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Threading Building Blocks

@ C++ template library yla avamntugn napdAAnAov
AOYLOULKOD

@ H BBAL0Brikn xpnotpotmotel Tnv €vvola Twv tasks ywa tnv
EKQPOON TOL MOUPOAANALOUOD

@ Ta tasks avatiBevtal oe cores amnd tn BLRALOOAKN
duvaukd

@ ALELKOADVEL TOV TIPOYPOUUATLONO
o KaAOTtepn xprion caches
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MAgovekTApaTa TNG TBB

NOYLKOG apaAANALouSC avti yia threads
MoapaAANALOMOC Vi TaxOTNTA
ZopBatéTnTa HE AAAEG Hop@EG threading
Engaon ot data parallelism

Generics (templates)

Etowua patterns napaAAnAitopon
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MelovekTnuata tnc TBB

@ Oy yla mapaAAnAtoud 1/0
@ Oy yLa real-time epapuoyég
e “unfair” ektéAeon Twv dLaBéapwy tasks, yia Adyoug
BeATiwoTtomnoinong otig caches

@ B1BAL0OAKN - ©¢uaTta compilation
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Baowkeg 16€€c

@ OpLoudG MapaAANALOUOL e tasks avti threads
@ To obotnua avtiotolyxel oe dlaBéaolua threads, vrtootnp(Cel
nested tasks

@ XTéX0G N KAlHaKkwoludTnTa (scalability)
@ Xpnowuomnotel £Tolpa anodoTtikd parallel patterns
e Avtéupato load-balancing pe work-stealing
@ Open Source: Linux, Windows, MacQOS, FreeBSD, Solaris,
XBox 360, ...
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Aopéc MapaAAnAtopo0

@ Parallel Algorithms

e parallel for, parallel for each, parallel reduce,
parallel do, ...

@ Flow Graphs

o data flow
e functional nodes, buffering nodes, split/join nodes, ...

@ Ranges, Partitioners
o MMeplypaer] Katavounic 6edouévwy
@ Tasks, Task groups
o lMevikdg tasking mapaAAnALopog
@ Task scheduler
o EmAoyn MpoTepALOTATWY, KA.
@ Synchronization primitives
e atomic operations, mutexes, rw_mutexes
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Aopéc MapaAAnAtopo0

@ Thread Local Storage
e combinable, enumerable thread specific
@ Concurrent containers

e concurrent hash map, concurrent queue,
concurrent bounded queue,
concurrent priority queue, concurrent vector,
concurrent unordered map, concurrent unordered set

@ Memory allocators

e tbb allocator, cache aligned allocator,
scalable allocator
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Task-based MapaAANALOUOC

@ Ta tasks glval mapduola pe ta tasks oto OpenMP

o Light-weight units of work
e User-level

@ TBB scheduler

o Avtiotouxel tasks oe threads
o Xep{Cetal to thread pool

@ O TBB scheduler eivat unfair
o lMpoTiud tasks mov €xouvv kKaAd cache locality

@ Ano@elyeL oversubscription kat undersubscription pe tnv
TEXVLKN work-stealing
e To ocbotnua BAEneL ool cores lvat idle kol “KAEBEL” tasks
and TOLC LTTEPPOPTWHEVOLC
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AAy6pLBuoL TBB

High-level parallel patterns
Etolua patterns o€ generic KWdKa yla ta cuyvéTEPa (6N
MOUPAAANALOUOD
@ parallel for, parallel for each:
o Map&AANAN ektéAeon BpoXwy Pe aveEdpTnTa iterations
@ parallel reduce:
o MoapdAAnANn ekTéAEDN BPoxwy Pe aveEdpTnTa iterations
TIOL 0TO TEAOG CLVOLATOULY T AMOTEAECUATA TOUG
@ parallel scan:
@ YrnoAoyloudg tou parallel prefix
@ parallel pipeline:

e NapdAAnAo pipeline mov dnulovpyeital and ogelplakd Kot
MOPAAANAQ KOUPATLO

Pratikakis (CSD) CS342, 2023



AAy6pLBuoL TBB

@ parallel do:
o MapdAANANn ektéAeon Bpoxwv PeE aveEdpTnTa iterations
émou unopel va mpokOYouv véa iterations Katd Tnv
EKTEAEDON

