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Alepyaoiec kKal NAupata

@ Threads, Njuata

@ XpnaoiuomnotodvTtal yia tTnv bAomnoinon NapaAANALOUOL o€
MUPAAANAOLG eNEEEPYAOTEC E KON PMvrAun (shared
memory)

@ loToplkd KABE KATAOKELAOTAC EMEEEPYATTWY LAOTIOLOVCE
dlagpopeTikd Ta threads

@ AvokoAlec o€ portability

@ Zuyvd mpoPAfpata cupBatédTnTag APIS, LBLWTIKA APIS,
KAT

@ Abon: POSIX standard
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POSIX

@ Portable Operating System Interface

o X

@ Tumormoi{non tov interface peta&O Asttovpylkol

OLOTAMOTOC KAl EQAPHOYWIV

@ AELTOLPYLKA *nix

e Linux, MacOs, Android, KAT

@ YnoothplEn Ke runtime environment og Windows*
@ To mpdTumo interface mepLExel

System calls, signals, process management
C standard library

KéAvgpog Kkat utility mpoypduuata
Awaxeipion Threads
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POSIX Threads

@ lMpdTuno nov opiCel to interface yla threads
@ ALdQOpPEC LAOTIOLHOELG

o Mnopel va xpnouonolel user 1§ kernel threads

o Ta mpoypduuata dev xpetdlovtal aAAayn

o H ovunepLpopd Kat n TaxvTNTA Pnopel va dSlapépetl
o API

e Awayeipwon threads

o MetoBAnTEC mutex, ouyXPOVIOUOG Ue locks
e Condition variables, ouyyxpoviouéc ue wait
@ Inuagpdpot
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Tt elvat Threads

@ Tumkd: uta ave€dptnTn OELPA EVTOAWY MOV UMopEl va
EKTEAEOTE( amd TO AELTOVPYLKSG OUOTHUA.

@ Muax dradikaoia mov ekteAe(tal aveEdptnTa and To
KLUP{WC MPOYPAUMUA TIOL TNV MEPLEYEL.

@ Eva mpdypapua Ba prmopoloe va EPLEXEL TTIOAAEG
«dLadikaoieg».

@ To AeLtovpylkd cOOTNUA UMOPEl VO TIC EKTEAETEL
avegdptnTa amnd to KLplwg MPOYPAUUA, TAVTOXPOVA UE
ouTo.
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Alepyaotia (Process)

@ Muwa diepyaaia (process) eivat 6Aa ta dedopéva mov
dlatnpel To AetToLPYLKO COOTNUA YO VO EKTEAETEL Eval
nEdypapUa, 60N WP EKTEAE(TAL.

@ MepLéxel mMAnpooplec yLa To MPAOYPAUMA TIOV EKTEAE(TAL
KoL TNV KatdoTtaorn Tov, OTwG:

@ Process ID, process group ID, user ID, and group ID

Environment

Working directory

Program instructions

Registers

Stack

Heap

File descriptors

Signal actions

Shared libraries

AvTike{peva yla emikolvwvia HETAED BLEPYAOLWV: OUPEC

MNVLPATWY, pipes, semaphores, MEPLOXEC KOWNAC UVAUNG,

KATL.
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Process state

User Address Space

stack routinel warl ()
wvar2 ()

text main ()
routinel ()
routine2 ()

data arrayd

arrayB

Figure source: https://computing.llnl.gov
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@ Kdbe thread vndpyet evtog plag diepyaoiog

@ Xpnoipomnotel Ta dedopéva mov opiCouv TN dlepyaoia
@ OpiCeL Eavd (dlkd TOL) TA ATMOADTWG amapa{TNTA YL TNV
EKTEAEDN MO TO AELTOLPYLIKO cOOTNUA:
e Stack pointer
o Registers
e Priority, scheduling policy
e Signals
@ (Zuv 6edopéva xpnotn mov opiCovtal per-thread)

@ Motpdletal Ta utOAOLTA UE TO Process

o AAM\ayéc otnv Katdotoon tng dlepyaoiag e{val KOWEg
(m.x., og apxela)

e H (dua diebBuvon puvAung elval n (dla B€on PvARNG yla
éAoug

o Mnopel va mpokOyel Tavtdypovn npdoBacn oTn UVAKN

@ Otav 6ev npénet va yivel Tavtdypovn npdoBaacn,
XPELECETAL CLYXPOVIOUOC
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Thread state

User Address Space

Thread 2

routine2 () warl
varz
var3

Thread 1

routinel () wvarl

var2
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main ()
routinel ()
routine? ()

arrayh
arrayB

Figure source: https://computing.1lnl.gov
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Pthreads

