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K predchozim prednaskam

Motivace

| Cache \
| Cache \

5 Memory

¢ 4

Klicem pro porozuméni modernim systémm je koherence hierarchii vyrovnavacich paméti.
Animace od M3tainfo, https://en.wikipedia.org/wiki/Cache_coherence#/media/File:Coherent.qgif
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Motivace
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V ,cache-coherent “ systémech typicky mame pfristup do paméti neuniformni (NUMA); rizné mnozstvi kroktd (hops).

Zde na prikladu HPE Superdome, kde miizeme mit 32x4 Xeon procesory (tedy az 7168 HW vlaken).
https://assets.ext.hpe.com/is/content/hpedam/documents/a00036000-6999/a00036491/a00036491enw.pdf
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Motivace

GPU
Mali G76MP16

H GPU Core
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LNA/RF Switch ~ me——
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MediaTek MT6303 LNA/RF Switch
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Power Management IC

HiSilicon Hi6H12
HiSilicon Hi6526 LNA/RF Switch

Power Management IC Cirrus Logic CS35L36A

Audio Amplifier HiSilicon Hi1103
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STMPO3 Texas Instruments TSSMP646
(unknown MIPI Switch

HiSilicon Hi6405
Audio Codec

Murata Front-End Module Samsung
Hisilicon Hi6D22 KLUEGBUHDB-C2D1
Front-End Module PoP (HisSilicon Kirin 990 5G SoC 256 GB UFS
& SK hynix HOHKNNNFBMAU-DRNEH
8 GB Mobile LPDDR4X SDRAM)

Tech
Insights

V ,cache-coherent “ systémech typicky mame pristup do paméti neuniformni (NUMA); r(izné mnozstvi krokl (hops).
Zde na prikladu Hisilicon Kirin 990 (AMBA 5, CoreLink CMN-600 Interconnect?) v Huawei Mate 30 Pro podle:
https://www.techinsights.com/blog/huawei-mate-30-pro-5g-teardown
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Motivace

GPU
Mali G76MP16
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V ,cache-coherent “ systémech typicky mame pristup do paméti neuniformni (NUMA); r(izné mnozstvi krokl (hops).
Zde na prikladu Hisilicon Kirin 990 (AMBA 4, CoreLink CCI-400 Interconnect?) v Huawei Mate 30 Pro podle:
https://developer.arm.com/documentation/ihi0050/latest
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GPU
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V ,cache-coherent “ systémech typicky mame pristup do paméti neuniformni (NUMA); rlizné mnozstvi krok( (hops)
Zde na prikladu Hisilicon Kirin 990 (AMBA 4, CoreLink CCI-400 Interconnect?) v Huawei Mate 30 Pro podle:
https://developer.arm.com/documentation/ihi0050/latest
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Motivace
EVE ryth I ng yOU a |WayS Authors: O Tudor David, Rachid Guerraoui,
wa nted to kn ow a bout a Vasileios Trigonakis Authors Info & Affiliations
synCh ro n Izatl on bUt Were Publication: SOSP '13: Proceedings of the Twenty-Fourth
H ACM Symposium on Operating Systems
afrald to aSk . Principles « November 2013 o Pages 33—
, in & f 48 o https://doi.org/10.1145/2517349.2522714

System Opteron Xeon Niagara Tilera
Hops || same | same | one | two || same | one | two same other one max
State die | MCM | hop | hops || die | hop | hops core core hop hops
loads
Modified 81 161 | 172 | 252 || 4109 | 289 | 400 3 24 45 65
Owned 83 163 | 175 | 254 - - | 4 - - - -
Exclusive 83 163 | 175 | 253 92 [273 | p83 3 24 45 65
Shared 83 164 | 176 | 254 44 223 [ 334 3 24 45 65
Invalid 136 | 237 | 247 | 327)|| 355 | 492 |[601 176 176 118 162
| stores
Modified 83 172 [ 191 | 273 || 115 | 320f 431 24 24 57 77
Owned 244 | 255 [286 | 291 - - - - - - -
Exclusive 83 | 171 [191 | 2f1 || 115 |31p | 425 24 24 57 77
Shared 246 | 255 [286 | 796 || 116 |3J8 | 428 24 24 86 106
atgic operationg: CAS (C), FAI (F), TAS (T), SWAP (S)
Operation all all | all [[all all [/fall | all C/FIT/S C/FIT/S C/FIT/S C/F/T/S
Modified 110 | 197 |[216 296 120 [[324 | 430 || 71/108/64/95 | 66/99/55/90 || 77/51/70/63 98/71/89/84
Shared 272 | 283 [312) 33)/[| 113 J312 | 23 || 76/99/67/93 | 66/99/55/90 || 124/82/121/95 | 142/102/141/115