@ parallel sort:
o MoapdAAnAn Tagwdunon
@ parallel invoke:

o Map&AANAN eKTEAEDN YEVIKWY ouvopTriocwy péow function
objects rj function pointers
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Parallel For

#include <tbb/blocked_range.h>
#include <tbb/parallel_for.h>

template <typename Range, typename Body>
void parallel for(const Range& range, const Body& f
[, task_group_context& context])

#include "tbb/parallel_for.h”

template <typename Index, typename Function>
void parallel_for(Index first, Index last
[, Index step], const Function& f);

@ XwpiCel Ta ranges oe subranges kat polpdlel Ta
subranges ota dlabéapa threads
o loouotlpacuévol vrtioAoyLopol
o KaAn xpnon caches
@ Scalability
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@ To Range €lval generic kwWdlkag (template)
@ H BLBAL0BKN MEPLEXEL £TOLUA ranges yLa TLG OLXVOTEPEG
MEPLMTWOELG
e blocked range, blocked range2d, blocked range3d

@ To npdypapua unopel va oplosl custom ranges
LAOTIOLWVTAG TLG HEBBBOULG:

MyRange::MyRange (const MyRange&) // Copy constructor
MyRange::~MyRange() // Destructor
bool MyRange::is_empty() const // True if range is empty

// True if range can be partitioned
bool MyRange::is_divisible() const

// Splitting constructor; splits r into two subranges
MyRange::MyRange(MyRange& r, split)
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Granularity

@ Mapduolo he tnv nopdueTpo grain/chunk tov OpenMP

@ Mépog tou blocked range

@ To yxpnowuomotwolv ot parallel for katparallel reduce,
OxL dpeoa o task scheduler

@ YKOmAC Tou grain size g{vat To overhead amortization éxt
To load-balancing
@ To granularity petpd loop iterations

@ Tumkd “good enough” emAoyr, cwotr Tdgn peyédoug

@ ZwoTtr emAoyn granularity

e Métpnon tov single-processor performance

o KaAlTtepa Alyo peyaAdtepo and to optimal

o Amog@uyn HEYAAWVY overheads o€ eKTEAEOELG pe 1
ene€epyaoti
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Mapddetypa

const int N = 100000;

void change_array(float array, int M) {
for (inti =0;i <M; i++){
array[i] x= 2;
}
}

int main (){
float A[N];
initialize_array(A);
change_array(A, N);
return 0;

}
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Mapddetypa

#include <tbb/blocked range.h>
#include <tbb/parallel_for.h>

using namespace tbb;

void parallel_change_array(float *array, size_ t M) {
parallel_for(blocked_range<size_t>(0, M, IdealGrainSize),
[=](const blocked range<size t>&r) -> void {
for(size_ti = r.begin(); i !'=r.end(); i++)
array[i] x= 2;
}

)
}
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Task Scheduler

@ H BLBAL0BAKN dnuovpyel €va task scheduler avtépata
o6tav xpeldletal threads Kat ToOV KATAOTPEPEL AVTOHUATA
dtav dev xpetdlovTal ma

@ O MPOoYPAUUATLOTAG UMopel va EAEYEEL TN
dnuovpyila/kataotTpon Tou task scheduler (yla amoguyn
overhead)

#include <tbb/task_scheduler_init.h>
using namespace tbb;

int main (){
task_scheduler_init init; //threads creation
float A[N];
initialize_array(A);
parallel_change_array(A, N);
return 0O;

