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‘ CoaepxaHue

Q Uenb paboTbl

QllocTaHoBKa 3agayuun

Q PasnunyHble nogxoabl K pacrnpeneneHuto BblYUCIINTENbHON Harpy3sKku
— PaspeneHune MHOXecCTBa Yncen Ha ogMHaKoBble YacTy MO YNCTY NOTOKOB
— PaspeneHne MHOXecTBa 4uncen no cxeme Round-robin
— PasgeneHune MHoXecTBa Yncest Ha HebonbLwure rpynnol
— [AnHamunyeckoe pacnpeneneHme BblYNCNUTENBLHOM Harpy3Kku

— Pacnpegenenue Harpysku cpegcrtsamm OpenMP
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Llenu

O PaccmoTpeTb Ha npumepe 3agayvn pasnoXeHust YNCen Ha npocTble MHOXUTENN
HEKOTOpPbIE BOMPOCHI, BO3HMKAlOLWME Npu pacnapannenmBaHnum anropuTMoB Ha
cuctemax c ooLien namaTbio

QA lNony4ynTb HaBbIKM aHann3a U cpaBHEHNS PasfiMYHbIX NOAX0O40B K
pacnapansienimBaHuio ¢ NoMoLLblo MHCTpPYMeHTOB Intel® oneAPI
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NMocTaHOBKa 3agaum...

0 3agava: pasnoXuTb Ha MPOCTble MHOXUTENU (pakTopu3oBaTb) Yncna ns
ananasoHa ot 1 go N

Q V|CI'IOJ'Ib3yeTCF| ariropuTmMm, KOTOprVI OCHOBaH Ha NorbITKE AEeJTEHNA
(*)aKTOpVI3yeMOFO YUCJ1a Ha KaXxXgoe N3 MEHbLUNX €ro Yncerst.

— Ecnu octaTok oT geneHus paBeH HYJIIO, TO oqepe,u,HoM MHOXWNTEJ1b 3alfTlOMUHAETCA,
nocre 4ero npon3soanTCcAd NnOBTOPHasA NMonbiTKa AeJf1eHNA Ha 3TO XKe YUCII0

— Mpwn HaxoXxaeHUU Kaxaoro MHOXUTENS PaKTOPMU3YyEMOE YMCIIO AENUTCS Ha HEro

— AnropuTtm 3aBeplLuaeT paboTy, Korga YacTHOe OT OMepeaHoro AeneHns CTaHOBUTCS
paBHbIM eauHuLEe
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NMocTaHOBKa 3agaum

Qllpumep: 12 = 7%?7*...*7?
12 / 2 = 6; // npobyem pas3genutb Ha 2 pa3
6/2=3; //npobyem pasgennTb Ha 2 eLle pas
3/2=1.5;/ 6epem cneayowmn genntens
3/3=1; [/ CTOMNM! — nony4nnun egnHnuy

QPesynbrar: 12=2*2*3

O 3ameyaHue: gaHHbIN anropuTm akropmsaumm UCnonb3oBaH TOMNbKO ANS
OEeMOHCTpaunm Bo3MoxHocTen naketa Intel® oneAPI, a Takke aeMoHcTpaumn
MEeTOAOB pacnpeneneHns BblYUCINUTENbLHOU Harpy3Kku.
— Ha npaktuke ncnonbe3ytoT anroputmel lNonnapga, dukcoHa v gp.
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MporpammHan peanusauus...

0 dakTopusauusi 3a4aHHOro Ynucna:

void factorization_i(int number, vector<vector<int> > &divisors)

{
int idx = number;
for (int j = 2; j < idx / 2; j++)

{

if (number == 1) break;

int r;

r = number % j;

if (r == 09)

{
divisors[idx].push_back(j);
number /= j;

J--;
¥
¥
¥

— koA, dpakTopu3aumn byget HeEM3MEHHbIM Kak Ans nocrneaoBaTenbHON, Tak U Ans
weer, MTAPAnenbHbIX BEPCUA anroputMoB
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‘ MporpammHan peanusauus

QllocnenoBaTenbHOE pelleHne 3agauyn.

