Fuﬂn {.L.Jl A

C / C++ - General Code Structure
#include <omp.h>

main () {
int varl, var2, var3;

Serial code

Beginning of parallel section. Fork a team of threads.
Specify variable scoping

#pragma omp parallel private(varl, var2) shared(var3)

{

Parallel section executed by all threads

All threads join master thread and disband

}

Resume serial code
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Serial Region

Parallel for Region
with 4 Threads

=

Serial Region
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OpenMP <l 30 1.3

OpenMP Directives
tdolall Lyl
#pragma omp directive-name [clause,...] Newline
Required for all | A valid Optional. Required.
OpenMP C/C++ | OpenMP Clauses can be | Precedes the
directives. directive. Must | in any order, structured
appear after the and repeated as | block which
pragma and necessary unless | is enclosed by
before any otherwise this directive.
clauses. restricted.
1 e

#pragma omp parallel default(shared)
private (beta,pi)

dila aadiy By ((task parallelism) algad s gin o )53l OpenMP ig
-kl 2 55i loop
(loded) (g0l galiyy 5o0d ag caby 100 paad C 4y 584 o 4 5 ad)
Afla A e IS aan alw Gua
int main(int argc, int *argv[]) {
int i, intArray[100], sum = 0;
initArray(intArray, 100);
for (i=0;i<100;i++) {
sum = sum + intArray|i]; L]

1[]
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UiCe e clales dagf 4 isala o o)) silly odel B a0 b
chgd day ) Wl g% Millyg (Sl gllaa (B) 230 (25) pany Jad JS Jea
g 33 Ja S
Pl o ghia Coa
(335 25 pa) s alga gl A (3 100 aen) Alead) aris @
(fork — hgd ) bl o daga S 255 @
gllas b bl JS 245 @
(join — gulilll arend) dailll areaxi @
D o il AN Jpaan dy bgdl) puaxi @
ALl kb ogiin OpenMP o () silly 3 o3ef Aualial 5 &) Jpamil
ALY ML aajiall Jead Ay odel 84U (directives) cilgage AU
Pl
sl sl 1y 385 aa el A5 :#pargma parallel for @
e g8 A0 Jae te ¢lid) :#pragma threadprivate(i) @
24 N0 e 0sSS Y pllaally Sl mllaa 08 B dad cilidd)
S Ay T4 Y50 Ge Gl 49 LY 25 (e (S5 AU gllaallyg
(99 ) 75 o
(@l JS sum l,,\h.n ) Jida (44 ffpragma reduction(+:sum) ©
G e dag DU Al all S ppedyy (Al Aled o Juaaiy
LAY ml) Jdo Juaadl + Adead) aladiuly Lrany g sSum
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:(*,L,usms:u&.,;\jw LA

int main(int argc, int *argv[]) {
int i, intArray[100];
int sum =0;
/* Store some values in intArray. */
initArray(intArray, 100);
#pragma parallel for /* Make for loop a parallel region*/
#pragma threadprivate(i)
#pragma reduction(+: sum)
for (i=0;i<100;i++) {
sum = sum + intArraylil;
}
}
il il B 4 Aadl) pdg o A melind 1l 3dE g8
e o)l sl 1 iE 8 W pasll OMP_NUM_THREADS
Jagd day
s L5 573 LS sl i ) ickes e OPENMP s ¢yl 5052 O
a3 2y (Forkl/join

) 3 9 Jady ali ) fay @

(fork) dse i hgAl ga e el BAY i Ag @

i) T aa o ) gy AdliAe ciladlaa (B 30 gall Jagdd) Juns @

(IS s Al A8y il bl 430 1Y @

bagaall S jadig qiliil) aand cdglenl) JLaiS) alyg cdagdd) JS Jaisi Laaie ©

cai ) e La
OpenMP 4 agfi (a5 Ao g giad lgasaady lagdll adl ide ®
Al Al e panl
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Sequertial Execution
on a single thread

&
.l
o
T
|_ 1 1 1
= | for (1=0; 1<1000; 1++)
E dazt[i] = srsl[i]%2128 ¢+ sref[1]!
=
v
End - Resull
Executian .
dthreads hiread 1

Far (~=0: 1<2R0; 1++4)
Fork dest[i] = srel[i]+128
[T T | '|swart Threadz
| | | | for (73=250: 3<B00: 3++)
deat[j] = arcl[j]*128
Thread 3

far (k=50C; k<750: k++)
11 deat[k] = arcl[k]+128

for (_=75C: 1<1000: 1++)

Join doet[l] = ercl[l]%128

ialal g

MASTER THREAD

Y

End - Result
209
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ae=2[i];

apz2[]]

ae=2[k]:

eeaz[l];
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¥
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ty 5 e oS 2.3

hgdl) slid) bl alalaal) s o adiy By S A bgdll s
s g ALD clallaal) il 1Y) Syl Uy 5kt ¥ gl asead day W ety
pLERY paiiul Gl () Qs (Y (Jobd Wy 350 Gkt sl Jagidd)
O Adlily Jaaad g Bia cliles callaly JUEEN) 138 o cdagaddl G JEEN) g Ja gail
394 g
Ll Gasly Adee o Jaad bgdll O o Ly 2 dalgd) Sacll)
3 clallaal) e @) LalS g pllaa JS (A sl gl Jads 4G Aty Baaly
o gdl) aae
il) aidl aaiius OpenMP 4 cles fidl Glgagae  aliea
ax vl OMP_NUM_THREADS _~«4) (environment varaible)
AN ANl b gl aae B aSadl) GliSa; . Wap L) 3y 5 Al Ja gl
// Get the number of processors in this system
int iCPU = omp_get_num_procs();
// Now set the number of threads
omp_set_num_threads(iCPU);
Al aladiad) L5 Y i 1Y JCPU el b ded ol pay oSa
omp_set_ num_threads )y slexi) di<ays .mp_get num_procs()
OpenMP axiiau A)aY o2a asdiad al 1Y) &l il (e 5o ¢ 5ol B 4 55 Las
:OMP_NUM_THREADS Ax) iial)
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¢ 16l for ) i) A6 e

i WS visual c++ o Jard Gl JUhal) delua aail
omp_set num threads(threads) ;

int i, intArray[100];

int sum =0;

/* Store some values in intArray. */
initArray(intArray, 100);

#pragma omp parallel for
#pragma threadprivate(i)
#pragma reduction(+: sum)
for (i=0;i<100;i++) {
sum = sum + intArraylil;

}
}
¢l AL ) sl Jaal #pragma omp parallel 4agall Leadia) U

.omp_set_num_threads(threads) 4l dac) g3 daaall Jogudl) 23 Caa

& 34 OpenMP aladiclyy cdladodall 48kl malipdl 134 385
¥l gl O el (B B s sdaia caula (5 ja g cdal g pllaa o3 Gl
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b sus B 20 3.3

Al Jad LAY Jagadd) ase db el 40N DA plosiod ey (u A gl
oY)

int omp_get thread num();.

Basia gf ¢8)gil) Baseie ciluwlad) (e BALELLY) dliSay OpenMP aladinly

Blei Ala ol pllae Al 53 Gaala LAl S gy Aa (e Sl Gt L clallaal
danaje dlta g (B a8 Aol B b pddiey (paS (jeSing Ada yiiud ol
L3kl Bamag

. OpenMP galiyd alall Jem ill cigo .1 Q

OpenMP cilga sl Zoladl dapall 7l 2

apexilly ! ddee e OpenMP e s il 3

.(fork/join)
QL‘:-JLal‘ AL 9 Ja_,,.l:n_" Al u:.n 13)\.:." é'c} 4

O St Jan Sl dogail e sasd Al Al Cassl .6
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o3

: dagall OpenMP cilga ga (arg Baa gl o o —

(e a3e aladiuly (o 3l il 0 285 & 53 (block of code) 8 A (ud Parallel
b gl
independent ) Lgany o Sadine f 1gh) ) S5 ABla G For

¢l Wit hgd Bae o Lgawdi (Say (iterations

OB fa O 5a aladid Parallel for

) silly 3k 4B (series of blocks) <l S& (e Aludus (Gaus Sections
U fa (g g4l i Parallel

sections

A ahia (Bl Critical

caa) g Jad Aau) o LAES 3 43 (code block) 38 (guud single

tdalgd OpenMP J) g2 (arg Baa gl cula o —

A4 1) quulall A (CPUs) cladlaall dae Lidaes Omp_get num_procs
SEPERRTY

* (active threads) Aladl) Jagdl) dae Lidaes Omp_get num_threads

(current region) 4akial o3a

thread ) LAl i, i ?5 ) Lidasy Omp_get thread num

(identification number

b LT &y 5 Al bagdd) dae sy Al med Omp_set num_threads
388 (G o sl

bagad uad Oy i (AS jidial) 5S4 <l LYY g OpenM  Bas gl cuiy -
28 gal Jpagl) Al B mllae o aodaion g < e B & LAY clalles Bas b
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Ofa Ll 13 cclallaal) S Ad LA Jaa) g U gie dlia of ol Lo 50040
A i) @ paial) e bl Jals e clallaall
:od (for loop) 4&lal) i <5 A& & gaal) <l LA Saa gl cuatd —
Ugaa) Adls (0) dasi o () bgadd) A8y JEILy Alla (o) 3D kAl Js-
.(static scheduling 4islu
Glilal e dils (0) i :(dynamic scheduling) 4Sialiall Agaal) -
(idle) Aklall b s, Al 33 a1 3
Glals axe 4yl) sl adee (50 bd JS :Guided scheduling -«
Jagdll ase o Lo gudia ALY il sse 5 b
(fork/join) gl g g il Llee o saiai OpenMP (f 5aa gl @83 —
Cra 138 i) Bl 138 Algy — ey 2a)g dady mabipal) Ty SV A
e sl dlida clallaa A Salgall bgddl Jaxi —(fork) de jdll hgdl
J8 g Latie — JuIE n dagd) Aoy T il g 1) = oaasd 5l
ddes — i) 138 Le hagadl) S jadiy gl pand dgleadl JLaiS) alyg ko gl
o Jpasll OpenMP 4 assi (W3 o 5 iad lgasaaly hgdl)
i) Ay
A AN dagdl) s B aSal) Say Ad) Ban gl caliag -
// Get the number of processors in this systemﬂ
int iCPU = omp_get_num_procs();
// Now set the number of threads

omp_set_num_threads(iCPU);
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I d ) e Ais s

alaAi iy 13y (AS il 3913 daayy Ao @S ABlad) clas gl S
Gaaniiw Lo 13 LAS ik 5803 L o A conad gad) ol 13l 081 cdagadd)
JO aladi iy Ao jaal) 5813 Agapy il i AU angl) B Ale
Ay A a g cdlaall 130 B cliSall gl (e At padiudig (Jila
(MPI) "Jia )l ks
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Slg yodl Sl