} // out of scope -> threads destruction

@ MapdapueTpog otov constructor: maximum threads
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Mpoypauuationdc Ye generics A lambda
(Generics

class ChangeArrayBody {
float xarray;
public:
ChangeArrayBody(float *a): array(a) {}
void operator()( const blocked_range<size t>& r ) const{
for (size_ti = r.begin(); i '=r.end(); i++ ){
array[i] x= 2;
}
}
I3

void parallel_change_array(float *array, size_ t M) {
parallel_for(

blocked_range<int>(0, M, IdealGrainSize),

ChangeArrayBody(array)

);

}

Pratikakis (CSD) CS342, 2023 17/56



Mpoypauuationdc Ye generics A lambda

void parallel_change_array(float *array, size_t M) {
parallel_for(blocked range<size t>(0, M, IdealGrainSize),
[=](const blocked_range<size_t>&r) -> void {
for(size_ti = r.begin(); i !'=r.end(); i++)
array[i] x= 2;
}

)i
}
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Generics Kol Lambda functions

@ Kat ta 8600 6ivouv tnVv (6l TaxdTNTO KAl overheads

@ “Syntactic sugar” Tpdmnog yla va ekppacTel To (6Lo vonua

@ Kdamoleg popécg xpeldletal generic ékppaon, 6 yiveTtal pe
lambda

o Mapadelypata pe lambda étav yivetal (UikpdTeEpQ)

@ Lambda functions: vrtootriptEn otn C++11, noapdueTPOG
-std=c++0x otov compiler
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Parallel Reduce

#include <tbb/blocked_range.h>
#include <tbb/parallel_reduce.h>

template<typename Range, typename Body>
void parallel_reduce( const Range& range, Body& body );

template<typename Range, typename Value, typename RealBody, typens:
Value parallel_reduce(

const Range& range,

const Value& identity,
const RealBody& real_body,
const Reduction& reduction
);

v

@ H 6opn parallel reduce xwp(Cel To apyLkd range o€
subranges 6nw¢ kot n parallel for

@ H ouvdptnon RealBody kaAe({tal yla ta subranges, Kat Ta
QMOTEAEOMATAE TNG “evyvovTal” and Th cuvdptnon
reductionFunc
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Mapddetypa

#include <limits>

// Find index of smallest element in a[0...n-1]
size_t serialMinIndex(const float a[], size_t n) {
float value_of min = numeric_limits<float>::max();
size_t index_of_min = 0O;
for(size ti =0;i <n; ++i) {
float value = alil;
if(value < value_of min) {
value_of_min = value;
index_of_min = i;
}
3
return index_of_min;

}
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Mapddetypa

#include <limits>
#include <tbb/blocked range.h>
#include <tbb/parallel_reduce.h>

size_t parallelMinindex( const float a[], size tn) {
return parallel_reduce(blocked_range<size_t>(0,n,10000), size_t(0),
[=](blocked_range<size_t> &r, size_t index_of_min) -> size_t {
float value of min = a[index_of min];
for(size_t i=r.begin();i'=r.end();++i) {
float value = a[il;
if( value < value_of _min) { // accumulate result
value_of min = value;
index_of min = i;
¥
}
return index_of_min;
Vo
[=1(size_t i1, size_ti2) { // join
return (alil]<ali2])? i1:i2;
}
);
}
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Parallel Sort

#include <tbb/parallel_sort.nh>

template<typename RandomAccesslterator>
void parallel_sort(

RandomAccesslterator begin,
RandomAccesslterator end
);

template<typename RandomAccesslterator, typename Compare>
void parallel_sort(

RandomAccesslterator begin,

RandomAccesslterator end,

const Compare& comp
);

/.