Table 2: Latencies (cycles) of the k&e cohergngé to load/store/CAS/FAI/TAS/SWAP a cache line depending on
the MESI state and the distance.”The values pre the average of 10000 repetitions with < 3% standard deviation.

Cena ,Compare and swap " zavisi na mnoha faktorech, ale je blizko ,load “.
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Motivace

Everything you always
wanted to know about
synchronization but were
afraid to ask

Authors: O Tudor David, Rachid Guerraoui,

ﬁ Vasileios Trigonakis Authors Info & Affiliations

Publication: SOSP '13: Proceedings of the Twenty-Fourth
ACM Symposium on Operating Systems
Principles « November 2013 o Pages 33—

48 o https://doi.org/10.1145/2517349.2522714
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Figure 8: Throughput and scalability of locks depending on the number of locks. The “X : Y” labels on top of
each bar indicate the best-performing lock (Y) and the scalability over the single-thread execution (X).

Figure 6: Uncontested lock acquisition latency based
on the location of the previous owner of the lock.

Threads Threads

Zamcit zamek je az 4 drazsi, i pokud je odemceny a predchozi vlastnik je na stejném jadru.
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Motivace

,t\ﬁo;::ha:b?: ever wanted SIGPLAN Symposiur on brincinles s pracice of Paralll _"Every locking scheme has
w abou Programming « January 2015+ Pages 1- its fiftteen minutes of fame

synchronization: 10 o https://doi.org/10.1145/2688500.2688501
synchrobench, measuring

the impact of the

synchronization on

concurrent algorithms

-- ale mezi ,compare and
swap “azamky maze
byt zasadni rozdil.
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Figure 1. Synchrobench performance results for 1, 2, 4, 8, 16 and 32 threads on the 32-way Intel machine with data structures written in
C/C++ and Java, and synchromzed w1th read-modify-write (CAS), locks (LK), read -copy-update (RCU), and transactions (TX), and with
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HPE SuperdomeFlex w/ 28 Intel Xeon 8180 CPUs, 20 TB DRAM

The Tale of 1000 Cores: An Evaluation of Concurrency Control
on Real(ly) Large Multi-Socket Hardware

Tiemo Bang Norman May Ilia Petrov Carsten Binnig
TU Darmstadt & SAP SE SAP SE Reutlingen University TU Darmstadt
tiemo.bang@cs.tu- norman.may(@sap.com ilia.petrov@reutlingen- carsten.binnig@cs.tu-
darmstadt.de university.de darmstadt.de
I Commlt | CC Mgmt L] Walt | Index ACM Reference Format:
Backoff Abort Ts. Alloc. mmm Useful Tiemo Bang, Norman May, Ilia Petrov, and Carsten Binnig. 2020. The Tale
DL DETECT WAIT DIE NO WAIT of 1000 Cores: An Evaluation of Concurrency Control on Real(ly) Large
é 0 é I LHT I L I jamsE— Multi-Socket Hardware. In International Workshop on Data Management on
[ 0' 6 --I — - New Hardware (DAMON’20), June 15, 2020, Portland, OR, USA. ACM, New
24 = || York, NY, USA, 9 pages. https://doi.org/10.1145/3399666.3399910
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Figure 4: Breakdown of relative time spent for high conflict Figure 6: Throughput of TPC-C with 1024 warehouses for

(4 WH) TPC-C transactions on multi-socket hardware. timestamp allocation with hardware clock.