(1) s
#include <stdio.h>
#include <omp.h>
main () {
int a[2]={-1,-1};
#pragma omp parallel
{
a[omp get thread num()] = omp_get thread num();
}
printf("a[0] = %d, a[l] = %d",a[0],a[l]);
(2)

by g il (0) iy b S (static scheduling) S Uau 1

A () JoS Ol 4) b st d

O e Al (0) wews ;(dynamic  scheduling) &St & yus-1 2
(ddley Ubw b gl dis | I

Jlee
1 /)= e
2. #include <omp.h>
3. #include <valarray>
4. #define N 1000
5. #define CHUNKSIZE 100
6.
7. int main() {
8. int i,chunk;
9. std: :valarray<double> a(N) ;
10. std: :valarray<double> b(N) ;
11. std: :valarray<double> c(N) ;
12.
13. for(i=0; i<N; i++) a[ i ] =Db[ i ] =i *1.0;
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14. chunk = CHUNKSIZE;

16. #pragma omp parallel shared(a,b,c,chunk) private (i) {
17. #pragma omp for schedule (dynamic,chunk) nowait
18. for (1i=0; i<N; i++) c[ i ] =al 1 ] + b[ 1 1;

«ie Y static s o) oS dynamic glsa i *
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Sldlaall 3 ot
OpenMP <
BogaY) o daall diy bl daddiaadl 5okY aaf OpenMP s
o L) gl Aaajll (API) daay dgaly g8 cus (ASjdal) 593 @il
35l Bamia clwdally (multiprocessors) <lalleall Samia clulall
compiler ) clex el clga g a4 gana (e Gl a4 .(multi-core)
sy e 4Sa g ((directives
o il ae Lglee 40lSd 5 Lgaladin) A ggad OpenMP il
L cclall) ol s lgaladind ¢S4y éun JFortran g «C++ (C Jia cclall
.Visual studio.Net Ja)s Liscae Lol
OpenMP 4 (Load Balancing) Jeal) aojs8
(g sl Cladlaal)l G algad) 2568 g Coa cCladlaal) G ) 208 2

(Jad) (a gludia s 5 gl S (Lu) QsSs Cuny
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8\}\

POSIX Standard: www.unix.org/version3/ieee std.html
"Pthreads Programming''. B. Nichols et al. O'Reilly and
Associates.

"Threads Primer'". B. Lewis and D. Berg. Prentice Hall
Programming With POSIX Threads". D. Butenhof. Addison
Wesley

www.awl.com/cseng/titles/0-201-63392-2

Pthreads tutorial , https://computing.linl.gov/tutorials/pthreads/
POSIX thread (pthread) libraries,
http://www.yolinux.com/TUTORIALS/LinuxTutorialPosixThrea
ds.html
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Cluster Programming




S I Sy

dadal £ 5 gal)
223 dadial)
223 g
224 Bas gl il
225 Ak g5
227 MPI s 54 .1
228 dara A8 2
228 a=ali Jg 1.2
229 AN gali ) 2.2
234 G gl ) 3.2
238 aa .3
243 MPI b Sila ) Jobs .4
243 Jsaall Jlay 1.4
245 SLEay) 2.4
247 (Jsaaall 5€) el il & Jlad) 3.4
250 duadial)
252 Al Sas gl ¢ Abpa daal
253 Gl il clila)
255 lathaall 3 s
256 s

222




doddll

s

'3 Aol b’ e (e ALal Bangll B cpu ) @ uie s Lasa
dasgll oda amadi a3 " clusters programming il daayd ) s Y
| A A5Sa) g MPI g 03 any Lgia J o) L) oled dna i Y
o ) B Gany ga i AAY Al B Ll Jals B Asadiua)
Ogis cad Gl aull) il cpaadl) 4 sl Aaa ) aalia gl g Ly
G Al lea g el sl uld ok sl (aaiud Ady sl Gl
ALl Aa g el Ay
Jua) e Gaaiin Ua g (MPI B Jiba ) Jabs Sl a¥) g ad ) andl) B
(Jsaaadl ) el el i Jlal) (Allya (o par g GUIAY) ¢ gaaal
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OS5 o (A Ban gl oda Aad ja (e GBI E aay (A g 5ue
i Sl Lalé
A ) MPI J) g2 (0 paany S35 @
MPI b cll) gl ams @
MPI 2 4 J) 5y cldes gl o agi @
MPI 8 (a3l (ull Jlga Ski @
Jalall A Ll dapal) iss o
alid) B pliaadiuall JLELN) 5 Jua Y Al g s @
L GUEAY) il (g plany SK @
.MPI_Send 4l dalal) dapall i<i @
.MPI_Recv dlall Lalal) dipall <5 @
saaall Ol U dalal) dipal) qucs o
eaaal e JLEial dalal) dduall ciss @
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ib g

A i) 3,800 Aoy Ao @S, ARl claa gl JS (o)Al s ule
o Blad) Jia elld o daa y A ladialy Gl (ST o) g dagadd) aladinly elld g
Oy 1 (<15 .OpenMP  Pthreads J—ie d—aap 4all dilas di<a
bl (A Jpall 911 3 Gued gall) AS jidia 3803 L Gl A Gased gl
ARl de jgall 3910 Aaay oo Lin idaiin dua il 13gd Ciela Baa gl
i b cliCd) il e 4 asdiaing (Message Passing) Jibu b Jobs
& aid] MPI e (=0l 5 'Sl ) JolS Agal 5" AiSa a9 YT (Jlaal)
.Message Passing Interface <lalsll

Processor
Processor Processor
Memory
Memory Memory
Processor Processor
Interconnection
Network
Memory Memory
Processor Processor
Processor
Memory Memory
Memory

Gl gad) Baana 5 gl of Slial) o Wipa s B L5 0

i b 8 qula J8 08l gy Al ja qund 3 A (multicomputer)
Oa Gl Jals e A e i) A & LAY qand sadl 238 i) 135 gy
«(super computers) 4s —ull AW Curd gad) cCand sad) daaia 5 gl ALia]
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LS dgale clgad ¢Say W o) ¥ sl adla il g a0 ALy alad LaS g
Ay dgalal) Lol Gued sal) (4 4 gana by (Say G oJa g AL (Sl
Ga Al gl ) pary ity dllg Ao ) (Gl G galas Jaxil Lgiingh g day
LA cou—d gall Badata 3 gal) Alhal (e Lad .MPT Jibuyd Jals dgal g Ledn
A ardind B g (cluster) pass Ulal e o) 558 Ao pudl G Ggulal)
adai aaiind Cua (Beowulf aand Ud ooy 38y desiiue il Lapadl) § 3gaY)
i) .13 AL caail) 4GS Jaay Lee cdlld B ilaag jiuaall da gide Jidi
SUA ¢y 9 Ary o Alaa Aady 3 34aY) Jay 5 ua caal g olSa B S O
G Ll La 3,85 8 3¢90 4y ¢80 Lady cpanadl e Jalaill S o) qagula
Jeil ) Alddal) cilbaall lilE ) gliad ¥ e 5 couud gall 038 (e il

(o

— compute nodes
0 front node

main node \

/ switch
ZE==2sS

oY) Lany addid A aaniS Jaail Apale Adae ALl Aigs AiSe Liay
bl padiuy 1) paailly Afal aaail) cp @A Al alga Jlu) g aSaill
by il danall JalS clila) (o i JY o) 98 Basase Adas A0 B
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L aie) Lgdhat By (o il (AUl g 0 Lgadiiay cuand ga addiay G
pllaall plia ¥ a8 ge bl o S Lgatdine (158 Latie ¢ 2 Lgle 058 Y

Jas S A
Mol Jidi alii Lgd i g duilatia qud g3 (4 geaadl) (oS5 Bale
.visual studio 2008 & MPI alaiiu g 4igs 4dS oo Gala Allia (S

MPI s 85 .1

Ll aa e g cJiad ol B Aardisall | Las) i) Ag<al
o eladiul Sayg .Visual C++. Net 5 Fortran 3y C Jia <lalll ¢y
Badiall cilbulall (pa Wl g dalaall CASEY ¢ (clusters) cilaaxill daa

& Parallel Virtual Machine (PVM) _yshi i cilidlddl) a4 3
Gyl Al (1992 & MPI ylas pag iy a3 (Oak Ridge rasdl Jaral
1997 ale B sials A0l Aild) il (1994 B Lhe Jg¥) Aaa
Jas Jlaa (B Laladiad g )Ll ASY) g A ) A5Sa) A a gl MPI Casal g
il
O AN 125 o i la o g siad Ll a8 ) dun Algag Akt MPT il

PRy e Ay J) g0 Gy Sl Jab clisay
MPI_INIT
MPI_FINALIZE
MPI_COMM _SIZE
MPI_COMM_RANK
MPI_SEND
MPI_RECV

Ay Lganagi aa (g Al Jgag JIsall oda (o Basgl oy Ay B Giaaiia
el B Ay gial) daa gl asblia g g dsa
227



- £

D g g A

MPI (e 5 paiia 335 36 .1 || €@
A ) MPI Jga (e plany 8 .2

72U sl 1.2

“mpi.h“#include

#include <stdio.h>

int main(int argc, char *argv(])
{
MPI_Init(&argce, &argv);
printf(“Hello, world!\n”);
MPI_Finalize();

Return 0;

s3] C.,.ti D s R

dul) MPT g) sl g cliy 3 465 : #include “mpi.h”  °

b B geadindl MPI 4dgs :MPI_Init  °

MPI zelis ks Al 3 gal) a3 :MPI_Finalize

JS (B Adus ity dlaa (MPI clisig) ) s AY) cligigV JS s
Aol J8 B Alay adas printf Mia dles