@ H dopn parallel sort ywpi(Cel TOo apyxLkO range o€
subranges 6nw¢ kot n parallel for

@ MapdAAnAn quicksort — Balance pe work-stealing
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@ Tasks: Units of work

@ AlaxwpiCouv TNV £€K@Paacn Tov MapAAANALGHOD amd TNV
EKTEAEDH TOL

@ TBB task scheduler

Per thread

Unfair, non-preemptive

XaunAod overhead, avtiotoiyion tasks/threads
Load-balance: work-stealing
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Napdadelyua: Fibonacci (maAL)

@ Toy benchmark
@ Unbalanced vmoAoylouog

long serial_fib(long n) {
if (n<?2)
return n;
else
return serial_fib(n-1) + serial_fib(n-2);
}
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parallel_invoke

void parallel_fib(int n, long &sum) {
if (n<2)
sum = n;
else if (n < 1000)
sum = serial_fib(n);
else {
long x, y;
tbb::parallel_invoke(
[&] () { parallel_fib(n-1, x); },
[&] () { parallel_fib(n-2, y); }
);
sum =X +y;
}
}
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parallel_invoke

@ O ovvapTnoelg o déxetal n parallel invoke dev
MTIoOPOo0V va d€xovTal j va EMOTPEPOLY TLUEG.
@ EOKOAN Abon pe lambda ekgpdoelg, capture HeETABANTWY
by reference
@ EkTteAolvTal WG XWPLoTd tasks and to dSlaBEoLuo
TMUPAAANALOUO

@ X710 TtéAog tnG parallel invoke €xouv ekteAeotel OA
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Task Groups

@ Evog tpoémnog va opadomnotndolv tasks mapdAAnAa petagd
TOUG
o AlagopeTikd task groups pmnopel va unv elvat nopdAinia (r
va glvat)
@ Mnopel va HEYOAWTEL HUVAULKA
@ lNa ndpa moAA& tasks oto (610 task group umopel va yivel

apyo
e Task spawn: oslplakd, synchronization operation

CS342, 2023 28/56
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Task Groups Fibonacci

#include <tbb/task_group.h>
using namespace tbb;

int Fib(int n) {

if( n<2) {
return n;

} else {
intx, y;
task_group g;
g.run([&]{x=Fib(n-1);}); // spawn a task
g.run([&1{y=Fib(n-2);}); // spawn another task
g.wait(); // wait for both tasks to complete
return x+vy;
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Tasks ywpi(c lambda

@ “Mapadoaiakd” API

@ Task class
@ Allocate, Construct

@ Recursive

long parallel_fib(long n) {
long sum;
FibTask& a = xnew(Task::allocate_root()) FibTask(n, &sum);
Task::spawn_root_and_wait(a);
return sum;

}
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Tasks ywpi(c lambda

public:
const long n;
long *const sum;
FibTask(long n_, long xsum_) : n(n_), sum(sum_) {} // constructor

task* execute() { // override virtual execute for task body

if( n < 1000) {
*xsum = serial_fib(n);

} else {
long x, y;
FibTask& a = *knew(allocate_child()) FibTask(n-1, &x);
FibTask& b = *knew(allocate_child()) FibTask(n-2, &x);
// keep count of children tasks (count +1 for waiting on 2 children)
set_ref_count(3);
spawn(b);
spawn_and_wait_for_all(a);
sum =X +y;

}
return NULL;
}
b5
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MapdAAnAa Containers

@ H BLBAL0Brikn TBB mepLéxel mapAAANAEG LAOTIOLATELG
XPAOwv containers
@ Ta C++ STL containers 6ev ival ypappéva yla xprion Ue
MUPOAANALOUS
e H xprion STL containers map&AAnAa pnopel va ta KAveL
corrupt
@ Yuvlnc xpnon: wrap Pe lock
@ Xelplomnoinon
@ Agv KAlpokWwveTal, bottleneck, congestion
@ TBB Containers
Fine-grain ouyxpoviouog
XaunAdtepn andédoaon os oslplakr xprion
KaAOTepn KALHOKWOLPATNTA O TIOPAAANAO KWK
Agv xpeldlovtal Tov TBB scheduler
ZupBatd pe pthreads, OpenMP
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Container API yiLa mapaAANALOUO