void factorization(vector<vector<int> > &divisors)
{ for (int i = 1; i < NUM_NUMBERS; i++)
{
int number = i + 1;
factorization_i(number, divisors);
}
}

int main()

{
vector<vector<int> > divisors(NUM_NUMBERS + 1);
double time = omp_get wtime();
factorization(tid, numThreads, divisors);
time = omp_get _wtime() - time;
cout << "Time :" << time << endl;
return 9;
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BbluncnurenbHaa nHppacTpyKkTypa

QA BeluncnunrtenoHasa nHgpactpykrypa:

EEEEEEEEE

[Mpovueccopebl Intel(R) Xeon(R) Platinum 8260L CPU @ 2.40GHz
“Yncno npoueccopos 2

Obuwee yncno agep 48

[MamaTts 512 Gb

OnepaumoHHasa cuctema Linux CentOS 7

KomnunsaTop, Intel® oneAPI

NPONMPOBLLMK, OTRaguMK
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Pesyn bTaTbl BbIYUCIIUTEJIbHbLIX JKCNMepnMeHTOB

0 Pewaemasa 3agava:
— ®akTtopusoaTb ymcna [2..1000000]

O Bpemsa paboTbl nocrnegoBartenbHoro anroputma: 174.15 c.

Q JanbHenwue warn onTMuMusaunm nporpamMmmbl;

— Peanusauus pasnuyHbix cXem pacnpeneneHusi BbIMUCINTENbHOM Harpy3ku mMmexay
sagpamm

— 3amep nokasaresien Npon3BoaUTENTbHOCTU — BPEMS BbIYMCIIEHUN U YCKOPEHUe
— lNpodoununpoBaHme NonyyYyeHHbIX peanusaunm
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NMoaxopn #1: paspeneHne MHOXeCTBa Yncen Ha OAMHaAKOBbLIe YaCcTu No
Yyucry NOTOKOB

Q CtpaTerna pacnpeneneHnsa Harpyskm mexagy notokamm
(nonHaga peanusauma B nanke 01_EqualPartition):

50K 100K 150K 200K

// tid - umeHTUPUKATOP IOTOKA
1. start < (NUM NUMBERS / NUM THREADS) * tid;
2. end ~ (NUM NUMBERS / NUM THREADS) * (tid + 1) ;
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NMoaxopn #1: paspeneHne MHOXeCTBa Yncen Ha OAMHaAKOBbLIe YaCcTu No
Yyucny NOTOKOB

Q lNporpammHas peanusaums:

void factorization(int tid, int numThreads, vector<vector<int> > &divisors)

{

int start, end;

start
end

(NUM_NUMBERS / numThreads) * tid;
(NUM_NUMBERS / numThreads) * (tid+1);

if(tid+1l == numThreads)

{
end = NUM_NUMBERS;
}
for (int i = start; i < end; i++)
{

int number = i + 1;
factorization_i(number, divisors);

}
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NMoaxopn #1: paspeneHne MHOXeCTBa Yncen Ha OAMHaAKOBbLIe YaCcTu No
Yyucny NOTOKOB

Q lNporpammHas peanusaums:

int main()

{
vector<vector<int> > divisors(NUM_NUMBERS + 1);
double time;

time = omp_get wtime();
#pragma omp parallel
{
int numThreads = omp_get num_threads();
int tid = omp_get _thread_num();
factorization(tid, numThreads, divisors);

}

time = omp_get_wtime() - time;

o

cout << "Time :" << time << endl;
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Pesyn bTaTbl BbIYUCIIUTEJIbHbLIX JKCNMepnMeHTOB

O Yem obycnoeneHa H1U3kaa adpdPEKTUBHOCTL?