Dnesni prednaska

Techniky paralelizace

Chci paralelizovat algoritmus XY

Jak na to?
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Paralelni programovani

Co chceme dosahnout

« Potrebujeme se rozhodnout jak budeme ulohu
dekomponovat, jak budeme akoly rozdélovat a jakym
zpusobem zabezpecit celkovou orchestraci

« Klicové cile
« Vybalancovani - aby kazdé vlakno vykonavalo (priblizné)
stejnou praci
« Minimalizace komunikace — aby vlakna na sebe nemusely cekat
« Minimalizace duplicitni/zbytecné prace — aby vlakna nepocitali
neco, co by se nepocitalo bez paralelizace

« Neexistuje univerzalni navod, musite vzdy premyslet jak dane
cile naplnit pro konkrétni ulohu



Paralelni programovani
Nahled
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Nahled
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Dekompozice
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Paralelni programovani
Nahled

Dekompozice

Rozdeéeleni vlaknim

Orchestrace

Exekuce




Paralelni programovani

Balancovani

 Idealné chceme, aby vsechna vlakna/jadra pracovaly a skoncily
soucasne

Cas vypoctu (s) pro jednotlivé vlakna/procesory
14
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Paralelni programovani

Balancovani

 Idealné chceme, aby vsechna vlakna/jadra pracovaly a skoncily
soucasne

Cas vypoctu (s) pro jednotlivé vlakna/procesory

14
« Pokud 1 procesor
12 pracuje o 20% déle, cely
program pracuje o 20%
10 déle
8 « Vzpomente si na
Amdahllv zakon
6
4
2
0

EPl mP2 mP3 mP4



Rozdeleni prace

Statické rozdéleni

« Fixni a statické rozdéleni ukoll pro jednotliva vlakna

« Ne nutné v dobé kompilace

« Jednou pridélime vlaknim Ukoly a toto pridéleni je neménné
« Kdy nam statické rozdéleni pomuze?

« Vsechny ukoly trvaji (priblizne) stejné dlouho

« Kazdy ukol muaze trvat rizné dlouho, ale vime predem ocekavanou dobu

trvani
Cas vypoctu (s) pro jednotlivé vlakna/procesory
35

30 . -
.
25

20

15
- l

P1 P2 P3 P4

o !



Rozdeleni prace

Dynamické rozdéleni

« Program pridéluje ukoly dynamicky na zaklade aktualniho
vytizeni jednotlivych vlaken
Threadpool a fronta ukolu

THREADPOOL

Fronta ukol(

Vlakna berou ukoly z fronty.




Rozdeleni prace

Dynamické rozdéleni

 Jak to bude vypadat z pohledu jednoho vlakna?
« Threadpool a fronta ukolu

Vice malych ukoll

‘ znamena dobré
vybalancovani mezi
() "
a — ?.--. ) &
- l Vice malych ukolt
. Ukol 1 Pfidélovani nového Gkolu. znamena vice
— , L., . nchroniz
Neni v seriove variante. Synchro ,ace a
zpomaleni.

A je to exekuce v kritickeé sekci, ktera
zpomaluje vypocet



Rozdeleni prace

Dynamické rozdéleni

« MuUzeme meénit granularitu dekompozice

Zmenseni poctu

‘ ukoll snizi
zpomaleni kvali
- Cas vypoctu synchronizaci
>
| O %
l l Ale mUzeme mit
. Ukol 1 Ukol 2 problém s

vybalancovanim.
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Dynamické rozdeéleni — problemy

Kde je kriticka sekce?

Fronta ukolu

-ll-l -

Vsechna vlakna pristupuji k
jedné spolecné fronté.

—




Rozdeleni prace

Dynamické rozdeéleni — problemy

« Kde je kriticka sekce?

Fronta ukolu

-ll-l -

Vsechna vlakna pristupuji k
jedné spolecné fronté.

—

Co kdyby mélo kazdé vlakno
vlastni frontu?




Rozdeleni prace
Dynamické rozdeleni — vlastni fronty

MUzeme vytvorit
vlastni frontu pro
kazdé vlakno

Vlakno vklada a
vybira ukoly z
vlastni fronty

Jak zabezpecime
vybalancovani?