@ H C++ STL nepiéxel containers pe APIs mouv amnattoov
osLploKr eKTéAEON

@ Mapddelypa

extern std:queue q;

if (!q.empty()) {
// race: first thread that pop()s will make queue empty
item = qg.front();

q.pop();
3

@ AbOon: concurrent queue
o Néo API: pop if present()
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Concurrent Queue

@ concurrent queue<T>
@ Awatnpel Tnv Tomkn FIFO oelpd
@ Av éva thread €lodyel 600 TIWéC Kal éva dAAo thread
BydAeL, n peta&d Toug oelpd Ba sival (Bla
@ H uéBodocg push(const T&) elwodyel avtiypago Tou
OVTIKELMEVOL OTO TEAOG TNG 0LPAEG
@ AUo €(dn pop:
@ pop(T&): Blocking, mepLuével
e pop if present(T&): Non-Blocking, 6gv meptpevet
@ H uébodocg size() eMOTPEPEL AKEPALO APLOUO UE
npdonuo, signed
@ ApvnTikS amnoTéAeopa HETPE TIOGQ pop TEPLUEVOLY
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KaAr xprnion Concurrent Queue

@ Kabe queue eival ovalaoTikd bottleneck
o MpéneL va diatnpel Ty first-in-first-out oelpd
@ Kabe thread nmou npoomnaBel va mApeL pla TLun pnopel va
XPELHOTE( VO TIEPLUEVEL HEXPL VO UTIAPEEL LA TLUNA

@ Av ¢€va thread ewodyet pia Tiur Kat éva dAAo thread tnv
BYAAeL, Ta Hebopéva MPEMEL va HeTAPEPBODY GTOV MLPHVA
omov ekTeAe(TaL TO 20

@ ZuvnAbwg Ta queues aPrivouy ta dedopEva va eOyouy and
TNV cache mpw xpnaotpomnotndolv (amd éva pEyebog Kat
névw)

@ Use wisely

@ lowcg xpeltdletal rewrite pe xprion parallel pipeline
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MNapddetypa Concurrent Queue

#include<iostream>
#include<tbb/concurrent_queue.h>

using namespace tbb;

int main() {
concurrent_queue<int> queue;
int j;

for (inti =0;i < 10; i++)
queue.push(i);

while(!queue.empty()) {
queue.pop(&j);
cout << "From queue:” << j << endl;

}

return 0;

}
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Concurrent Vector

@ concurrent vector<T>
@ Aettovpyel Onwg évag mivakag and T mov pnopel va
MEYOAWOEL SBLUVAULKA
e M£60obog grow by(size type) mpooBéteL otolxela oto
TEAOG
e M£Bodog grow to at least(size type) mpooBEtel
otowxela péxpt to {ntovuevo uéyebog
o MéBobog size() emoTpépel Tov aplBud otolxelwv mov
TEPLEXEL TO vector
o MéBobdog empty () emotpépel size() ==
@ Ta otoela HEV PETAKLVOUVTOL TIOTE PEXPL VO 0PaALPEOODY
o Mnopel va yivetal mpédcoBacn napdAANAa Le grow
@ H péBodocg clear () dev elval thread-safe yia napdAANAn
EKTEAEON WE resize
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Mapdadetypa Concurrent Vector

void append( concurrent_vector<char>& V, const charx str) {
size_type n = strlen(str) + 1;
memcpy( &V[V.grow_by(n)], str, n+1);

}

@ lMpooBnkn €vog str otov concurrent vector

@ MeyaAWveL Tov vector WoTe va XwWpPE& To véo
aAQaPLOUNTLKO
o Hgrow by emotpégpel To mponyoLuevo HEyeBOC
o Ekel mov unaivouv ta véa otolyeila
e lNveTtal copy To string 6To véo Xwpo
o Tavtdypova EMTPEMOVTAL VEX grow
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Concurrent Hash Map

@ concurrent hash map<Key, T, HashCompare>

@ Avtiotowxel To Key oto otowxelo tomou T
@ Mnopel va yevikeDoel Tn o0YKPLON KAEWBLWY PE TNV KAGON
HashCompare
@ M£6060¢ hash() avtiotowyel To Key o€ Kdmnowo size t
o MéBobdog equal() emotpépel true av 6vo KAeWOLA elval (Bla
@ Emtpénel tavtdypova count(), find(), insert(), kot
erase()