Yuncno
NOTOKOB | Bpemsq, C. | YCKopeHune
1 174.2 1
24 13.7 12.7
48 6.9 25.2

EEEEEEEEEEE

24 48
Yncno noTtokoB

Linear Speedup m Equal Partition

OnTyMmM3aums BbIYMCNEHWNIA, acnekTbl Nnapannenuama, 6anaHcMpoBka Harpy3ku. 3agaya o BblYMCNEHUN
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NMpocdunupoBka nporpaMmMHOMN peanu3auum cpeacrteamm
Intel® oneAPI. o6wmnn aHanus Nnpon3BoAUTENbLHOCTU

vtune -collect performance-snapshot -r PerformanceSnapshot --
/01 _EqualPartition/EqualPartition

QB ganbHenwem il INTEL VTN PROFLER
ekoMeHayeTcsi cobpaTb e i

p 'u'y p Choose your next analysis type Elapsed Time : 6.999s
CTaTUCTUKY NMHCTPYMEHTA o
Hc_)tspots, _Threadlng m 00 0 o
Microarchitecture exploration = =

O O6paTtmnm bonee npuctanbHOE © SRARRSEERS
BHMMAaHMWE Ha MHCTPYMEHT | ey o ey
Threadlng ‘g h? np “9“"" Memory Bound : 0.1% of Pipeline Slots

Vectorization : 0.0% of Packed FP Operations

PQ ? [FM m ,P»gw o8 PCle Bandwidth : 0.000 GB/s
Compute/Media nteraction Overvie review) h
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NMpocdunupoBka nporpaMmMHOMN peanu3auum cpeacrteamm
Intel® oneAPI

vtune -collect threading rEquaIPartltlonTredlng --./01 EqualPartltlon/EquaIPartltlon

[ ivel VTune Prof a X
D M3 rpam” Ka CI-I paBa PerformanceSnapshot EvenOddTreding BlocksTreding DynBlocks Tredin DynBlocks_v2Treding OpenMPTreding EqualPartitionTreding *
Threading © INTEL VTUNE PROFILER
BMAHO, qTO y I-IOTOKOB Analysis Configuration ~ Collection Log Smmary Bumm-q) Caller/Callee Tp-dmnTme Platfon s
O: + e e $ " Thread * Slaachs b=
CyweCTBeHHO pa3Has f e mmsaa ace e
i CPU Time
OMP Worker Thread #45 (T ] .1 Transitions

3alpy3Kka BblHMUCITEHUAMMN.

— Heobxoanma 6anaHcupoBKka
Harpysku.

0 Bo3MOXXHbIE BapuaHThil:
— CTtaTtndeckasi banaHcupoBKa
— OmnHamunyeckasa 6banaHcmpoBka

CPU Utilization
i CPU Time

OMP Worker Thread #44 (TI

OMP Worker Thread £45 (Tl

OMP Worker Thread #40 (T,

OMP Worker Thraad #43 (TI

OMP Worker Thraad #42 (TI

OMP Worker Thread #41 (T1

OMP Worker Thread #39 (T1

OMP Worker Thread #36 (T,

OMP Worker Thread #32 (TI.

CPU Utilization

H|II|||||||

FILTER 1000% o || { Any Process | Thiead | Any Thread | Module | Any Moo w || Any Utization w || | User functons +

| | Functions only || Show nline function: v
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NMopaxopn #2: paspeneHne MHoXecTBa Yncen no cxeme Round-robin

O Crtpaterna pacnpenerieHnsa Harpysku Mexay notokamm
(mnonHaga peanusauuna B nanke 02_EvenOdd):

// tid - ummeHTUIUKATOP IOTOKA
// 1 — umHOekc umciyla B Habope umces, (aKTOPU3YEMBIX TOTOKOM
1. number = 1 * NUM THREADS + tid + 1;
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NMoaxopn #2: paspeneHne MHoXecTBa Yncen no cxeme Round-robin

Q lNporpammHas peanusaums:

void factorization(int tid, int numThreads, vector<vector<int> > &divisors)
{ for (int i = tid; i < NUM_NUMBERS; i+=numThreads)
{
int number = i + 1;
factorization_i(number, divisors);
}
}

int main()

{

#pragma omp parallel
{
int numThreads = omp_get num_threads();
int tid = omp_get thread num();
factorization(tid, numThreads, divisors);
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Pesyn bTaTbl BbIYUCIIUTEJIbHbLIX JKCNMepnMeHTOB

A llovyemy adpdEKTUBHOCTL BbIpOCia HE3HAYUTESNBbHO?