(glady Lidl s & MPI_SUCCESS (return) hai MPI Jigs *
el Al arind madi ol 1Y) L

.(abort) clle) JS Gl g b quudy Ud of Ll @1

228




error ) 4y Laldl) eladl) Joli clisg) 4l 0s8 o OSar asdiand) o
.(handling routines
Cra Lgliaad oayg i i) Ao 4alia custom error handlers <ilia e
LSllia
odef gali pl) b Aaddiuad) MPT ) g8 7 i R
(MPI gl B 4ilesiad caa Oigy Jgf 2 MPL Init 4y oy, @
toh ) 13 Aalall dipeal) (hadth Baa) 93 ja S iy
MPI_Init(&argce, &argv);
ashy shg Adledin) Al owigy Al ¢ MPI_Finalize W) oy, o
(oniosl) 13 Aigea 30010 i galipl) Aol gy W Jaa ai A 3 gall el
A

e MPI Finalize();

%’;\.‘:.“ @Uﬂj\ 2.2

#include <mpi.h>

#include <stdio.h>

int main(int argc, char *argv(])
{
int rank, size;

MPI_Init(&arge, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);
printf(""I am %d of %d\n", rank, size);
MPI_Finalize();

return 0;

}
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Tl ¢ s 5

active ) Ad Ldee JS muaic MPI_Init 380 MPI ¢ Lesic
=~ (communicator) Jwaia aadae A gac (process
(AS (communicator) gaiaell 13 by s .MPI_COMM_WORLD
MPI_COMM_WORLD .4 glac¥) cilland) o Jibw ) Jalill ddy g
i g plinad LS 5a 5 . Lilaa Ale Jguanl) liSey 53 oo 581 painal 52
Al cle gana ) cilblend) A5 5a0 @i 1Y) daldl) clileaiag g Uy (Sayg
Bl g les (g) diny e bl (S 1 (e qinal 313 cllen)
Lei) dalen) aladind a8 (1-0 9 shea) O BuuSie e Bajde 4 Wl O sSaw
e A ga A by ol Jas ] Ad jal
48 pal Sia cpainall & dlaal) 4 43 2l MPI_Comm_rank 4a) aadiud
;A Y cisi MPI_COMM_WORLD  gaiaall A dlaad) 435
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
rank psial 345 )l a8 0 Sn dua
@ clblall s 48 pdd MPI_Comm_Size gl sledinl oS Al
aaiaall A Bagagall cllaall dae 4l Mia -(communicator) aaisal
: Y Qi<iw MPI. COMM_WORLD
MPI_Comm_size(MPI_COMM_WORLD, &size);
size aial & cllel) de gl dua
oY)
printf("T am %d of %d\n", rank, size);
pad) B Bagmsad cblel aey e 8 A, deldy e
.MPI_COMM_WORLD

230



. Communicator Name
Communicator,_

Processes .

st finalize 5 init J)gl aladiad g (odley) Lds Jlha g
CH 4 3 C
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(Circuit Satisfiability ) CI! meb 11 3.2
o=
—%.
o

a Hh D -1 1] [

Lo
: s

iy Y A satisfiable 533 o3l JSA&N Ja Gijed of a0 galind 18 B
1 Aadl) i Ledlaaa ¢l 1Y) satisfiable LWl 5 0 e
(16) & 5 cOEse o Loy cAddaall cNLaaY) JS ot Aluall o2y Jad
danly o 1 ha 038 o oSa Jane JS g o(eSel JSAl LB LS p U a () Jata
JS L) LiSey o Laa) (Say Jaaa (16 548U 4o g 5 2) 65,536 clllia ol
O aad Aaga JS (oL Jsdl) o) silly (.g_m pda LU (dega B CDAM
LESA 03 aay ol (1) o Lol ) cdlaaa A
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o Lgrst agd B S lgall o Layg Lg Lad Juall ) gliad ¥ algal) o3
Ll oS 1Y Mia «Cyclic (interleaved) Allocation 4d; ks daliad) cilallaal)
oo Moiua 98 o (Lha aB)) AN Llaall (Sad ccliles (6) Loga (20)
Adaa g (17613619 algall (8 A gosa (585 Al Aleadl s (0461218 plgal
o8 Awaldl) Llaadly 369015 oo Al dglaally (268¢14 oo Al giuea AN

511617 oo dutlad 410416

IS ¢ oS a gl O Aaga (12) 5 wlidas (5) Ll ¢S 1Y) Lia
® Py:0,5,10

& P:1,6,11
& P27
® P;:3,8
® P49

15 )

#include <mpi.h>
#include <stdio.h>

int main (int argc, char *argv|]) {
int i;
int id;
int p;
void check_circuit (int, int);

MPI_Init (&arge, &argv);
MPI_Comm_rank

(MPI_COMM_WORLD, &id);
MPI Comm_size
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(MPI_COMM_WORLD, &p);

for (i = id; i < 65536; i +=p)
check circuit (id, i);

printf ('""Process %d is done\n", id);
fflush (stdout);

MPI_Finalize();

return 0;

h

todlef galil) A dasiicial) check_circuit 4

/* Return 1 if 'i'th bit of 'n' is 1; 0 otherwise */
#define EXTRACT BIT(n,i) (n&(1<<i))?1:0)
void check_circuit (int id, int z) {
int v[16]; /* Each element is a bit of z */
int i;
for (i=0; i <16; i++) v[i] = EXTRACT _BIT(z,i);
if (VO] [[ v[1]) && (tv[1] | 'vI3]) && (vI2] || vI3])
&& (V3] || tv[4]) && (vI[4] || tvIS])
&& (v[S] || tvI6]) && (vIS] || vI6])
&& (v[6] [ 'v[1S]) && (v[7] || IvI8])
&& (V[T || 'v[13]) && (vI8] || vI9)
&& (v[8] || 'v[9]) && (!v[9] || v[10])
&& (v[9] || v[11]) && (v[10] || v[11])
&& (v[12] || v[13]) && (v[13] || 'v[14])
&& (v[14] || v[15])) {
printf (" %d)
% d%d%d%d% d%d% d%d% d%d% d%d % d%d% d%d\n",
id,
vI0L,v[1],v[2],vI3],vI4],VIS],v[6],v[7],vI8],v[9],
v[10],v[11],v[12],v[13],v[14],v[15]);
fflush (stdout);
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sa) g gellea b gali ) 35 @

% mpirun -np 1 sat
0) 1010111110011001
0) 0110111110011001
0) 1110111110011001
0) 1010111111011001
0) 0110111111011001
0) 1110111111011001
0) 1010111110111001
0) 0110111110111001
0) 1110111110111001
Process 0 is done

clalias ENG b ali ) LA @

% mpirun -np 3 sat
0) 0110111110011001
0) 1110111111011001
2)1010111110011001
1) 1110111110011001
1) 1010111111011001
1) 0110111110111001
0) 1010111110111001
2) 0110111111011001
2) 1110111110111001
Process 1 is done
Process 2 is done
Process 0 is done

el 7yl @
int id; /* Process rank */
int p; /* Number of processes

P e ad) B a0 (S Ades J8 B Adiud Lgda 09 @l pdiall o2
MPI_Comm_rank (MPI_COMM_WORLD, &id);
MPI_Comm_size (MPI_COMM_WORLD, &p);
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;A4 YL (Cyclic Allocation of Work) clilad o algal) ao s
for (i =id; i < 65536; i +=p)
check circuit (id, i);

Ll ¢ 5Siu % mpirun -np 1 sat ¥4 sl pllee o malipdl 3di A B
i Al g . (Id=0) Jiwa s dilaad) 038 455 aBy9 (1 A p daf) Saal g diles
sl g dlead algal 8
p=3 (58 (% mpirun -np 3 sat) clle E3 cllal s saad Lais U
Adaall 16407 algall iy (A dnalall .06 (3 (0 algall Nodud il
S A aghy Lat3ng o8 (265 algal ARIAN Abaal) ol oS Lab (Al
for (i=1id; i < 655365 i +=p)

Grbed) alipgll ghai

0385 A el 38 Gany | pite dipdal of Uaj 1Y ) gabipl) b
el 13 il el ) b il (e 43 ((Jglall xe)  satisifiable 3,9
codal) 13 (B Lgtila) g (Jaladl Lgde panad cllend) S aa dday )

| e Chsdaiuag chples S Jsla a0 4 Biadl solutions | s cisdain
fl LS Lagde Glaiag (Jslal) JS £ gana 430 aall global_solutions Al
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int solutions;
int global_solutions;

DAl dagii cils 13 1 dagdl) Wbail check circut Aal Joad e AN Lad
AN g 1N ((not satisfy) dd e Aagil) cils 1Y) | iy (satisfy) (1)
check circut(int, int)

b LS sl s gali ) (15Som

#include <mpi.h>
#include <stdio.h>

int main (int argce, char *argv]]) {
int i;
int id;
int p;
int solutions, global solutions;
int check circuit (int, int);

MPI_Init (&arge, &argv);
MPI_Comm_rank (MPI_COMM_WORLD, &id);
MPI_Comm_size (MPI_COMM_WORLD, &p);

solutions = 0;
for (i =id; i < 65536; i +=p)
solutions += check circuit (id, i);

MPI_Reduce (&solutions, &global_solutions, 1, MPI_INT,
MPI_SUM, 0, MPI_COMM_WORLD);

printf (""Process %d is done\n", id);

fflush (stdout);

MPI_Finalize();
if (id == 0) printf(“There are %d different solutions \n”,
global solutions);

return 0;
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gé el g eUadY) dallaa pladiad oty (S ruda gy el S EI

.mpiJ

MPI_Reduce 4.3

int MPI_Reduce (

void *operand, /* addr of 1st reduction element */
void *result, /* addr of 1st reduction result */
int count, /* reductions to perform */
MPI_Datatype type, /* type of elements */
MPI_Op operator, /* reduction operator */
int root, /* process getting result(s) */
MPI_Comm comm /* communicator */

)

(reduction ) J) 34 J¥) paisd) ¢\Sa :(operand) Js¥) Jasal o
(reduction) J) 58U A yaill olSa :(result) SG Jisd e
L5 A (reductions) <V AY) s :(count) ANl &GN Jisal) e