@ OLfind() kat insert() xpnowuormotobv “smart pointer”
mov Asttoupyel we lock yia to k&Be otolyeio

@ Qg accessor divel read-write mpéoBaan
@ Q¢ const accessor divel read-only npéoBaaon

@ To lock yilveTtal release étav kataoTpape({ o smart pointer
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Napddetypa Concurrent Hash Map

typedef concurrent_hash_map<string, int> myMap;
myMap table;

string newstring;

int place = 0;

/.

while ( getNextString(&newString)) {
myMap::accessor a;
if (table.insert(a, newString)) // new string inserted
a->second = ++place;
}

v

@ Av n insert emoTpEyel true, £yLve eLOayWYr TOL VEOU
oAQaPLOPNTLKOL

e To meplexduevo Tou hash map yla To aA@apLBunTiké slval
n oepd tng ALENG amd tnv getNextString

@ Av n insert emotpéyel false, vmdpyel RdN
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Napddetypa Concurrent Hash Map

myMap table;
string s1, s2;
int pl, p2
/o

{

myMap::const_accessor a; // read lock
myMap::const_accessor b;
if (table.find(a, s1) && table.find(b, s2)) {
pl = a->second; p2 = b->second;
if (pl < p2) cout << sl << " seen before " << s2 << end|;
else cout << s2 << " seen before " << sl << end|;

else cout << "One or both strings not seen before” << endl;

}

v

@ Av n find emotpéyel true, To AAPAPLOUNTLKS LTTAPXEL OTO
hash table

@ To nedio second ToL pair mMov MePLEXEL 0 accessor lval o
oPLOPOC OELPAC TOU CAPAPLOUNTIKOL
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Scalable Memory Allocator

@ H duvaukn duayxeipion pvung unopel va yivel bottleneck
o Ta threads deopebdouv pvAun oto heap e mutual exclusion
@ Mévo éva malloc() avd ndoa oTLyun

@ False sharing: Navw and €va threads ypdgouvv

dlagpopeTikd onueia Tov (dlov cache line
@ Ping-pong tou cache line otig 61dpopeg caches,
KaBuotepel 6AouC

@ H BBA0Brikn TBB meptéxel Vo allocators
o Mapdbuola pe tov STL std::allocator
e scalable allocator

@ KAwpakwotpo, aAAd xwplc npootacia and false sharing
@ H pvriun deopeveTal ya KdOe thread amnéd SlapopeTikd
memory pool

e cache aligned allocator
o KAlnakwowétnta Kat npootacia and false sharing
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API - scalable allocator

#include <tbb/scalable_allocator.h>
template<typename T> class scalable_allocator;

void *scalable_malloc( size_t size );

void scalable_free( void *ptr );

void *scalable_realloc( void xptr, size_t size );
void *scalable_calloc( size_t nobj, size_t size );

Tx A::allocate( size_type n, void* hint=0) // Allocate space for n values
void A::deallocate( T* p, size_t n ) // Deallocate n values from p
void A::construct( Tx p, const T& value )

void A::destroy( T* p )
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MNapddetypa xpnong

#include <tbb/scalable_allocator.h>
typedef char Elem;
typedef std::basic_string<_Elem,
std::char_traits<_Elem>,
tbb::scalable_allocator<_Elem>> MyString;
Y/

int xp;

MyString strl = "qwertyuiopasdfghjkl”;
MyString str2 = "asdfghjklasdfghjkl”;

p = tbb::scalable_allocator<int>().allocate(24);
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Flow Graph