@ Xprion w¢ BLBAL0BRKN

e #include <pthread.h>

e MetayAwTtTion pe -pthread
Ye k&mnola BiBA{a/tutorials xpnaotwpomnote{tatl to - lpthread
0T METAYAWTTION
MHN ypnotuotote(te to - Lpthread otn HETAYAWTTION
Mévo Tto -pthread
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Anulovpyla - pthread create

int pthread_create(pthread_t *tid,
const pthread_attr_t * attr,
void * (kstart_routine) (voidx*),
void * arg);

@ Anuovpyel éva thread mov pOALG apyiosl va ekTeAelTal,
Ba KaAéogL Tn ovvdptnon start routine(arg)

@ MpdoeL oto tid To ID Tou véou thread
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TePUATIONOG - pthread exit

int pthread_exit(void * value_ptr); J

@ TeppatiCel To thread mouv TNV KaAel

@ To 6plopa amoBnkeveTAL KoL avTioTolyel oTo “return
value”
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Avapovn TepuatiopoL - pthread join

int pthread_join(pthread_t tid, void ** value_ptr); J

@ ITopaTd péxpL To thread tid va tepuatioet

@ To delTepo dplopa ematpéel (by reference) To
anotéAeoua Tou thread mov teAelwaoe, av vntdpyEL
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TeppaTIONOG amd €Ew - pthread cancel

int pthread_cancel(pthread_t tid); J

@ TepuatiCel to thread tid
@ Tnv KaAel éva dAAo thread yia va tepuatiost To tid
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XpovodpopoAdynon - pthread yield

int pthread_yield(void); J

@ Zntd amndé tnv vAomnoinon Twv pthreads va napaxwpndel o
ene€epyaotig o dAAo thread

@ 0dnyla, 6xL evtoAn: Mnopel va un yivel
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Mapddetypa

examplel.c

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

void *do_something(void *p) {
printf(”"Hello from %s thread\n”, (charx)p);
return NULL;

}

int main() {
pthread_t tid;
char xmsgl = "parent”, xmsg2 = "child”;

pthread create(&tid, NULL, do_something, msg2);
do_something(msgl);
return 0;

}

Pratikakis (CSD) Pthreads CS342, 2025 16/64



Mapddetypa - EKTEAEON

$ gcc examplel.c -pthread

$ ./a.out

Hello from parent thread

Hello from child thread

Hello from child thread

$ ./a.out

Hello from parent thread

Hello from Hello from child thread
$

@ MpdBANuUQ
@ Race condition
@ X710 TéAo¢ TNG main() to “parent” thread ypdgel To buffer
TNn¢ printf otnv é£060

e To “child” thread ypdget akéun oto buffer tng printf, Ba to
ypdyeL otnv £€£060
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Mapddetypa

example2.c

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

void *xdo_something(void *xp) {
printf(”"Hello from %s thread\n”, (charx)p);
return NULL;

}

int main() {
pthread_t tid;
char xmsgl = "parent”, xmsg2 = "child”;

pthread_create(&tid, NULL, do_something, msg2);
do_something(msgl);

pthread_join(tid, NULL);

return 0O;
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Mapddetypa

@ ZWoTlTEPO
@ H pthread join glodyeL ouyxpoviopo
@ To nmpdypopuua MAPAUEVEL UN VTETEPULVIOTIKO
o H oglpd TWY EKTUTIWCEWY
@ H printf owyouvpebel 6TL dev Ba avauelxBoiv
o Otav n petayAwTTion yivel ue -pthread
e Oy, 6tav ylvel pévo pe -1pthread
@ «Agv éxeLdata race» 6gv onualivel «elval VIETEPULVLIOTLKO»
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Kownry Mvrun

@ OAa ta threads éxouv npdoBacn e 6An TN UvrAun TNG
dlepyaoiog
@ Mmopolv va éxouvv ta 6ikd Toug Sebopéva avda thread
@ thread
@ NMapapévouv oto global address space (address-of)
@ O mpoypapuatioti elvatl utELBLVYOC yLa TO CLYXPOVIOUO
o MMold 6edopéva sival Kowd
@ Mpootacia and Tavtdyxpovn npdaoBaacn, data races
o MMold 6edouéva 6ev xpeldlovtatl ovyypovioud (thread-local)
o Mapapévouv otnv kowr pvAun (memory corruption bugs!)
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Figure source: https://computing.llnl.gov
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“Thread-safe”

@ “Thread-safe”: Opog mov mepLtypd@el TNV WBLOTNTA EVOG
npoypduuatog va pnopel va ekteAeatel Tavtdyxpova, o€
threads

o BiBAloBrikec mov diatnpolv state (printf buffers, file 1/0)
o Aopéc 6edouévwv: insert, delete, sort, TavtdyxpovQ;
@ Yuyvd viomoieitat pe locking
@ O mpoypaupaToTAG elval btEDBLYOC YLa TO CLYXPOVIOUS
o MMold 6edopéva sival Kowd
@ Mpootaocia and Tavtdypovn npdoBaon, data races
o lMold 6edouéva bev xpetdlovtatl ovyypovioud (thread-local)
o Mapapévouv otnv kown pvAun (memory corruption bugs!)