Aadadis

g

type of ) LW Ba) &5 A < padall g6 i(type) ad ) JAaal) e
.(elements to be reduced

Jota lUa) s3d% w5 M J) Y £ 55 :(operator) (wadl) Jird e
(OpenMP (& disal cililead) 3y oL

238



K g 0‘959“‘(;35\ dlaal) 45 ‘53\) Ly aal :(l‘OOt) bl JAdal)
.(reductions) <) AN gilis

frist reduction ) J)j5a) A Jgf lSal judy :(result) aludl Jasal) o

.(root process) il &lall Jxa 53 g4 .(result

s ¢ (communicator) aciaall aul :(comm) LAY Jisd e
L FAY) A AL allad) e

MPI_CHAR

MPI_DOUBLE

MPI_FLOAT

MPI_INT

MPI_LONG

MPI_LONG DOUBLE

MPI_SHORT

MPI_UNSIGNED CHAR

MPI_UNSIGNED

MPI_UNSIGNED_LONG

MPI_UNSIGNED SHORT
o Adal) )38 clles ) IMPI
MPI’s built-in reduction operators
MPI_BAND

MPI_BOR

MPI_BXOR

MPI_LAND

MPI_LOR

MPI_LXOR

MPI_MAX
MPI_MAXLOC
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MPI_MIN
MPI_MINLOC
MPI_PROD
MPI_SUM

(benchmarking performance) s (ulé

s i) Ly (e Gl Gles gl sl uld (Gub )
gy ccblanl Aigs A (@ aiaad) (a3 Jalad LiiSey LATY () JEH LALlgS
Gradag Aluduial) 3428 Lo z Al Jad) bl clblall o cLaN)
Aelhy L) 5803 o (el Qi) &8sl 3EE) L5 (5jatuall Gl
g
‘Lt MPI 3 a3l (! cpills elllia

MPI_Wtick — timer resolution
MPI_Wtime — current time

g oAl 13 a8 adai 3 AAN e s ol (B il ) el
fag cilileal) JS of G 5 Ll . A il ¢l quuad A MPI_Wtime eY)
LY ¢ galad galiseh B Dlia .cuany Lo 138 (ud Llee (80 canl g by b i)
DB o) Ay (BSke cla AN s alded) JS old (MPI_Reduce adiiud
L anl) Lguany
MPI_Barrier 44
J# (barrier synchronization) (w3 Jala adiicic 4ASdall oda Jal
Salal 1aa s ik ¥ Alee ol ol aladl aa L A8 MPI_Wtime sle i
GsSiw cillaal) JS G e 3 Galad b Ml 4y clleall 48y Juai o Le
A i Al cBgl) B ulill dadiiud o1 5 AED ¢ ja b
(o ¢ Cakall Aal dalal) Ll
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MPI_Barrier(MPI_Comm comm)
ok LS Sl ARG Jaaady Gl galil) (B g )dl Gald Jes Uiy

double elapsed_time;

MPI_Init (&arge, &argv);
MPI_Barrier (MPI_COMM_WORLD);
elapsed_time =- MPI_Wtime();

MPI_Reduce (&solutions, &global solutions, 1, MPI_INT, MPI_SUM, 0,
MPI_COMM_WORLD);
Elapsed time += MPI Wtime();

MPI_Barrier sJLMPI 4 sy Jalal) e il

AL gl Glaa Dy e siud A (MPI_COMM_WORLD);

i giw MPI_Reduce sledia) 3y celapsed_time = - MPI_Wtime();
103a Jla Aol o Juand 38 LMY ey cdgal

Processors Time (sec)
1 15.93
2 8.38
3 5.86
4 4.60
5 3.77
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T 15 +—— — —

o \ Execution Time
E 11

o Ferfect Speed
E 5 - | mprovement

a . . . :
1 2 3 4 ]
Processors

MPI_Bcast 44
g5l o) S g clly saic (broadcast) ds1d e Ales (Say
e caaiaal) 8 Lgaa 5353 gl Aulend) A (A

MPI_Comm comm;
int array[100];
int root=0;

MPI Bcast( array, 100, MPI_INT, root,
comm) ;

o cblal) 480 (root) il Adedl (e mawa 2 (100) 4e)d cad dua

-(comm) aaliaall
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K ﬁjﬁi i)

MPI 3 el ¢ 150 33 .1 || €9

MPI s i) J1 581 clles )50 83 .2
MPI b ) Gl Y150 833

jalal) Al dalad) Gl CiS) .4

MPI & it ) Jobs 4

(blocking communication) )s==! Jlai¥y! 1.4
Apuldy) 48y phal) o clblaad) G Jilud Juiad g Jla) cou ) s 5use
galind) B Jilyd JiS Al i pudagiar el Jobisl MPT (& dasitonal

i) b Cpatioall JLELAY) g Jlu ) A i S e MY

#include "mpi.h"
main( argc, argv )
int argc;
char **argv;
{
char message[20];
int myrank;
MPI Status status;
MPI Init( &argc, &argv );
MPI Comm rank( MPI_COMM WORLD, &myrank
) ;
if (myrank == 0) /* code for process
zero */
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strcpy (message, "Hello, there");
MPI Send(message, strlen(message),
MPI_CHAR, 1, 99, MPI_COMM WORLD) ;
}
else /* code for process
one */
{
MPI Recv(message, 20, MPI_ CHAR, O,
99, MPI_COMM WORLD, &status);
printf ("received :%s:\n", message);
}
MPI Finalize();

Lleall Dl (myrank = 0) iua ab; Alaadl Ju 3 codef galipd) B
QA £ sig aaay (S oy Eua MPI_SEND Alay aladialy élliy (1) ad,
Alu ) ¢<a) a9 MPI_Send all 441 LAY cdasal) dalugs (buffer)
.( MPI_CHAR 4.l ¢ g ¢ strlen(message)dllull asa cmessage
1 gy (Al Ll el Alendl 455)) Ayl Agay 4 20ad 4 ) (A
(99 sa Al a8, La) moaua a3e a9 (Allall &y i o gie Gualdd) JAal)
Ua) Ayl A Jubiu i) adisadl g aaay gualad JAsd
.(MPI_COMM_WORLD
.MPI_Recv ¥ dhul g Ulu )l (myrank = 1) 1 a8 Lleal) alics
OeAS OlSa) Aaliceal) Dluyll £ oy Johy OlSa aaad JA4Y DAY i)
Jisl) ((MPI_CHAR 4l g4 ¢ 20 Al Jsh cmessage 4llu
oS ) giall Uglha (168 o e &) 99 gy Aalicuall Al ¢ g3 & Y
Jadal) (Al Jla ) Ao b 1) aainal) (ualdl) JAaall L (Jluy) A2
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Jacd | pdisa status s dua chalivall Aluyd oo claglie ey (bl
Status-) Alay) cilu 3 Aded) 45, Jie ccilaghte Jpalii o (g giny
.(>MPI_Source

Juad i Ay k] Doyl HUS1 2 539 MPI_Recv alugl ftaz,

AU gy Uas &vusy o)

(deadlock) Sl 2.4

Jeed) o U Il s o Vaa s 1Y) GUEA) Al b Adenl) e
.MPI_Recv s MPI_Send adiicy gl 4US die L) Ala b g 6 gl)

Alicig b 5 a ¢l hugie Glua Sl clides WAl ol 1Y) Mis
el dad Ganf A0GN dlend) Cllia Laly ca el 4ad Gaal J6Y) dlal)
Olalicg (lides) o AY) dolanll (o JAY) el dagd 56l B Ades JS gliady B
.((Two processes: both receive before send) JLu ¥ J2

W3 A (tag) Al iyt o8 gy Y Gliay) clpwe oo L
JLia) ANy Al iy s a8 ) aa < Jlaa )
dolad Laaie ¢ lbd ddee ) Ala) Llee cdu ) 1Y) GUEA) Gaay 8 Ly
el Alee o Al W3l Ales
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Process h Process i Processg
Compute Compute
Send tg
Compute \ Wait
Receive from i
Compute
Compute
MPI_Send 4all dalal) dipal)
int MPI_Send (
void *message,
int count,
MPI Datatype datatype,
int dest,
int tag,
MPI_Comm comm
)
alt Lalad) 4ua'MPI_Recy
int MPI_Recv (
void *message,
int count,
MPI Datatype datatype,
int source,
int tag,
MPI_Comm comm,

MPI Status *status
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Gt 1) oI A p# S 3.4

Asynchronous (non-blocking) Communication
Jualy) JaiSy o () Q) Jhia)y Jluy) Uies JBIE o Lia

cJaad) JaIS) e 4d el wait JUEIN) A3 aladia) oSy

iR isaaall e Jlw M dalal) dasall
= MPI_Request request

= MPI Isend(&buffer, count, datatype, dest,tag,
COMM, &request)

R Jeaaall e Jliiudd dalal) dasal)
= MPI_Request request;

* int MPI Irecv(&buf, count, datatype, source, tag,
COMM, request)

AU dalal) Lglaaa g« Jua) Jlasy MPT_Wait Allal) asdios
= MPI_Request request;

= MPI_Status status;

= MPI Wait(&request, &status)

request — sl Ala ) JLiS a3 saae MPL_Wait Jl cua
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Jeaaall el Jlal) aladial mud gy o Jlia

#include "mpi.h"

#include <stdio.h>

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

{
int myid, numprocs, left, right;
int buffer[10], buffer2[10];
MPI_Request request, request2;
MPI_Status status;

MPI_Init(&arge,&argv);

MPI_Comm_size(MPI_COMM_WORLD, &numprocs);

MPI_Comm_rank(MPI_COMM_WORLD, &myid);

right = (myid + 1) % numprocs;

left = myid - 1;

if (left < 0)

left = numprocs - 1;

MPI_Irecv(buffer, 10, MPI_INT, left, 123,
MPI_COMM_WORLD, &request);

MPI_Isend(buffer2, 10, MPI_INT, right, 123,
MPI_COMM_WORLD, &request2);

MPI_Wait(&request, &status);

MPI_Wait(&request2, &status);