@ Data Flow Graph pattern

MepLKEC eQapUOYEG eKpPAlovTal WG KOUBOL ypdeou Tou
QVTAAAATOLY UNVOUaT

Reactive nmpoypauuatiopdc: event — response

Task graph, moAOMAokeC oxéoelg HeTAED tasks

Epapuoyég actor-based, k6upBot actors mov avtidpoldv GTo
nepLBaAAoY

KATL
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E{6n k6puBwv tou Flow Graph

@ Functional: ekteAolv pLa Asttovpyia
@ source node: EkteAel pla ouvdptnon kat mopdyeL To
ATMOTEAECUQ
e continue node: MNapdyel €£060 6Tav AdPeL eicodo and
OAec TIC €10660LC¢
o function node: EkteAel pla ouvdptnon ndvw otnv eicodo
Kol ETMLOTPEPEL TO AMOTEAEOUE TNG O OAEC TIC £EGBOLC
e multifunction node: EkteAel pa ovvdptnon mdvw otnv
€(0060 KoL eMOTPEQPEL TOAAA ATIOTEAEOUATO OE TIOAAEG
€€0660LC
@ Buffering: Aettovpyla anoBrikevong dedopEvwy
e buffer node: Buffer pnvupdtwv, €€060G o €vav-£vav, oxt
anapaiTnTa pe Tn oepd (MoapdAAnAa)
@ queue node: FIFO buffer, é£060¢ pe tn oelpd
@ priority queue node: Queue UE MPOTEPALOTNTA
@ sequencer node: Priority ue Bdon To sequence mouv
nopdyetal ue custom ovvdptnon
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E{6n k6puBwv tou Flow Graph

@ Split/Join: cLVBLOOUSOC AMOTEAECUATWY SLAPOPETLKWIV
HMOVOTIATLWY 0TO YPA®PO, ) dnuiovpyla HOVOTIATLWVY

@ queuing join: E{oobog and FIFO queues, 6tav AEG £xouv
otowxeio, £€€060¢ tuple

@ reserving join: Kpdtnon twv g1dédwv kat verification
6tav elval 6Aec BlaBéolueg, aAALWC release

e tag matching join: YnoAoyloudg tag/key pe custom
hash() kat emAoyn pe Bdon tag

e split node: E{codog amod tuple kat €£060G o€ xwpLoTA
KOUUATLO

e indexer node: Avauetddoon kdbe eLoddov amnd k&dbe BUpa
€10660v og OAeC TIC €£660UC WG union
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E{6n k6puBwv tou Flow Graph

@ Other

e broadcast node: Avauetddoon k&Be €.0660L o€ OAEG TLG
€€660L¢

e write once node: Buffer peyé6oug 1, dev unaivel 20
nepLexdpEVo av v adeldoel To MPWTO

e overwrite node: Buffer peyé6oug 1 mouv kpatd pévo to
TeAevtalo push

o limiter node: Onwg to broadcast node aAA& emAéyel N
pnvopoata, HeTd and N unvouaTo oToPaTd va HExeTL
e{oodo
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MNapddetypa Flow Graph

#include <iostream>
#include <tbb/flow_graph.h>
using namespace std;
using namespace tbb::flow;
int main() {

graph g;

continue_node<continue_msg> h(g,

[1(const continue_msg&) { std::cout<<”Hello ”; }

continue_node<continue_msg> w(g,
[1(const continue_msg&) { std::cout<<”Flow Graph World\n”; }

nlwake_edge(h, w);
h.try_put(continue_msg());
g.wait_for_all();
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2UYXPOVLOUOC

@ MepPLKEC POoPEC LIApPYEL avayKkn MapAAANAa tasks va €xouv
npoéoBaon o€ shared data
e Mutual exclusion, anoguyr data races
@ H TBB napéxel high-level abstraction ywa hardware
synchronization
@ Atomic update piag pévo peTaBANTAC
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Primitives Zuyxpoviouo0

@ Scoped locks

@ Lock range nov eEaptdTal and to lifetime Tov avtikelpévou
(scope)
e EEo0boc and to scope kKaAel Tov destructor, exception-safe
e EAaylotomnoinon tov lock lifetime: Atydtepo congestion
o MoAAd& mBavd patterns
@ Spin-locks, queue-locks
@ Writer, reader/writer locks
@ Scoped wrapper Tng native ouvdptnong
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atomic<T>