@ Av pia BLBALoBrkn dev elval alyovpa thread-safe, to

00QaAEC elval va unNv KaAeoTel mOTE TaLTOXPOVA
o 1/O thread, communication thread, KA
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@ MOALG dnuovpynBel Eekvd to thread KaAWvVTAG TN
ouvaptnaon mov dilveTatl
@ Agv LTTAPXEL KATOUOKELAOTIKY HLaPopd HETAED TWV
threads tng 6iepyaoiag, ekToG:
@ “main thread”: to context mov £eklvdel To MPOYypPAUA
@ TeAsewwvovtag TepPaTiCouv OAa
@ Amoguyn, he pthread exit()
@ “child thread”: threads nouv gekivnoav ue pthread create
o Agv umdpyel 6edopévn «Lepapyio» yla To TL umopel va KAveL
K&B¢ thread
o Mmopel va uIEPEEL «kKANPOVOLLLKOTNTA» XAPAKTNPELOTIKWY
KoL TTOPAUETPWY

thread 3

thread 1 thread 2 thread 4 thread &

thread 5 thread 7
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I6LOTNTEC KOL XA PAKTNPLOTIKA

@ Detached / Joinable

@ Avdaykn nj 6xL ywa pthread join
@ Scheduling policy

e FIFO, RR, OTHER

e MpotepatdtnTa
@ XtolBa

e ©¢éaon, péyeboc, guard
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I6l6tNTEC - pthread attr t

int pthread_attr_init(pthread_attr_t *);
int pthread_attr_destroy(pthread_attr_t *);

int pthread_attr_getdetachstate(const pthread_attr_t *, int *);
int pthread_attr_setdetachstate(pthread_attr_t *, int);

int pthread_attr_getstack(const pthread_attr_t x, void * %, size_t *);
int pthread_attr_setstack(pthread_attr_t *, void *, size_t);

int pthread_attr_getstacksize(const pthread_attr_t *, size_t *);
int pthread_attr_setstacksize(pthread_attr_t *, size_t);

int pthread_attr_getstackaddr(const pthread_attr_t *, void *x);
int pthread_attr_setstackaddr(pthread_attr_t *, void *);

int pthread_attr_getguardsize(const pthread_attr_t *, size_t *);
int pthread_attr_setguardsize(pthread_attr_t *, size_t);

int pthread_attr_getinheritsched(const pthread_attr_t *, int *);
int pthread_attr_setinheritsched(pthread_attr_t *, int);

int pthread_attr_getschedparam(const pthread_attr_t *, struct sched_param x);
int pthread_attr_setschedparam(pthread_attr_t *, const struct sched_param x);

int pthread_attr_getschedpolicy(const pthread_attr_t *, int *);
int pthread_attr_setschedpolicy(pthread_attr_t *, int);
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@ Tavutdypovn mpdéoBacn atnv (Bla pvriun, TOLAGXLOTOV £va
write
@ Memory corruption
@ Anoguyn tavtdyxpovng npdaBaacng
o Xwplic ouykekpLuEvn oslpd, anAd oxL Tavtdyxpova
@ Mn VTETEPUVIOTLKO, TUXVA apKEl

o Low-level: mutex
e High-level: atomic

@ Mapdaderypa: Tavtdxpovn Katdbeon
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mutex

@ Mutual Exclusion — apolBaiog anokAelopdg
e Lock
MnNXovIondC, AVTLKE(UEVO 2 KATAOTACEWVY
KAelbwpuévo, ZekAe(bwTo
Omnolo¢ to KAELWBWOoeL pénel va To EeKAELOWOEL (SxL
semaphore)
@ Mévo éva thread umopel va €xel To KB mutex avd ndoa
aTyun
@ To poévo data race nov emtpénetal elvatl to race for the
lock
o KataoKevoouévo £€Tol WoTe Povo €va thread va emitiyel va
KAEWOWOEL, akOUN KL av TOAAG poomabrioouv TavToXpPOva
o Mmnopel va elval SLapopeTIKAC UNXAVIOUOC o€ KABe
ene€epyaotr!
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mutex