MPI_Finalize();

return 0;

h

agagall Jisll o ) (MPI dad Jaisi ol 0819 Bas gl clais) )igy

b Jaalilly Wlia i Lpuariy g2 (6) llia o LS LaS oSl han 548 Lgd
)93 Ul a5 e jgal) Al s B dpudal) JlasY agiig Bangll Ay
O Aa of o Jalaill aohaind A5y jhal) odgag clgaliag 8 ol Uy ) A8la) s Al
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Ly lgd dalell dduall o138 ma DA e iy gyl ol 9l A MPI oAl ga
.Mﬁ@&ﬁj&ﬂ\&ﬁ&dﬁ&ﬁhﬂ\bh@ubﬂ\ Qe pa il

bl b liassival) QLB 5 SV s = L L]
L GEAY) e G Lamy <322

MPI_Send aall iula)l dipall (S .3

MPI_Recv alall delall daguall (iS) .4

5

6

ysaaa) e Jle DU dalall Zaall (oK) .
ysanad) e JLEU Lolall dagal) i .
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Lo
S ol g o allaia Gl 0a 085 Bale el of Baagl) iy -
H pilediad as Oligy o 9 MPI_Init 4igs oy G baagl) g —
PR ¢ g ) Jigd dalal) M\\ghﬁﬁ&\\gﬁﬁfﬁuﬂﬁj «MPI g 2
MPI _ Init (&argc, &argv);
aio (p—igy Al 8 MPI _ Finalize sWiN) (g, baasl cua e Al -
B SIAY Jia cgalipll ddaluigy W jaa a3 Al 3 gall Aty agly g g 0le i
Pt o) 1 diga
MPI _ Finalizel);
MPI & cllndl g s saa gl cudde —
MPI_CHAR
MPI_INT
MPI_LONG
MPI_LONG_DOUBLE
MPI_SHORT
MPI_UNSIGNED CHAR
MPI_UNSIGNED
MPI_UNSIGNED_ LONG
MPI_UNSIGNED_ SHORT
MPI & disal J 58y clles g o 5aa gl csie Sl —
MPI’s built-in reduction operators
MPI_BAND
MPI_BOR
MPI_BXOR
MPI_LAND
MPI_LOR
MPI_LXOR
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MPI_MAX
MPI_ MAXLOC

MPI_MIN

MPI_MINLOC

MPI_PROD

MPI_SUM

MDI _ Wtick _ MPT 8 Gai) (bl (pilla Bas gl) uadh —

timer resolutr
MDI _ Wtime _ Current time

DA alal A Adall dasall Baa gl cuk o IS -
MPI _ Berrter (MPI _ Comm comm)
A)all dalel) dasal) 5aa gl Cuda o —
MPI_Barrier(MPI_Comm comm)
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Glids (e A4 5 (Lgilis€ay Grid Computing — Jgliss 4061 5as gl
Grid
g Grid Ak oo AUitwe cilighs cilgal sl Jias
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Slg ydl bl

(1) i

O

e MPI_Init function:
*C: int MPI Init(int* argc, char*** argv)
*C++: void MPI::Init(int& argc, char**g

argv)
void MPI::Init()

* MPI_ Finalize function
*C:int MPI Finalize()
C++:void MPI: :Finalize ()

01 #include "mpi.h"

02 #include <iostream>

03 04 int main(int argc, char* argv[])

05 {

06 MPI::Init(argc, argv);

O7MPI: :COMM WORLD.Set errhandler (MPI::ERRORS T
HROW_EXCE PTIONS) ;

08

09 try {

10 int rank = MPI::COMM WORLD.Get rank();

11 std::cout << "I am " << rank << std::endl;
12 }

13 catch (MPI: :Exception e) {

14 std::cout << "MPI ERROR: " <<
e.Get_error code() \
<< " -" << e.Get error string() \
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<< std::endl;
16 }
17
18 MPI: :Finalize() ;
19 return O;
20 }
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Ol D yend

MPI <

Ll aa Jaad A9 cJiad Qb B Aardisal | Las) i) Ag<al
o eladiul Sayg .Visual C++. Net 5 Fortran 3y C Jia <lalll ¢y
Badiall cilbulal)l (pa Wl g cdalaall CASEY g (clusters) cilaaxill daa

(deadlock) FEaN) <
o st ol Gaa 0 cal€ ) (gLisa) Al b Adend) s
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8\ Jl‘
Parallel Programming in C with MPI and OpenMP, Michael J.
Quinn (2003).

Tutorial on Basic MPI Point-to-Point Communication in C,

http://www.pdc.kth.se/training/Tutor/MPI/Pt2pt.C/index-
frame.html

MPI tutorials, http://supercomputingblog.com/mpi-tutorials/
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269 Globus Toolkit aall 2.2
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270 Globus Toolkit <leaa 4.2
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Globus Toolkit <laa 5.2

278 >l
280 A Bas gl oo Al daal
281 cilalbiaal 3 e
282 2l

259




doddl!
Legs

i) ol e (B dalil) Saa gl L) el L sa a5
—) Joliii 8aa sl ((Grid Computing) iz il Lrwgatl O i3 (A9 ¢(3)
Jia cddar gl Grid clBus (e, 1 AL g Lgiligga s Grid Computing
paliall 3 Eay Lgia Jo¥) andl) (pacd ) Bas gl o3 audi o3 .Globus
A<y aliglay Grid — ciyaiy andl) 138 Jam i Grid —U 4euld)
iida g5y ) aodl) (Grid s (cluster) gaatll o (A podl) sy
OF Bk uudll s Tuy o Ulaguagd] oligdall 5441 e a5 <« Globus Toolkit
Globus &l g clasd g ol adind ALid) adl) (& pivs 9 Globus Toolkit
.Toolkit
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0885 O (iady Bangl oda A 3 (e B3 day A 550
to) e Lalé
Grid 2 G @
Aadl Grid Ak e ousil) disgd) saas @
dle b gay(Grid middleware)asu gl ddudal) <l gSa 3205 @
-Grid I (cluster) aeaill cp (L8 i @
.Globus Toolkit @& 33 i<i @
. Globus Toolkit g asii Al algall s25 @
.Globus Toolkit 4.0 (GT4.0) cLifi cpe Liaay Sk @

261



Grid ' @ &Lwls¥) i) 1
Grid o 1.1

ca) gl B 5 pdiial)l clwlall cpdle (e de gara U g e
Aiall A Alia 5 gl Ao o siad ) g ccpilidal) Galddl) Gyl dbia )
il clulay «(laptops) Agaas clials die clula Wiad il Lo
i) sl Jia (g Al B3galy calily ljas ((supercomputers) ds )
clbgSulill g ((meteorological sensors) gsall sla Yl cluluay AN
336aY) e W € 5 ((telescopes)

a9y ddae Adlida Gl (lny) Lgdary g b 536N oda s
) a9 el ) g e AN e cASlu g dSlu

Gl LS Lgandiiady o Labgy il Laif 53¢l oda g8 &l L
abiac Y 4B ) B AUl B gad) (e SN A B Bgtag (s 88y pim (BDlas da) g
AVIT SN DA AT Y B

5S4 . (electrical gird) sk g Al ¢ i) Grid 5885 4
W piii 3 Aggadly Aabudly Grid — ¢a 53Ny Jgagh Jan A
sl Al
OGSI s OGSA

A claadll g o(structure) 4w il uldl julaal) i OGSA
Open Grid Services Interface <lialge .dale Grid 4 W s
A Y Sy clgals) Gt dalas dwld clivlg A (OGSI)
aliy oSai aluld A OGSI .Grid 4ay 4 5 8giall claddl)l g aadid
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inter-) s aa Jualsii o e mladdl ol dajildly il Grid
.(operability
Grid <t £ 2.1
Alde Ay phgi g (Uages) Grid Aigk) dgas) Grid i g e ) Cisg)
agra CilS ol LaS Ao jgall 3 gall aladiad ) Sl (e aghSal (paddiiall
agiSa gl agid
: oh tdale B g (Grid middleware) dasu gl dduhal) <l g<a

.(Portal — User Interface) asiical) dgaly -i

(security) o=l -

.(Broker) luugl -

.(scheduler) Jgiaall —&

.(data management) <Ulal 8 )8 -z

.(job & resource management) Jles¥l g 2 ) gall yuta -z

s Al -
aranai o dl) adiny Lad) g (Grid JS B ssi of Bl ud cligSall oa
e BB ALl L lad s Alal (e M) diagdl 5 (Grid design) Grid J)
el cligSall a ysSa JS
?M’" ldg>191.2.1

A (ullag pailia JO& A A s Bl 5 5 LS (gl g e

o il o Grid U st dgal gl ¢fe AN .Grid Clades g 5 Y g
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@b OsS Oal) any By gkl gl Bataa (gSiy Bamie JW8dly g
.(portal) 4 g Js&

adied il Jaddl aadiudall d4gal g A gi (grid portal) Grid 4 s
asiiuiall 5 ssiall 13 e .Grid —) Wig L3 clasdlly ) sall e
LSt Bl dlginia o WS ((virtual) AL dngula 58 juaas Grid
LS (AL gal Aga) o8 (el g il
security) 4L 2.2.1

dsb e Grid 4y ol siad Llead) & Lo ) Grid clilbia Ge
cladlal ((authentication) @adl (Lleal) Jodd Aid) ol ol g
&...(encryption) <ULl »iks ((authorization)
(broker) L J' 3.2.1

ciuay 8By .Grid ) A Alud g aolaioy addieal) (e (el aay
.Gebil aa s Al (parameters) COA adiial)
oS 5 Grid = b Aaliall ualiall 3 gal) o Gipaal o A 5 ghadl
.(broker) lw sl L aghy b ghodl) o3a .lgia BalESN) g Lgaladind gaadail]
(scheduler) J 41 4.2.1

Gl 1Y) L3 gal) oda B T algall Al gan quay ca gl Ao G il ey
Ui algal) cilS 13 o€y . Lald ¥ gana plind ol Lguany o basina i algall
aladic) (e 30U ((concurrently) ) silly Jas of &5 § Aald 3 e Saa
.(jobs) algad) e 1d5Y 3wt (job scheduler) algad) Jgina