E{te tomog 6eiktn, elte Baolkdg TOMOC

8, 16, 32, 64-bit integers

type-safe

= X Kal X =: read/write

x.fetch and store(y): avtikatdotaon TIHAG,

EMOTPOPN TNG MPONYOUHEVNG

@ x.fetch and add(y): adb&non TwNG, emoTpoer TNG
nponyovuevng

@ x.compare _and swap(y, p): conditional avtikatdotaon

ME VEQ TLUH, EMLOTPOPNA TNG MPONYOVUEVNG

atomic<int> i;
int z = i.fetch_and_add(2);
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TBB Mutex

@ AvTike{peva C++ mnov BaoiCovtal os scoped locking

@ XpnaowuomotobvTat yla Tn diaxelpion locks, mapéyxouv
mutual exclusion

M() // Construct unlocked mutex

~M() // Destroy unlocked mutex

typename M::scoped lock // Corresponding scoped_lock type
M::scoped_lock () // Construct lock w/out acquiring a mutex
M::scoped_lock (M&) // Construct lock and acquire lock on mutex
M::~scoped_lock () // Release lock if acquired
M::scoped_lock::acquire (M&) // Acquire lock on mutex
M::scoped_lock::release () // Release lock
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E{(6n mutex

@ Fair
@ Ta threads ekteAoUv To critical region e Tn ospd mouv To
@Tdvouv
o Unfair mutexes emtpénouv Alydtepa context switch
agrvovtac threads mov Tpéxouv NdN va EKTEAETOLY TPWTA
TO region
@ Reentrant
@ To thread mouv €xeL KAELBWOEL TO Mmutex pnopel va to
EavaKAELBWOEL
@ XpAoLuo 0 AVOOPOULKS KWOLKa
@ Spin
@ Busy-wait xwpic context switch
o KaAOTEPO yla PLIKPA avapov
e KatavdAwon cpu resources
@ XelpdteEpo o€ congestion
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E{(6n mutex

@ spin mutex
@ Non-reentrant, unfair, spin

@ [MoAD ypriyopo yla ouyxpovioud mouv xpeldletal ondvla,
low-congestion, moAD pkpd critical sections

@ queuing mutex
o Non-reentrant, fair, spin
@ Xpnowuo étav xpeldletal KAlLaKwoludTNTa Kal fairness
@ queuing rw mutex
o Non-reentrant, fair, spin
@ spin rw mutex
@ Non-reentrant, unfair, spin
@ Xpnron yta to ReaderWriterMutex pattern
@ mutex

o Wrapper ywa to OS sync
@ X7o linux elvat pthread mutex

@ recursive mutex
o Onwc to mutex, aAAd reentrant
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Mapddetypa Mutex

#include <tbb/spin_rw_mutex.h>
using namespace tbb;

spin_rw_mutex MyMutex;

int foo() {
/* Construction of 'lock’ acquires ‘MyMutex’ %/
spin_rw_mutex::scoped_lock lock(MyMutex, /xis_writerx/ false);

read_shared_data (data);

if (!lock.upgrade_to_writer()) {
/* lock was released to upgrade;
may be unsafe to access data, recheck status before use */
} else {
/* lock was not released; no other writer was given access */

}

return 0;
/* Destructor of 'lock’ releases ‘MyMutex’ */

Pratikakis (CSD) CS342, 2023 56/56



	Εισαγωγή
	Components
	Parallel For
	Παράδειγμα
	Task Scheduler
	Generic vs Lambda
	Parallel Reduce
	Παράδειγμα
	Parallel Sort
	Task-Parallelism

	Containers
	Concurrent Queue
	Παράδειγμα
	Concurrent Vector
	Concurrent Hash Map

	Memory Allocation
	Flow Graph
	Synchronization