@ Tumkn xprion

@ MoAAd thread mpoonaBolv va kKAeWbWaoouy éva mutex

@ Mévo éva emTuy)dvel, Ta GAAQ OTAUATOOY Kal TEPLUEVOLY
(blocking)

@ To thread mouv kAe{dwoe To mutex cvveyi(Tel e TNV Kplowun
npdoBacon f pooBAocelc kKal EeKAELBWVEL TO mutex éTav
TEAELWOEL

o Eva and ta blocked threads kKAelbwivel To mutex, K.0.K.

@ YnooTAPLEN aolYXPOVOU KAELOWHATOC
e trylock
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2waotn Xprion - AVOKOA(EC

@ Ta mutexes g{vat low-level pnxaviopog

@ EuBlvn tou npoypauuatioTi N owoth xprion
@ lMpénel k&Be mpdoBaon va mpootatedETAL anmd Mmutex

e Av ¢€va thread 6gv KAgLBWOEL PV ypdyel vdpyel data race
@ KaBoAwkn wdiétnta

e Eva mutex «mpooTtatelel» pla Stebbuvon av tnv
nmpooTaTeDEL MAVTOD
@ AUOKOAIEG
Opydvwaon Tou KWoLKa
Kwoikag oe BLBALOBrKEC
EMMETEC QVOPOPEC GE UVAUN
20vBean HEYAAWY TIPOYPAUMATWY amd Hkpd
KATL
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Anplovpyla - pthread mutex init

@ ITATWKA

pthread_mutex_t mymutex = PTHREAD_MUTEX_INITIALIZER; J

@ Auvaulkd

int pthread_mutex_init(pthread_mutex_t *mutex,
const pthread_mutexattr_t xattr);

o Emtpénel attributes: priority inheritance, re-entrant
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Xpnon

@ KAeldbwua

int pthread_mutex_lock(pthread_mutex_t x); J

@ Non-blocking

int pthread_mutex_trylock(pthread_mutex_t *); J

@ ZeAeldbwua

int pthread_mutex_unlock(pthread_mutex_t *); J

o Mpémnetl va kAnOe( and to thread mov €xel KAeWbwoelL to lock
@ AMWWG eTuoTpépeTal AdBoC
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Mapddetypa: Producer-consumer pue mutex

prodcons-mutex.c

pthread_mutex_t task_lock;
int task_available;

int main() {
task_available = 0;
pthread_mutex_init(&task_lock, NULL);
/* create and join producer and consumer threads */

void *producer(void xproducer_thread_data) {
int inserted;
struct task my_task;

while (!done()) {
inserted = 0;
create_task(&my_task);
while (inserted == 0) {
pthread_mutex_lock(&task_lock);
if (task_available == 0) {
insert_into_queue(my_task);
task_available = 1;
inserted = 1;

pthread_mutex_unlock(&task_lock);

Pratikakis (CSD
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void *consumer(void *consumer_thread_data) {
int extracted;
struct task my_task;

while (!done()) {
extracted = 0;
while (extracted == 0) {
pthread_mutex_lock(&task_lock);
if (task_available == 1) {
extract_from_queue(&my_task);
task_available = 0;
extracted = 1;

pthread_mutex_unlock(&task_lock);

process_task(my_task);

}

Pthreads



2UYXPOVIOUOC e condition variables

@ AAAOG €vaG UNXOVIOUOG GLYXPOVLOHUOD
@ JUYXPOVIOMOG e oLVOrKN Kol mutex
@ Eva thread pnopel va mePLPEVEL LEXPL KL CLVORKN va
ylveL aAnbng
o KAeldwvel To mutex
o EA€yxel av pua petaBAnTr tkavormolel Tn ouvBAKkn
@ Av n guvBnkn dev Lkavomole{Tal, MEPLHEVEL, aQrVOVTAG TO
lock
@ MAALC n ouvBrkn tkavorownBel and kamoto dAAo thread,
avtéd Eunvd boa threads neplpévouv otn oLVOAKN
o Eva amd auvtd Ba KAeWbWoelL Kal Ba ovveyioel £xovTag To
mutex
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Condition API

int pthread_cond_init(pthread_cond_t *cond,
const pthread _condattr_t *attr);
int pthread_cond_destroy(pthread_cond_t *cond);

int pthread_cond_wait(pthread_cond_t *cond,
pthread_mutex_t *xmutex);

int pthread_cond_timedwait(pthread_cond_t xcond,
pthread_mutex_t *mutex, const struct timespec *xwtime);

int pthread_cond_signal(pthread_cond_t *cond);
int pthread_cond_broadcast(pthread_cond_t xcond);
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Napddetypa: Producer-Consumer pe Condition

pthread_cond_t cond_q_empty, cond_g_full;
pthread_mutex_t task_lock;
int task_available;

int main() {
task_available = 0;
pthread_cond_init(&cond_qg_empty, NULL);
pthread_cond_init(&cond_q_full, NULL);
pthread_mutex_init(&task_lock, NULL);
/* create and join producer and consumer threads */