3 Siad (oY gana Bae AUy A gaad) cpa il g Bas Clia ¢e<y B
Jotaa llia g Alall o3a A «Grid = caa(cluster) aasd dllia ¢ e<
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& -(nodes of cluster) gaxill cilasa 343 & saeluy (cluster) aaxil
U saas sk ((meta scheduler aw Ulal) AT Jgane dllia oY) 5 giaall
Jaa Jandl 138 Adgans geadl Jotna ashy laly el B Miw 3 Jand)
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Globus Toolkit iid .2

o Ayl Al 380 sally clasall eyl dlla a5l

@)
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o O O o O O o o o

Hgha pany b Lady Aoy Grid  cilish Lgua

Aneka: The Next Generation Enterprise Grid
Technoloqy

Alchemi

Cosm P2P Toolkit

Globus

Gridbus

Grid Datafarm

GridSim: Toolkit for Grid Resource Modeling
and Scheduling Simultation

Jxta Peer to Peer Network

Legion: A Worldwide Virtual Computer
NorduGrid middleware

PUNCH

Simgrid

Storage Resource Broker (SRB)

ProActive

Unicore

Vishwa

L83 3 clilal o cpa Il 305 (Al gh cilihal) gl e Globus iay

.@Sammﬁ#gﬁj ii,wu
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Globus toolKit alasey il 3.2

Globus ToolKit alaiiuly ¢l 38l e Jas (328 a8 (Al 5 33
super ) de il A8 Cuulall (e 33 B e Baliid MPICH-G2
simulate the ) 3su¥) Gl adlai o 4udlal) LAl Slslaa! (computers

.(gravitational effects of black hole collisions
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Globus Toolkit <Luas 4.2
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-(significant commercial Grid products) A S0l A ga
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Globus Toolkit® Version 5 (GT5)

GRAMS

Execution
Management

Globus Toolkit <=, 5.2

tpedd Gl (@b yd) @ligsstl e Globus Toolkit ¢ye
(security) Lle=tl ©
(information infrastructure) ciloglacll Loyl igdl o
(resource management) »,islis,ls] ®
.(data management) oLl 5,1y @
.(communication) JLa3¥| e
(fault detection) sl Calines| o

(portability) {dszt e
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o lay (aaddl) dlal oo 13 Wy duay (oaSil GRSl Jia dlld
Lagd da gilal) jalaadl aaiaa Jady LS Aoy Ly gha
GT4.0 cliss
:Jie clddil) f maed) Laal Globus Toolkit 4.0 (GT4.0)
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.GRAM o
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Grid Infrastructure
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(3) el b s (B Andl) San s Y &l Lia s cu )l i3
«*9 <A Simple API for Grid Applications (SAGA) () siaz Ay
e dale 3oBI Lili Baagl G J) aedl) B cpand PR (e Al Ga s
iy Gua (Aol Grid Aidb oo Uitn clighl clgal o Jia (SAGA)
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A Simple API for Grid Applications (SAGA).1
JiaS SAGA Jo dile 3 la0 Al adl) 1 b (il sl
S Aadiall ol et ¥ Al Grid ddd e ddlae cliudal clgal o
08 Aasy daal iy 5kl gl LSty cAadiia gl st 48 SAGA
phsa e A B ausl ey SAGA B desiiaal) Gkl aiall JS&
Ay ity Jrand daga LS5 g L aal pall B olidl 51 g« am ) SAGA
Godass (b sally fim g2 e g Cua () e SAGA o Jan galin Jf
. ghadl) ol S
SAGA 2 L 1.1

Ul Loulol) Ciillagh A (g sial)l Ao diman (Gabii Clgaly A
) Agal Agadl) Aud) e Al Jas Ayy g Jigly Ao g iyl
.Grid

wask Open Grid Forum (OGF) dbu g clgals) ol cé e
Grid (& sed ¢l R 2y ¥ od gsiwd Lo cliydn ek
Grid e ds jga 3 g0 aladind 4 oSl g ccomputing
a3 pal dalal) g9 Lgaladin) dliey duay Aoy Adgw Grid API iy o
.Grid = & asdion) Jaugl) Aidal g cdal) cilyiiil Jualis

SAGA <l ki 2.1
b SR g gl g B0 g ikl 32 5y Ll
Louisiana State University ) Ulijusl 48 5 dadla & jgh o3 CH+ Gaadas

H}d\ O—AHJ; Gl aglea I Js—uanl) QJA,JQ-)Ac(/ CCT

http://saga.cct.lsu.edu/implementaions/saga-using-c
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Vrije Universiteit ) 1 g3 3 al) daalall 3 Jghg Ly gakas
&b salls «.(Amsterdam

.http://saga.cct.lsu.edu/implementations/saga-using-java

gw 3.1

: adsall (e (source) Whidd Jraady dile SAGA  aladia) fagl
http://saga.cct.lsu.edu/software

SAGA sl < ghi ayiig (ad gally (quick refernce) g pmd) g jall daylia o
gl Jgf AQUS o5 gt g

Lati A

Ad Llad) B i Ga SAGA clgaly adse g old Joil)
3)sa ABdal) oda pai Cuay (L o gLite § Globus) dawl Grid
Grid 44h aa Jalaii i) SAGA clgaly Ll ofi & .5 dal) Grid
SAGA ) 0S8 Laiy ((SAGA adaptors) SAGA < gaall e Aoyl
Ll JA12 Lgge il 3 cilgal o) A
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Application §_,
SAGA
1 SAGA API Packages (managed by ’Enéine']
' | Files Jobs ‘ RPC i
i // \\ ]
SAGAAdaptors " |
‘ Jobs { Jobs ‘ ‘ Jobs |
! (Globus) {ORAN-LIEY {glite) :
---------------------------------------------------- Foommmmmmmmmsesmsomeme———fe————-f Middleware
API
Middleware 5
V : V 3
Globus OMII-UK glite o

SAGA <2 4.1

Adpma Grid 48da dagije &g ALl Grid g p LU A maud @
middleware and ) 4aidly daugl clihl oo dlfiea 48
-(platform independent
rapid application ) 4dcw Grid clighi iy gad o
SSiwall Loy o) Lyl Wilgaly e (development
.-(simple high-level API)

SAGA & a5 Y il L 5.1

Al Grid G Juy ol @
Adma Ao il ddafipe il @
Grid =) &3 JS sy o
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Grid Application

SAGA

sUadl) ol
<l i aliy o5 e s giad (exception class) cislifiu) 43 SAGA g
sUadY) i gll SAGA (5ob ey Aol gy addind

P
Success =0 NotImplemented =1
IncorrectURL = 2 IncorrectSession =3
AuthenticationFailed = 4 AuthorizationFailed =5
PermissionDenied =6 BadParameter 7
IncorrectsState B AlreadyExists 9
DoesNotExist 10 ReadOnly =11
Timeout =12 NoAdaptor = 13
NoAdaptorInfo = 14 Unexpected = 15
NoSuccess = 16

.

(Task Model) dagall 73 gai
48y 0 J< 098 Gua dagall zigal (implement) (3dai SAGA cliils J<
i ¢(flavors) Jlal Lo
.Gkl ((synchronous version) 4l 3 4aus @
s il 4kl 33 43 ((asynchronous version) 4 jia 8 45w @
ity (Jad) daga
o o Lgist (Aaga (B il 4l 33 A3 (Task version) degal) 43us @
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A Jial) e ASdud (gl AiSey Cua (adapter) Jgaall
(Monitoring Model) 48 sall 7 3 gai
.(monitoring interface) L4l igaly 3ubas I SAGA @il (aay wlilia

SAGA ds .1 | €@

SAGA I alal) JS&Y ani ly cina .2
SAGA &) jrae £ .3

Aagal) zigad B gkl Jdl s 4

(functional packages) i&b i a ;1 .2

dawiall (methods) Gohlly (objects) clilsll (o ds gada (A
Al CH aliiSa JS4 A gy Adasugl.Grid 48k b Sasaa U Jal
(dynamic libraries)

e SAGA pla (e Hand) Slilia

Namespace Package

File Package

Job Package

Logical File Package (replica)

RPC Package

Stream PackageD

SN E R
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Namespace Package API 1.2

NI o A Ausp Ay SAGA B Ll clil) 4y a

Jalae g s AT O o Jia g giay g ((entries) Jala g (directories)

SAGA Lils o198 of o Jatall g
namespace 4 ¢ Jlia

JAa ) sdse aalg (JAlaall g JNAY 8 sl Namespace APT sy

tJia @ob b o s giagg I

eget url(), get cwd(), get name(), exists(), is_link()
eread_link(), change dir(), list(), find()

eget num_entries(), get_entry()

ecopy(), link(), move(), remove()

01:
02:
03:
04:

Namespace API 3 b o Al M) ol gy (o Jlia
// Recursive Namespace structure listing

//
void list dir( std::string & url) {
saga::ns_dir dir (url);

292




05:

06: for ( int i = 0; i < dir.get num entries (); i++ )
07: {

08: string name = dir.get entry (i),

09:

10: std::cout << name << std::endl
11:

12: if( dir.is_dir(name) )

13: {

14: list dir(name);

15: }

16: }

(File Package API) <l & > Slgr1y 2.2

— aaad @y clildll clils e o 4iad pamespace (A
z AN AN gk o o giad Eua . All g JAAl 3k ae namespace API
siagall z Al g JAAl dajall o4 acaig .read(), write(), seek() Jia ¢duldl
GRS Cilgata aladiuly 4USY g 3e) il clles 0985 Eua ((scattered 1/0)
A bz iy Jas clle bas auad 4Kd) jdgi Laf . (buffer vectors)
Aad  p& g B sl clilall Aad clgal gl sl iy .(single call) sl
needs middleware ) ol d&hll e asd o daiad B puall clilall
o: read_v(), write_v() & 4ajall sda b dariiall 3kl .(support
> Jua
il 10 e s Gilal) aaa oS 1) Gilad eligly 10 S 8518y a8y

01: saga::file my file
(“griftp://gridhub/~/result.dat) ;

02:

03: off t size = my file.get_size ()’
04:

05: if ( size > 10 )

06: {
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07: char buffer[1ll];
08: long bufflen;

09:

10: my file.read (10, buffer, &bufflen);
11:

12: if ( bufflen == 10 )