50
Uncno 40
NOTOKOB | Bpemsq, C. | YCKopeHune -
— o 30
1 174.2 1 S 20
x
24 12.2 14.3 <10 .
48 6.1 28.4 0

24

48

YUncno notokos

Linear Speedup m Equal Partition
O EvenOdd

““““““
DDDDDDDD
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NMpocdunupoBka nporpaMmMHOMN peanu3auum cpeacrteamm
Intel® oneAPI

vtune -collect threading -r EvenOddTreding -- ./02_EvenOdd/EvenOdd

Infel VTune Profiler - a8 x
D 3a rpy3 Ka I-I O I-I p e)l(H e M y P.+ DO PerformanceSnapshot EvenOddireding ¥ BlocksTreding DynBlocksTreding DynBlocks_v2Treding OpenMPTreding EqualPartitionTreding
Threading © INTELVTUNE PROFILER
H e p a B H O M e p H aﬂ . Analysis Configuration  Collection Log mmary Bottom-up Caller/Callee  Top-down Tree  Platform
+ E iy B e i 3 &= B [Thesd ;:Icl
? I Running CPU
p Cwarts
(OMP Worker Thread #13 (T1 i CPU Time
O * Transitions
— Psig uicen kpaTHbl e | = cvuer
i CPU Time
CTe I_I e H M 2 OMP Worker Thread #21 (T1..
OMP Worker Thread #1 (TI
(OMP Worker Thread #44 (T1
(OMP Worker Thread #43 (TI I
(OMP Worker Thread 27 (T1 I
CPU Utilization
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EPCy
wne T
!\Ogguzacxurff
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Noaxop #3: pazgeneHne MHOXeCTBa YMcers1 Ha HebornbLuMe rpynnbl

Q Ctparterua pacrnpegeneHna Harpys3ku Mexay notokamu
(nonHas peanusauns B nanke 03 _Blocks):

// tid - umeHTUIUKATOP IOTOKA
1. numberOfGrains = NUM NUMBERS / NUM THREADS / GRAIN SIZE;

2. for 1 = 0 to numberOfGrains
3. begin = (NUM_THREADS * 1 4+ tid) * GRAIN_SIZE + 1;
4 end = (NUM_THREADS * 1 4+ tid + 1) * GRAIN_SIZE + 1;
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Moaxon #3: pasaeneHue MHOXeCTBa Yucesn Ha HebonbLuue rpynnbl

Q lNporpammHas peanusaums:

void factorization(int tid, int numThreads, vector<vector<int> > &divisors)

{
for (int i = tid * GRAIN_SIZE; i < NUM_NUMBERS; i+=numThreads* GRAIN_SIZE)
{
int end = 1 + GRAIN_SIZE;
if(NUM_NUMBERS < i + GRAIN_SIZE)
{
end = NUM_NUMBERS;
¥
for (int j = i; j < end; j++)
{
int number = j + 1;
factorization_i(number, divisors);
}
¥
}
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Pesyn bTaTbl BbIYUCIIUTEJIbHbLIX JKCNMepnMeHTOB

0 3PP EeKTUBHOCTb 3HAYUTESBLHO Bbipocsia. byaem ncnonb3oBaTtb pasmep 6rioka 50.
Pa3mep 6noka 50 Pasmep 6noka 100 Pasmep 6noka 500 Paamep 6noka 1000

UYncno notokoB| Bpemsa |YckopeHue| Bpewms |YckopeHne| Bpemsa |[YckopeHue| Bpewmsi | YckopeHue
1 174.2 1 174.2 1 174.2 1 174.2 1
24 7.4 23.5 7.4 23.5 8.3 21.1 8.3 20.9
48 3.8 46.4 3.8 46.4 4.2 41.2 4.3 40.8
50
o 40
s
& 30
o
fo . .
O
> 10
; ]
24 48
Yncno notokos
T Linear Speedup mEqual Partition 0OEvenOdd = Blocks
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NMpocdunupoBka nporpaMmMHOMN peanu3auum cpeacrteamm