}
4
void *producer(void xproducer_thread_data) { void *consumer(void xconsumer_thread_data) {
while (!done()) { while (!done()) {
create_task(); pthread_mutex_lock(&task_lock);
pthread_mutex_lock(&task_lock); while (task_available == 0)
while (task_available == 1) pthread_cond_wait(&cond_g_full, &task_lock);
pthread_cond_wait(&cond_q_empty, &task_lock); my_task = extract_from_queue();
insert_into_queue(); task_available = 0;
task_available = 1; pthread_cond_signal(&cond_q_empty);
pthread_cond_signal(&cond_q_full); pthread_mutex_unlock(&task_lock);
pthread_mutex_unlock(&task_lock); process_task(my_task);
}
} }
v v
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2UYXPOVIOUOC e reader-writer locks

@ ALa@OopOomoLolY TNV avAayvwaon and Tnv eyypaen
o Aev opiCeTtal n mpotepatdTNTA
@ To (6o lock pmopel va kKAelbwBel TavTdHYpova amd
TMOAAOUC readers
o Ou writers mepluévouy
@ AAAG pévo évag writer
@ Ot readers kat ot umdAotnoL writers mepLUévouy
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RWIlock API

pthread_rwlock_t rwlock = PTHREAD_RWLOCK_INITIALIZER;
int pthread_rwlock_init(pthread_rwlock_t *,
const pthread_rwlockattr_t x);

int pthread_rwlock_rdlock(pthread_rwlock_t x);

int pthread rwlock tryrdlock(pthread rwlock t *);

int pthread_rwlock_timedrdlock(pthread_rwlock_t *rwlock,
const struct timespec xabstime);

int pthread_rwlock_wrlock(pthread_rwlock_t *);

int pthread_rwlock_trywrlock(pthread_rwlock_t *);

int pthread_rwlock_timedwrlock(pthread rwlock_t *rwlock,
const struct timespec *xabstime);

int pthread_rwlock_unlock(pthread rwlock t *);

int pthread_rwlock_destroy(pthread_rwlock t *);
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Mapddetypa: Reader-Writer Access

pthread_rwlock_t data_rw_lock;

int data[1000];

pthread_t readers|[NUM_READERS];
pthread_t writer;

int main() {
/* create and join threads */
for(inti; i < NUM_READERS; i++) {
pthread_create(&readerli], NULL, reader_func, NULL);

}
pthread_create(&writer, NULL, rare_writer_func, NULL);

/% ... %/
}
4
void *reader_func(void xreader_thread_data) { void *rare_writer_func(void *writer_thread_data) {
while (!done()) { while (!done()) {
pthread_rwlock_rdlock(&data_rw_lock); pthread_rwlock_wrlock(&data_rw_lock);
compute(data); update(data);
pthread_rwlock_unlock(&data_rw_lock); pthread_rwlock_unlock(&data_rw_lock);
}
} }
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Barriers: Zuyxpoviopéc ueTtagd moAAwv threads

@ A&eLtovpyolv oav “rendez-vous” GLYXPOVIGUOG
o Avapovr hHéxpl va gtdoouv 6Aol
@ O teAevTaiog Toug Eumvd 6Aoug
@ Oyt anapaitnta 6Aa ta threads
@ JUYKEKPLHEVOC aPLOUSC
@ loodovapuo pe petpntr + lock A conditional
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Barrier API

int pthread_barrier_init(pthread_barrier_t xbarrier,
const pthread_barrierattr_t xattr, unsigned count)

int pthread_barrier_destroy(pthread_barrier_t xbarrier)

int pthread_barrier_wait(pthread_barrier_t xbarrier)
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Mapddetyua: Barrier

pthread_rwlock_t data_rw_lock;

int data[1000];

pthread_t workers[NUM_THREADS];
pthread_barrier_t barrier;

void *xworker_func(void *xarg) {
pthread_barrier_wait(&barrier);
phase_1(); /* everybody starts together */
pthread barrier_wait(&barrier);
/* everybody waits for all to finish phase 1%/
phase _2(); /* everybody starts together */
pthread_barrier_wait(&barrier);
/* wait for everyone to finish together x/