13: {

14: std::cout << buffer << std::endl;
15: }

16: [

Job Package API) Juat o ;> Solgr 9 3.2
«(Extends the SAGA task model API) algall zigial a3 A
Job submission & ) lgd aSailly dega Al g dalgall Ciay Lgd alig
.Adaga 43L2Y create_job(), run_job() Jis ¢k asdiui Cua .(control
.run(), cancel (), suspend(), resume(), okl dagal @ pSadll (S

.checkpoint(), migrate() Jia ¢dajall o2 & 5 A1 G b dlilia Ly
Job state model - extends task state model
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Unknown

—_—
COMSTREOCTOR )

Initial State

craats_jobi | araata_jobi | run_jobi | run_jobi |
asynchronous| |S¥RCRraRous synchron su_'.;I \ asynohronous
I " F
Haw ’ Running suspsndll Suspended
runi | | —_—

loe—— 1
ramma{ )

intarn intarn
wattl) waltl} cancali] cancall
Dona Failed Cancealad

Final State

Job I/0 redirection support

e stdin, stdout and stderr available as C++ streams

* Methods: get_stdin(), get_stderr(), get_stdout()

* Job reconnection support

* (Re-)connect to running job based on JobID

* Job doesn’t need necessarily to be a “SAGA Job”[]

=e 3 Jle
01: //
02: //

03: saga::job_description jobdef;
04: jobdef.set attribute ("Executable", "Jjob.sh");
05:

06: saga::job_service js;
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07: saga::job job = js.create job ("remote.host.net",

jobdef) ;

08:

09: job.run();

10:

11: while( job.get state() == saga::job::Running )
12: {

13: std::cout << “Job running with ID: *“

14: << job.get attribute (“"JobID”) << std::endl;
15: sleep(1l);

16: }

(RPC Package API ) dad! slddl ds > Olgr19 4.2

43, )kl .OGF GridRPC  alae o amall o) oY) ol adiny s jall (5 35
: B SAGA-URL G ¢l

gridrpc://server.net:1234/my_function

cOlaal e g 5ia (array of structures) bl (e 48 gieas lllia () 5Sy
.(return values) 4aal )l 4l 5 (parameters)

> Jla

cr ¢l el elediuly ejs.il.ut
01: //
02: //
03: rpcrpc ("gridrpc://fs0.das2.cs.vu.nl/matmull");
04:
05: std::vector <saga::rpc::parameter> params (2);
06:
07: params[0] .buffer = // ptr to matrix A

08: params[0] .size = sizeof (buffer);

09: params[0] .mode = saga::rpc::In0Out;
10:

11: params[1l].buffer = // ptr to matrix B
12: params[l].size = sizeof (buffer);

13: params[1l] .mode saga::rpc::In;
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14:

15:
16:
17:

rpc.call (sparams) ;

// A now contains the resultD

.¢ (functional packages) 4ddi gl 2 jall ag¢da iy .1

oo

(13 o g8

£

ali

SAGA a3 S .2
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Lo
cail Bl Byt ot Alle dumay (gl clgal g Ll SAGA sasgl i o -
AShal 4gatl) 40 oo Alkiua Jee Ay g A5 (Ao jga il Uyt Al

.Grid =
Ll i 5 Aliile Grid gl Sy mand Ll SAGA &) e 5aagl) cisse —
Adsa Grid 48y
Alle 5 daad) daa sl Lgilgal g j—e 48 sy Grid il yyghly rand —
6 Sisal)
G A gk U< 068 dun Aagal) Zagal ki SAGA liilS S (o Baa gl iy —
gl i @ Ak e LAl @ LGkl A F AW © i h Jsdd
Gkl 5 (objects) sl s Ao gara Lgily il gl ajall Saagl cd o -
clia J8d A gy Adaugl Grid 4k A 3a3aa L) Jal Aaaiall (methods)
(dynamic libraries) .4:Swlis C++
: 29 SAGA aja 3aagll s —

LS5 A SAGA B Ll clilyd 44 a5 : Namespace Package API

.(entries) Jala—— g (directories) J Na & a 4 b
aliils e s giad namespace » : (File Package API) clilal) 4aja cilgal g
~clilall

Extends the ) algall z3sial Baai .2 : ((Job Package API) Jadl daja cilgal g
g asail) g daga A8l g cAalgall Ciua g Lgsd a9 (SAGA task model API

& ) g aY) slai adayg: (RPC Package API ) aa) gfail) A clgal g
.OGF GridRPC _ulza
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Sldball 3 juw

SAGA <
il pL i ) i) 5 s giend) Alle Ay (5 gl g 0
.Grid =) 48! dganl 4o ce Uit Jas diug <l gl B4 cde jga
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8\}\

SAGA, http://saga.cct.lsu.edu.

SAGA Quick reference,
http://saga.cct.lsu.edu/software/cpp/documentation/quickstart-

guide.

SAGA overview and Introduction,
http://www.slideshare.net/ISSGC/saga-issgc09
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t gl

() gk

¢ il (e ASY Zliad )i

pidiiall aa g g b2 gl @

(ladleall sand) slial) Cpa BalATN) @

Jadl) cilles Jia) Ak cilles 35 MG Lady g Al Jlely oLd) o
(AN e el Jraadg gz Al

ZIEQJPERVRTIEN
o5 Jals asa dld aedig Bdl) aggde; A nll danaia dia o Ul (g giad
.Thread 4
(1)

main Ay ,oad By A (8 o sl bd o sy maliy S
35 Gy amain Y b (e ) 48 WiSay g o i) JuAl) Jdl 13 a
gl JVM dacd g 34 main eui ) baddl Laal g cdy 8 e hagadd) oda
o d ALl gl pl) Jaad o o(aa) g dudy) e gl Qi€ Ues dll
Ol (e (g8 el il and i )l) il
(main & sl ki) sale LBla mali
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public class singleTh {

public static void main(String[] args) {
for ((int i = 0; 1 < 10; i++ ) {
System.out.println("Main

thread") ;

}

}

}

Main thread
Main thread
Main thread
Main thread
Main thread
Main thread
Main thread
Main thread
Main thread
Main thread

goag Ligsa dld Jd o<y A JAT il ddlaaly malipall 138 Janies oY)
b (A bad diadal s
:dad A8l
t b galipll lad 43Uy < ghad 4 Alllia
o bdll aexi Y 4idl) a4« Java.Lang. Thread 4l cliva & .1
RER

Public duoTh extends Thread {
I e
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}

L) oMeiduoTh iy sty (Thread aZail saga olt run() Ol Glies ugas .2
(run() d1 overriding Lilee LT a5

Public void run(){
for ((int i = 0; 1 < 10; i++ ) {
System.out.println("Second thread") ;

}
el duoTH Lall oo oyiles a0 .3

duoTh dth = new duoTh();
start() ;oYL ((3) 2 Laatl i) sl daw 4

dth.start();

1ol Lass Limall ju ()95t cul glastd INV.y Ve S
public class duoTh extends Thread ({
public void run() {
for (int i = 0; i < 10; i++ ) {
System.out.println("Second thread") ;
}

}

public static void main(String[] args) ({
duoTh dth = new duoTh() ;

dth.start () ;

for ( int i = 0; i < 10; i++ ) {
System.out.println("Main thread");

}

}

}

ok LaS odlef gali ) 7 da ¢ sSam
Main thread
Main thread
Main thread
Main thread
Main thread
Second thread
Second thread
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Second thread
Second thread
Second thread
Second thread
Second thread
Second thread
Second thread
Second thread
Main thread
Main thread
Main thread
Main thread
Main thread

(ol LaS D) Cilidia 7 jAall ¢y oSy 388 A0l B sa gralli pl) 2S5 1Y)
Main thread
Second thread
Second thread
Main thread
Second thread
Second thread
Second thread
Second thread
Second thread
Main thread
Main thread
Main thread
Main thread
Main thread
Main thread
Second thread
Second thread
Second thread
Main thread
Main thread

4k gala
edi (b 4aa dTh bdl Jadsy Jedh main i) Ll o8 U o
.dTh.start() <) ddau g3 < gl
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& ya 3 yde Main thread Aba )l gl iyl Ll o

.& ya 3 yde Second thread Alu ) j¢lss dTh AU kil e

g g 2ATY i S e
wadle
iy hd e S e GSh UBla maliyy pLa) dlitey (S Uaiag JUal) 128 B
PN day ) @) ghadltly

.Thread ¢l & 5 48 oLy .1

.(overriding run()) o3 4d) A run() LY LU 5ale) .2

ode] A8l (e S el L3

start() a0 Juadie g opilsl 345 4

[
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(<) Fehe

Pthread Library Routines Reference

For convenience, an alphabetical list of Pthread routines, linked to
their corresponding man page, is provided below.

pthread atfork

pthread attr_destroy
pthread attr_getdetachstate
pthread attr getguardsize
pthread attr getinheritsched
pthread attr _getschedparam
pthread_attr getschedpolicy
pthread attr_getscope
pthread attr_ getstack
pthread attr getstackaddr
pthread attr getstacksize
pthread attr init

pthread attr_setdetachstate
pthread attr_setguardsize
pthread attr setinheritsched
pthread attr_setschedparam
pthread attr_setschedpolicy
pthread attr_setscope
pthread attr_setstack
pthread attr_setstackaddr
pthread attr_setstacksize
pthread barrier destroy
pthread barrier init
pthread barrier wait
pthread barrierattr destroy
pthread barrierattr getpshared
pthread barrierattr init
pthread barrierattr setpshared
pthread cancel

pthread cleanup pop
pthread cleanup push
pthread cond broadcast
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pthread cond destroy
pthread cond init

pthread cond signal

pthread cond timedwait
pthread cond wait

pthread condattr_destroy
pthread condattr getclock
pthread condattr_getpshared
pthread condattr init
pthread condattr_setclock
pthread condattr_setpshared
pthread create

pthread detach

pthread equal

pthread_exit

pthread getconcurrency
pthread getcpuclockid
pthread getschedparam
pthread getspecific
pthread_join