Intel® oneAPI

vtune -collect threading -r BlocksTreding -- ./03_Blocks/Blocks

Intel VTune Profiler

P.+ D

Q BbluncneHusa
pacnpeneneHsol
paBHOMEPHO

Qllonpobyem yBenninTb
YCKOpPEHMEe NyTem
AVHaAMUNYECKOro
nraHnpoBaHue
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CPU Utilization

a x
INTEL VTUNE PROFILER
=
[ Running CPU
[ Waits
i CPU Time
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NMoaxon #4: pasgeneHne MHOXeCTBa Yncern Ha HebonbLluKe rpynnol.
OvnHaMmuyeckoe nnaHupoBaHue.

Q CtpaTerna pacnpeneneHnsa Harpyskm mexagy notokamm
(nonHaga peanusauma B nanke 04_DynBlocks):

Ouepeab 3a5a4

= T T I

WBEPCy
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NMoaxon #4: pasgeneHne MHOXeCTBa Yncern Ha HebonbLluKe rpynnol.
OvuHamMmun4yeckoe nnaHnpoBaHue.

Q lNporpammHas peanusaums:

time = omp_get wtime();
queue<pair <int, int> > tasks;
for(int 1 = ©; i < NUM_NUMBERS / GRAIN_SIZE; i++)

{
tasks.push({i * GRAIN_SIZE, (i + 1) * GRAIN_SIZE});
}
#pragma omp parallel
{
factorization(tasks, divisors);
}

time = omp_get_wtime() - time;

cout << "Time :" << time << endl;
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NMoaxon #4: pasgeneHne MHOXeCTBa Yncern Ha HebonbLluKe rpynnol.
OvuHamMmun4yeckoe nnaHnpoBaHue.

Q lNporpammHas peanusaums:

void factorization(queue<pair <int, int> > &tasks, vector<vector<int> > &divisors)
{ int start = 0, end = 10;
while (start < end)

{
#pragma omp critical
{
if(!tasks.empty())
{ pair<int, int> task = tasks.front();
tasks.pop(); start = task.first; end = task.second;
} else { start = end = 0; }
}
for (int i = start; i < end; i++)
{
int number = i + 1; factorization_i(number, divisors);
}
}
}
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Pesyn bTaTbl BbIYUCIIUTEJIbHbLIX JKCNMepnMeHTOB

0 O EeKTUBHOCTb BbICOKAA, HO HUXKE YEM NPU CTaTUYECKOM NNTaHMPOBaHNN.

Pa3mep 6noka 50 Pasmep 6noka 100 Pasmep 6noka 500 Pasmep 6noka 1000
Yucno notokoB | Bpemsa |YckopeHue| Bpemsa |YckopeHue| Bpewms [YckopeHue| Bpemsi |YckopeHue
1 174.2 1 174.2 1 174.2 1 174.2 1
24 8.1 21.5 8.1 21.5 8.2 21.3 8.3 21.1
48 4.1 42.8 4.1 42.7 4.2 41.9 4.3 41.0
50
o 40
=
o 30
o
% 20
e L
0
24 48
Yucno noTtokos
T Linear Speedup mEqual Partition OEvenOdd = Blocks DynBlocks
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NMopxop #5: AMHamn4yeckoe nnaHnpoBaHue 6e3 chuanyeckomn ovyepenu

Q Ctparterua pacrnpegeneHna Harpys3ku Mexay notokamu
(nonHas peanusaunsa B nanke 05 DynBlocks v2):

MexaHu3M onpeeieHUs 3aa494 M0 HHAEKCY 3a4a4U
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NMopxop #5: AMHamn4yeckoe nnaHnpoBaHue 6e3 chuanyeckomn ovyepenu

Q lNporpammHas peanusaums:

time = omp_get wtime();

int tasksId = ©; // Pa3pgensiembii MHAEKC pewaemoi 3aAauqu
#pragma omp parallel

{

factorization(tasksId, divisors);

}

time = omp_get_wtime() - time;

o n

cout << "Time :" << time << endl;
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NMopxop #5: AMHamn4yeckoe nnaHnpoBaHue 6e3 chuanyeckomn ovyepenu