}

int main() {
/* create and join threads *x/
pthread_barrier_init(&barrier, NULL, NUM_THREADS);
for(inti; i < NUM_THREADS; i++) {
pthread_create(&workers[i], NULL, worker_func, NULL);
}
/% ... %/
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MBava npofArjuata ue threads

o fork() katexec()
@ XTo KawvolpLlo process pévo éva thread
e Ayvwotn Katdotaon pvAung, Ta locks diatnpolv tnv
Katdotoon
e pthread atfork()
@ Thread-safety
@ ZuvapTtroelg nov dev Baaoi{Covtal ot global state, dev €xouv
global resources, KAT
@ Yuvaptnoelg BLBALOOBAKNG re-entrant (TeAswwvouy oe )
o AcpaAéotepo (slow): “Wrap in a lock”
@ A\dbn
@ Herrno aAAdleL o macro (dlagopeTiky yia K&Be thread)
@ Hstrerror() dev elval re-entrant, xpeldletal ocLyXPOVLIOUO
@ Signals

@ Kd&Be thread éyel 6ikrj Tov pdoka onuUETWyY
o Xelplopdg: éva thread yla To OAUOTA, OTMOKAELOTIKA
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Deadlock

/* ... %/ [k ... %/
pthread_mutex_lock(&lockA); pthread_mutex_lock(&lockB);
pthread_mutex_lock(&lockB); pthread_mutex_lock(&lockA);
work(a, b); work(b, a);
pthread_mutex_unlock(&lockA); pthread_mutex_unlock(&lockA);
pthread_mutex_unlock(&lockB); pthread_mutex_unlock(&lockB);
/% X/ /¥ .. %/

@ Deadlock: K&B¢ thread meptpével To AAAO

@ Ooodrnote HeydAoG KOKAOG

@ JuvrABbwc dlopbwveTal hE oTABEPH KO OsLpd
@ Oyt mdvta duvatdv: TéTE XpPronN trylock
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/% ..

w

*/

hile(retrying) {

if (pthread_mutex_trylock(&lockA)) {
if (pthread_mutex_trylock(&lockB) {

work(a, b);

pthread_mutex_unlock(&lockB);

retrying = 0;

¥
pthread_mutex_unlock(&lockA);

}

}

/% ...

*/

4

/% ..

w

}

}

/% ...

*/

hile(retrying) {

if (pthread_mutex_trylock(&lockB)) {
if (pthread_mutex_trylock(&lockA) {

work(a, b);

pthread_mutex_unlock(&lockA);

retrying = 0O;

pthread_mutex_unlock(&lockB);

*/

@ Kdabe thread npoomnabel cuvexwWg aAAd kKaveilg dev

nmpoxwpd
Dining philosophers
AOokoAo debugging
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Priority Inversion

@ Eva thread H pe vynAn npotepatdtTnTa npoonabsi va
KAELWBWOEL

@ Eva thread L pe xapunAn mpotepatdtTnTa €XEL TO lock

@ Eva thread M pe peocaia mpotepatdTNTA Unopel va
OTaUATACEL TO L

o Kabuotepel kat To H
e Mars Bug

CS342, 2025 45/64
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Mpoétuna MapaAAnALGUOD

@ ZUYVEC MEPLUTTWOELG TIAPAAANALOMOD
@ doall fj forall
e Embarassingly parallel
@ Pipeline
@ YnoAoyloudG og atddla
@ Task (recursive)
@ Avadpoukd pLkpdTEPO TMPSRANU
e Divide-and-Conquer
@ MapReduce

o MMpdTuno vnoAoylouo0 pe (key, value) CevydpLa
@ YnoAoyloudg opi(Cetal Ye 2 oLVAPTHOELG:
@ map(key, value): nmaipvel éva Cevydpl eLadbou Kal mapdyeL
(emit) mMOAA& evbldueoa
@ reduce(key, values): maipvel éva evdldueoo key Kat OAa Ta
values Tou Kot emoTpépet £€va Cevydpl eE660L

o To mpdtumno Kdvel Ta vniéAoLna
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doall i forall

for(i = 0; i < 1000000; i++) {
Cl[i] = Alil + BIil;
}
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forall ue pthreads

struct thread_arg {
int from;
int to;
pthread_t thread;

i

void *do_work(void xvoidarg) {
struct thread_arg xarg = (struct thread_arg *)voidarg;
for(i = arg->from; i < arg->to; i++) {
C[i] = Alil + B[i];