Rozdeleni prace
Dynamické rozdeleni — vlastni fronty

Jak zabezpecime
vybalancovani?

Kdyz ma vlakno
prazdnou frontu,
muze
.ukradnout “
ukoly z jiné
fronty.
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Dynamické rozdéleni — zavislosti

* Ne vzdy je mozné pustit libovolny ukol (napf. pro spusténi
ukolu X musime znat aktualni hodnotu proméenneé Y)

+ Ukol bude zpracovany vldknem/procesorem pouze v pfipadé,
ze vsechny zavislosti jsou splnény

« V OpenMP napr. pomoci

#pragma omp tasks depend([in/out/inout]:variables)
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Dynamické rozdéleni

« Jak zvolit spravnou velikost ukolu?

« Neexistuje univerzalni odpoved - zavisi na probléemu/HW
(#CPU) atd.

« Pro mnoho kombinaci (napr. uniformni jadra a arbitrarni graf
zavislosti, nad kterym se provadi vypocet) je nejlepsi mozne
reseni NP-Tezke. Existuje ale rada dobrych heuristik.

« Pokud Ize (mame odhad), muzeme prirazovat dlouhé ukoly
nejdriv a pak kratké ukoly.

« V négjakém smyslu asymptoticky optimalni je pracovat s tzv.
kritickou cestou.



Rozdeleni prace
Dynamické rozdéleni

2. Local Scheduling

The TensorFlow Partitioning and Scheduling Problem: It’s the Critical Path! DIDL’17, December 11-15, 2017, Las Vegas, NV, USA



Rozdeleni prace

Dynamické rozdéleni

o
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The TensorFlow Partitioning and Scheduling Problem: It’s the Critical Path! DIDL’17, December 11-15, 2017, Las Vegas, NV, USA
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Dynamické rozdéleni
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Vzpominky starého zbrojnose

Jak pracovat s takovou frontou, kdyz jsou uloh miliony?

arm

MALI-G78AE
Dynamic Data Structures for Taskgraph Scheduling

e Co Policies with Applications in OpenCL Accelerators

Partition0 : 5
Jakub Mareéek - Andrew J. Parkes -
Edmund K. Burke - Robert Elliot -

Control/Scheduler Hedley Francis - Anton Lokhmotov
Register File Register File

Control

Abstract OpenCL is an emerging open framework for parallel programming in het-

Shader core 1 erogenous systems. Devices compliant with OpenCL need to schedule the execution
of submitted jobs with no (or only very imprecise) estimates of execution times, but
respecting dependencies among them, which are given in the form of directed acyclic
Advanced Tiling Unit graph. This problem is known as stochastic taskgraph scheduling, stochastic scheduling

_ with precedencies, or stochastic scheduling with data dependencies.

Memory Management Unit . . . . ..
We study the complexity of implementing static out-of-order policies for taksgraph
L2 Cache scheduling, which approach optimality in the long run, under certain assumptions. We

present a simple data structure allowing for the “what next” query of such scheduling

policies to be answered in time O(1), while vertices can be added in time O(1).

Slice 1




Rozdeleni prace

Dynamické rozdéleni — zavislosti v OpenMP

int main(int argc, char* argv[]) {
int x = 0;
#pragma omp parallel num_threads(thread_count) shared(x)

{

#pragma omp single

{
#pragma omp task depend(out:x) »
{
std::this_thread::sleep_for(std::chrono::milliseconds(10));
X++;
std::cout << "1: x " << x << "\n";
3
#pragma omp task depend(in:x) <
{
X *= 3;
std:icout << "2: x " << x << "\n";
3
3

}

std::cout << "final: x " << x << "\n";

return 0;

}

n

Kdyz definujeme ,in
zavislost, vytvori se
zavislosti, vytvori se
zavislost ukolu na jiz
generovanych ukolech,
které maji pro danou
promennou nastavenou
dependenci ,out “
pripadné ,inout "



Rozdeleni prace

Hybridni pristupy

« Rozdéleni nemusi byt pouze statické nebo dynamicke

« V podstaté je mozné zvolit libovolny mezistupen mezi dvema
extremy

« Rozdélim ukoly
« Sbiram statistiky o délce zpracovani
« Prerozdélim ukoly a opakuiji