pthread key create

pthread key delete
pthread_Kkill

pthread mutex destroy
pthread mutex getprioceiling
pthread mutex init

pthread mutex lock

pthread mutex setprioceiling
pthread mutex timedlock
pthread mutex trylock
pthread mutex unlock
pthread mutexattr destroy
pthread mutexattr getprioceiling
pthread mutexattr getprotocol
pthread mutexattr getpshared
pthread mutexattr_ gettype
pthread mutexattr init
pthread mutexattr setprioceiling
pthread mutexattr_setprotocol
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pthread mutexattr_setpshared
pthread mutexattr_settype
pthread once

pthread rwlock destroy
pthread rwlock init

pthread rwlock rdlock
pthread rwlock timedrdlock
pthread rwlock timedwrlock
pthread rwlock tryvrdlock
pthread rwlock trywrlock
pthread rwlock unlock
pthread rwlock wrlock
pthread rwlockattr destroy
pthread rwlockattr getpshared
pthread rwlockattr init
pthread rwlockattr setpshared
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) Fobe

fork() alasicly cllel) Ldss
Aaiey) 099 eI Ao Jead clles 3dE il gajmS gliad Ulal
Lale ¢85 o ¢p 4 Alad) o2 & (Pthreads Jis clle o hsd 4 o
Ngaladind 4y . Jaadal) aUai 3 3393 gall (system calls) aUail) cielaiy
Adall o)y A Adee (e IS gl e WS ) clplal aal o
Agles e ST Algy 53 g fork()
Sl B Ul el addid S el pal) (g e aldl) V3
C gl JAN3 (e llant) 8 asanll
: gl ) LAl & olad
el n Lidiig Aan jig LS C ghad Ua priagi el gl ALl 3 yu B gl g
H(stisy) da i) pusid e C
4yl mid @
(el 5 kd AU ) ja) gedit ) cus e
sl B oLy malipl cusf o
creatProcess.c au¥ly cilal) Jaisl o

: YL Tabisdl aa i @
o c¢c-o creatProcess creatProcess.c
: ¥ s UadY) &\&43\9&-6@\)3‘ day el ) 28
o ./ creatProcess

309



#include <stdio.h>
#include <sys/types.h>
#define MAX_ COUNT 200
void ChildProcess(void); /* child process prototype */
void ParentProcess(void); /* parent process prototype */
void main(void) {
pid_t pid;
pid = fork();
if (pid == 0)
ChildProcess();
else ParentProcess();
}
void ChildProcess(void) {
int i=5;
printf("" This line is from child, value = %d\n", i);
printf("" *** Child process is done ***\n");

}

void ParentProcess(void) {
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int i=9;
printf(" This line is from parent, value = %d\n", i);

printf("'*** Parent is done ***\n");

¢ goaall o Le gy odel mabisdl i
(2) eabin

Tl ddad g Al Glplesind aladicd PR as AW gl
d@ia lxgtﬂ\zLﬁﬁﬂ Jkﬁi\eﬁ cfork() s lexiuly KeLs= ;L&Jg eﬁ dua (CH++
) daglad) g o) Aplaadl G il

#include <iostream>
#include <string>

// Required by for routine
#include <sys/types.h>
#include <unistd.h>

using namespace std;
int globalVariable = 2;

main ()
{
string sIdentifier;
int iStackVariable = 20;

pid_t pID = fork();
if (pID == 0) // child

{
// Code only executed by child process

sIdentifier = "Child Process: ";
globalVariable++;
iStackVariable++;

}

else if (pID < 0) // failed to fork

{
cerr << "Failed to fork" << endl;
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exit(1);
// Throw exception

}

else // parent

{

// Code only executed by parent process

sIdentifier = "Parent Process:";

}

// Code executed by both parent and child.
cout << sIdentifier;

cout << " Global variable: " << globalVariable;
cout << " Stack variable: " << iStackVariable << endl;
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Ot

Visual studio.Net 2005 1= OpenMP 3 OMPI alaiiu
Visual 2 4edaaall visual C+H+ die) (Say S plagiu galall a3
<l ghd g Al A (MPI gl jug OpenMP gl ddiil studio 2005
MPT aladind g cufii @l ghad Lgali a5 OpenMP alaiiad g g

Visual C++,_lc OpenMP
it et (AP igytas g2 l3s 1997 2 OpenMP 4l cilss
il Baall saty Fortran 5 (CH++ (C pe Juss cilssy .multithreaded
o3y} ipnlidl clawlgll Jolesy oMeas Visual C++ 2005 3 OpenMP 2.0

g1yl

#pragma omp :. fus OpenMP pe Jolaslt visual c++ cilga g J<=

Visual studio 2 OpenMP {5

visual studio o)

rﬁ Microsoft Yisual Studio 2005 4 @ Wisual Studio Remote Tools
Programs

-

3y Documents
o

Settings
Search
Help and Support Fi d_10_traits... wasco_smai

Run. ..

i"l Log OFF asmar,.. : s :
E0iE 8 ey tibetantesk

§ @ Turn OFf Computer...
IEStart J [ the_book | @__‘]shared ... | ) parallel | &] OpentP I f My Comp...l Eivideo_lec...l {3 vs2005_... | &) ope

ndows XP Professional
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: dadd zlio Visual studio e OpenMP afusiny

Slei of Visual studio professional e
multi ) Glatl saxie o7 (MuUltiprocessor) cilatlall sosio jlg ©

LW 3,41L jeiat (core
(s Wk A e

. veomp.dll cilally 335394 23 OpenMP 2.0 4ga) y gatins J) gash ariicyy
A ) gl AL dde OpenMP plaiiuy
de g el omp.h ila) i .1

.(project properties) &e g da ailad & OpenMP Jaii .2

Configuration: | Active{Debug) V] Platform: | Active(Win32) |
4 Commeon Properties Disable Language Extensions Nao
= Configuration Properties Default Char Unsigned No
General Treat wchar_t as Built4n Type Yes
Debugging Force Confarmance In For Loop Scope Yes
= o+ Enable Run-Time Type Info Yes
e EEr T -+ /ovenmo) v
Optimization 1
Preprocessor
Code Generation
Language
Frecompiled Headers
Output Files
EBrowse Information
Advanced
Command Line
H- Linker
# Manifest Tool
+- XML Document Generator
% Browse Information
+- Build Events
- Custom Buld Step
# Web Deployment
OpenMP Support
Enable OpenMP 2.0 language extensions.  (Jopenmg)
Looc J[ concel ][ seoty |
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#include
#include

dad ¢ 9 pdue gLl

File | Edit  MWiew Tools ‘window Community Help

| Mew v ereect... Chrl+shift+h |
Cpen Y ['@ websie..
Close 3 il Chel+M
Project From Existing Code. ..
|
@ savenl Ctrl+Shift+5 MSDN: Yisual C#
The Weekly Source Co
o] o Tue, 29 Jan 2003 18:26:2
- - g of Fibonacci differ from a
Get namespaces from
: Tue, 29 Jan 2005 158:26:2
Recent Files E queries can different from
Recent Projects 3 Future Focus I: Dynal
g . Tue, 29 Jan 2005 18:28:3
= £ posts designed to give ins
| CreEdarey Frofecr—— |UUUUJLB... B A H f

A gralipall s
// cpp_compiler options_ openmp.cpp
<omp . h>
<stdio.h>
<stdlib.h>

#include
#include

volatile
volatile

<windows.h>

DWORD dwStart;
int global = 0;

double test2(int num steps) {

int 1i;

global++;
double x, pi, sum = 0.0, step;

step = 1.0 / (double) num steps;
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#pragma omp parallel for reduction (+:sum)
private (x)
for (i = 1; i <= num _steps; i++) {
x = (1 - 0.5) * step;
sum = sum + 4.0 / (1.0 + x*x);

}

pi = step * sum;
return pi;

}

int main(int argc, char* argv[]) {
double d;
int n = 1000000;

if (argec > 1)
n = atoi(argv[l]);

dwStart = GetTickCount() ;

d = test2(n);

printf s("For %d steps, pi = %.15f, %d
milliseconds\n", n, d, GetTickCount() - dwStart) ;

dwStart = GetTickCount() ;

d = test2(n);

printf s("For %d steps, pi = %.15f, %d
milliseconds\n", n, d, GetTickCount() - dwStart) ;
}

. S ...”
IZIDEbLIG

Result — output:

v O WINDOWS' system32h cmd.exe

For 100B0H0 steps, pi = 3.141592653589899,. 16 milliseconds
For 18080000 steps. pi = 3.14159265358989%?,. 16 milliseconds

Prezz any key to continue .
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BaY g o glal) aseia clallas o cladlaal) Samatia 5 jgal B galid) 138 G
RENH g g g4

(—R) oo

PThreads gl 145 & ghi

H(stimy) dag ) usil o C gl s bl daa jig AUS @l ghad
4 ) b o
(el 5 kd AU ) ja) gedit e cus e
sl B oLy malipl cusf o
creatProcess.c au¥ly cilal) Jaisl o

IS malipll aa i3 @
C compiler: cc -lpthread pthreadl.c
9
C++ compiler: g++ -lpthread pthreadl.c

teb LaS galigll M A5 @

./a.out
eabin
POV (R adada] A gedit [ cyﬁ Ay gé gl Jay s
O G2kl e el dadagal) @l ghdl) G odiig 4ax 5 A pthreadi.c
b A gda galls 7 Al (98
#include <stdio.h>
#include <stdlib.h>

#include <pthread.h>
void *p message( void *ptr );
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main () {
pthread t threadl, thread2;
char *ml = "Thread 1";
char *m2 = "Thread 2";
int rl, r2;

/% alie Slanes (S DIl i 3a dags- o coplash (o */

/* Ui dausdl Lis| */

rl = pthread create( &threadl, NULL, p message,

(void*) ml);

/% SNt eliy */

r2 = pthread create( &thread2, NULL, p message,

(void*) m2);

/% orlasdl s Jaisay e s Luwdy N Ul Jazs ¥/
pthread join( threadl, NULL);
pthread join( thread2, NULL);
printf ("Thread 1 returns: %d\n",rl);
printf ("Thread 2 returns: %d\n",r2);
exit (0) ;

}

/% Gline S pe dags Jo S by 2an Il Wil */

void *p message ( void *ptr )

{ char *message;
message = (char *) ptr;
printf ("%s \n", message);

gl 7 A
Thread 1
Thread 2
Thread 1 returns: O
Thread 2 returns: 0
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