}

void parallelfor() {
struct thread_arg[NUM_THREADS];
int from = 0, to = 1000000;
int step = to / NUM_THREADS;
inti;

for(i = 0; i < NUM_THREADS; i++) {
thread_arg[il.from = from;
thread_arg[i].to = (i < NUM_THREADS-1) ? (from + step) : to;
from = to;
pthread_create(&thread_argl[i].thread, NULL, &do_work, &thread_arglil);

3
for(i = 0; i < NUM_THREADS; i++) {
pthread_join(thread_arg[i].thread, NULL);
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forall ue pthreads

@ KatvooLplo thread yla kdBe step

@ Kbéotog dnuiovpylag Kat join

@ Kwdkag BLBAL0BAKNG - mapdAANAN xprion mapdAANAov
KWOLKa

@ Awaxeipion népwv
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Thread Pool

pthread_t threads[NUM_THREADS];
queue_t available_work;

void* worker_thread(void* arg) {
Ik %/
while(!done()) {
task_t work = dequeue(available_work);
run(task);

}

int main() {
/% .k
for(i = 0; i < NUM_THREADS; i++) {
pthread_create(&threadsli], NULL, &worker_thread, arg);

for(i = 0; i < WORK_PIECES; i++) {
/* create work */
enqueue(available_work, task);

}

for(i = 0; i < NUM_THREADS; i++) {
pthread_join(&threads[i], NULL);
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Load Balancing

@ KaAUTEPOC KATAUEPLOUOC Epyaaiag
@ epLoodTEPA KOUPATLO

@ Overhead: xpdévoc dequeue()
@ Fine-grain, coarse-grain: .goppormnia
o Alo@opeTIKA yla KABe eneEepyaoTh!
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False sharing

@ ALadOXIKEG OETELG MVANG TWY TILVAKWY
@ 1610 cache line, dlapopeTikd threads

@ Kdbe eyypagn oto cache line to kdvel invalidate and Tig
caches Twv GAAWVY ENMEEEPYATTWY

@ False sharing: Agv LTIAPXEL VAN TIOL VA AVAKEL
TaLTOXPOVA OE 2 EMeEEPYAOTEG, AAAG Kal TIAAL 0 €vag
KaBuotepel Tov GAAO

@ memalign, padding, KAm
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memalign

int posix_memalign(void * xmemptr, size_t alignment, size_t size);J

@ Aeopuelel size bytes
@ AmnotéAeopa atov delktn *memptr (call by reference)
@ Ale0Buvon nmoAAamnAdaolo tov alignment (60vaun tov 2)

void * memalign(size_t alignment, size_t size); J

@ NMapduola xpron

@ Obsolete — Yndpyel o€ linux

@ Emotpépel To delktn (6mwg n malloc)

@ Xe nepintwaon AdBoug B€TeL errno Kat emotpEépel NULL
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@ levikevon tov “producer-consumer”

@ “Tpapun napaywyng”

@ Kd&Be thread ekteAel pa Asttovpyla

@ Ta 6edopéva petakivovvtal and thread oe thread katd
TNV enegepyaoia

@ Emkowwvia ue buffers, point-to-point

@ XaunAd contention, Atydtepo false sharing
@ EukoAdTepoO: barrier (less parallel)

Load balancing?
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Mapddetypa

pipeline.c

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

queue_t phl_ph2_buffer;
queue_t ph2_ph3_buffer;

void *phasel(void *a) {
while(!done()) {
read_from_file(data);
processl(data);
enqueue(phl_ph2_buffer, data);

}

void *phase2(void *a) {
while(!done()) {
data = dequeue(phl_ph2_buffer);
process2(data);
enqueue(ph2_ph3_buffer, data);

}

void *phase3(void *a) {
while(!done()) {
data = dequeue(ph2_ph3_buffer);
save_to_file(data);

}
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DataFlow: F'evikevaon

@ Kd&Be @don unopel va €xet thread pool yla e0WTEPLKS
TMUPAAANALOUO
@ Mavw and pila doelg vTOAOYLOUOD TALTOX POV
(branching)
@ ddoelg ue m eLoddoug kKoL n €E660uL¢
e Xpnon “copying phase”
@ Mpoooyxr: load balancing
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Recursively Parallel

@ Divide-and-conquer

Quicksort https://en.wikipedia.org/wiki/Quicksort
Mergesort https://en.wikipedia.org/wiki/Merge sort

@ AUVAULKOG TTPOYPAUMATLONOS

Caching - Memoizing

Longest common subsequence https://en.wikipedia.
org/wiki/Longest common subsequence problem
Matrix-chain multiplication https://en.wikipedia.org/
wiki/Matrix chain multiplication