Q lNporpammHas peanusaums:

void factorization(int &tasksId, vector<vector<int> > &divisors)
{ int start = 0, end = 10;
while (start < end)

{
#pragma omp critical
{
if(tasksId < NUM_NUMBERS / GRAIN_SIZE)
{ start = tasksId * GRAIN_SIZE;
end = (tasksId + 1) * GRAIN_SIZE;
} else { start = end = 0; }
tasksId++;
}
for (int i = start; i < end; i++)
{ int number = i + 1;
factorization_i(number, divisors);
}
}
}
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Pesyn bTaTbl BbIYUCIIUTEJIbHbLIX JKCNMepnMeHTOB

0 3PP EKTUBHOCTL BbIpOCSia 3a CYET YMEHbLUEHNS BPEMEHN KPUTUHECKON CEKLINK

Pa3smep 6noka 50 Pa3mep 6noka 100 Pasmep 6noka 500 Pa3mep 6noka 1000
Uncno notokoB | Bpemsa [YckopeHue| Bpems |YckopeHne| Bpewmsi |YckopeHne| Bpewmsi |YckopeHue
1 174.2 1 174.2 1 174.2 1 174.2 1
24 7.3 23.9 7.3 23.9 8.2 21.3 8.3 21.1
48 3.7 47.5 3.7 47.4 4.2 41.9 4.3 41.0
50
o 40
A
3 30
o
g 20
L
0
24 48
Yucno notokos
Linear Speedup mEqual Partition OEvenOdd mBlocks DynBlocks mDynBlocks v2
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NMopxop #6: ImHamn4yeckoe nnaHupoBaHue cpeacreamm OpenMP

Q CtpaTerna pacnpeneneHnsa Harpyskm mexagy notokamm
(nonHaga peanusauma B nanke 06 OpenMP):

MexaHunam copmmpoBaHma saga4y OpenMP
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NMNoaxopa #6: iluHamunyeckoe nnaHupoBsaHue cpeacresamm OpenMP

Q lNporpammHas peanusaums:

time = omp_get wtime();
int tasksId = 0;
#pragma omp parallel for schedule(dynamic, GRAIN_SIZE)
for (int i = @; i < NUM_NUMBERS; i++)
{
int number = i + 1;
factorization_i(number, divisors);

}

time = omp_get_wtime() - time;

cout << "Time :" << time << endl;
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Pesyn bTaTbl BbIYUCIIUTEJIbHbLIX JKCNMepnMeHTOB

0 MNpoussoautensHocTb OpenMP Bepcumn cpaBHMMa CO CTaTUYECKUM NITaHUPOBAHUEM.

Pa3mep 6noka 50 Pasmep 6noka 100 Pasmep 6noka 500 Pa3mep 6noka 1000
Uncno notokoB| Bpemsa [YckopeHue| Bpemsi |[YckopeHne| Bpemsi [YckopeHne| Bpemsi |[YckopeHune
1 174.2 1 174.2 1 174.2 1 174.2 1
24 7.5 23.1 7.5 23.1 7.7 22.7 7.8 22.4
48 3.8 45.7 3.8 45.4 3.9 44.8 4.0 43.8
50

© 40
& 30
o
% 2 l l l .
> 10

; O

24
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Pesyn bTaTbl BbIYUCIIUTEJIbHbLIX JKCNMepnMeHTOB

O CeoaHaga Tabnuua BblYUCIIUTENBbHbIX IKCMNEPUNMEHTOB:

YckopeHune
Yncno Linear
NOTOKOB Speedup Equal Partition | EvenOdd Blocks |DynBlocks|DynBlocks v2| OpenMP
24 24 12.7 14.3 23.5 21.5 23.9 23.1
48 48 25.2 28.4 46.4 42.8 47.5 45.7
50
© 40
o 30
o
% 2 l l l .
> 10
; N
24

Linear Speedup m Equal Partition OEvenOdd = Blocks
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Yuncrno noTtokos

48

DynBlocks m DynBlocks v2 m OpenMP
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