Edit distance
https://en.wikipedia.org/wiki/Edit distance
Shortest path https:
//en.wikipedia.org/wiki/Dijkstra’s algorithm
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Divide and Conquer

@ Mikpotepa MapEAANAQ KOUUATLA UTTOAOYLOUWVY

@ Avadpoukd pLkpdTEPQ

@ Juvévwan oTto TéAoC
@ EOKOAOG MaPAAANALONOG
MIKPOTEPO CLUPEPOY OELPLOKO KOPUATL: granularity
Overhead
Anuovpyla avadpoulkd UIKPOTEPWY LTIOAOYLOUWY
JUVEVWON ATIOTEAEOUATWY OE HEYAADTEPQ
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Mapddetypa: Mergesort

void merge(int A[], int length, int middle) {
inti, j, k;
int xx = malloc(length * sizeof (int));
for (i =0, j = middle, k = 0; k < length; k++) {
x[k] = j == length ? Ali++]
t i == middle ? A[j++]
© Alj] < ALl ? Alj++]
: Ali++];

}
for (i =0;i < length; i++) {
Ali] = x[i];

free(x);

}

void merge_sort(int A[], int length) {
int middle;

if (length < 2) return;

middle = length / 2;

merge_sort(A, middle);
merge_sort(A+middle, length -middle);
merge(A, length, middle);
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MNapddetypa: Parallel Mergesort

struct thread_arg {
int *xa;
int length;

void * par_merge_sort(void xvoidarg) {
thread_t child;
int middle;
struct thread_arg arg = (struct thread_argx*) voidarg;
struct thread_arg childarg;

if (arg->length < 2) return;
middle = arg->length / 2;

childarg.a = arg->a;
childarg.length = middle;

pthread_create(&child, NULL, &par_merge_sort, &childarg)
par_merge_sort(arg->a + middle, arg->length -middle);
pthread_join(&child, NULL);

merge(arg->a, length, middle);
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MNapddetypa: Parallel Mergesort

#define THRESHOLD 1000

struct thread_arg {
int *xa;
int length;

void * par_merge_sort(void xvoidarg) {
thread_t child;
struct thread_arg arg = (struct thread_argx*) voidarg;
struct thread_arg childarg;
int middle;

if (arg->length < THRESHOLD) {
merge_sort(arg->a, arg->length);
return;

}
middle = arg->length / 2;

childarg.a = arg->a
childarg.length = middle;

pthread_create(&child, NULL, &par_merge_sort, &childarg)
par_merge_sort(arg->a + middle, arg->length -middle);
pthread_join(&child, NULL);

merge(A, length, middle);
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AvvauLlKOC MPOoYPOUUMATIONOC

@ Memoization MPoowWPLVWY ATIOTEAECUATWY: “WC TWPA
KaADTEPO”
o EEaptrioelc endpevwy ADoewv and MPonyoUUEVEC
o Awagpopd and divide-and-conquer:
@ Xprion “Kowwv” MPonyoUUeEVWY ADCEWY amd MOAAEG EMOUEVES
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Mapddetypa: Levenshtein Distance

int edit_distance(char *strl, char *str2) {
inti, j;
int result;
const int lengthl = strlen(strl);
const int length2 = strlen(str2);

int % *dist = alloc_2d_array(lengthl+1, length2+1, sizeof(int));
for(i = 0; i < lengthl; i++) dist[il[0] = i;
for(j = 0; j < length2; j++) dist[0][j] = i;
for(i =1;i <=lengthl; i++) {

for(j = 1; ] <= length2; j++) {

dist[il[j] = (s1[i- 1] == s2[j -11) ? dist[i-11[j-1]
: 1 4+ min3(dist[i-1][j1, dist[il[j-11, dist[i-11[j-1]);
}

}

result = dist[lengthl][length2];
free_2d_array(dist);

return result;

}
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MapReduce

@ BaoiCetal og GuVOPTNOLOKO TTPOYPAUUATIOUO

Lisp 1960

KdBe 6edopévo ypdpeTal o popd édtav dnuovpyeitat
Immutable data structures

KdBe vroAoylopdc emotpépel véa dedouéva

Ae xpeldletal ouyxpovioudg os writes emeldr) OAa Ta writes
elvat thread-local

@ Revival: Google Big Data

@ Av KATL unopel va ekppaaTel, MOAD EOKOAOG
MUPAAANALOUOC
@ Pattern: AvaAapuBdavel load balancing, sorting, reduction
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