Vzorce paralelizace

« Datovy paralelismus
« SIMD pristup
« Rozdeélim data a rovnou spustim zpracovani pro jednotliva vlakna

« Fork-join
« Jedno vlakno zpracovava cast ukolu
« Identifikuje mozné podukoly a spusti nové vlakna/ukoly



Rozdéluj a panuj

Quick Sort

 Zakladni tridici
algoritmus

« Jak budeme
paralelizovat?

void gs(std::vector<int>& vector_to_sort, int from, int to) {

}

if (to - from <= base_size) {
std::sort(vector_to_sort.begin() + from, vector_to_sort.begin() + to);
return;

}

//rozdeleni dle pivota (vector_to_sort[from])
int part2_start = partition(vector_to_sort,from,to,vector_to_sort[from]);

if (part2_start - from > 1) {
gs(vector_to_sort, from, part2_start);

}

if (to - part2_start > 1) {
gs(vector_to_sort, part2_start, to);

}




Rozdéluj a panuj

Quick Sort

void gs(std::vector<int>& vector_to_sort, int from, int to) {
if (to - from <= base_size) {
std::sort(vector_to_sort.begin() + from, vector_to_sort.begin() + to);
return;

}

//rozdeleni dle pivota (vector_to_sort[from])
int part2_start = partition(vector_to_sort,from,to,vector_to_sort[from]);

i Mﬁieme if (part2_start - from > 1) {
asynCh ron né VOlat #prag;na omp task shared(vector_to_sort) firstprivate(from,part2_start) |
rekurzivni U koly gs(vector_to_sort, from, part2_start);
3
}

if (to - part2_start > 1) {
gs(vector_to_sort, part2_start, to);
}

}




Rozdéluj a panuj

Quick Sort

void gs(std::vector<int>& vector to_sort, int from, int to) {
if (to - from <= base_size) {

e Omezime

mlnlm é'ni std::sort(vector_to_sort.begin() + from, vector_to_sort.begin() + to);
. return;

velikost, aby }

n ed oC h aze I O k //rozdeleni dle pivota (vector_to_sort[from])

fa | se-S h a ri N g u int part2_start = partition(vector_to_sort,from,to,vector_to_sort[from]);

if (part2_start - from > 1) {
#pragma omp task shared(vector_to_sort) firstprivate(from,part2_start)

{
gs(vector_to_sort, from, part2_start);
« MuizZeme .
asynchronne if (to - part2_start > 1) {
VOIa t re kU rzivni } gs(vector_to_sort, part2_start, to);

ukoly }




Rozdéluj a panuj

Quick Sort

void gs(std::vector<int>& vector_to_sort, int from, int to) { fork qS()I
if (to - from <= base_size) {
std::sort(vector_to_sort.begin() + from, vector_to_sort.begin() + to);

return;
3 Right part Left part

A\ 4

/ /rozdeleni dle pivota (vector_to_sort[from])
int part2_start = partition(vector_to_sort,from,to,vector_to_sort[from]);

if (part2_start - from > 1) {
#pragma omp task shared(vector_to_sort) firstprivate(from,part2_start)
{
gs(vector_to_sort, from, part2_start);
}
3
if (to - part2_start > 1) {
gs(vector_to_sort, part2_start, to);
3

a

}

join




Dekompozice se zavislostmi

 paralelizace QuickSortu byla snadna vzhledem k zadné
zavislosti mezi ukoly

« Co kdyz jsou ukoly zavislée?

N ; Problém:
o 00000000000
S o . Chceme iterativné pocitat pramér
oo eececcccio pro kazde pole mrizky
.i. e 000 0 0 0 0 oio o Ali,j]1=02xA[li—1,j]+A[i,j — 1] +
.g. e 0600000 o .g. Al jl +Ali + 1,j] + Ali,j + 1]
oo ® o000 00000 - Kazdou iteraci chceme projit celou
e 0000000 i matici z horniho levého rohu
HEEEEEREEEEEI
o%oooooocooogo
HEEEREEREEI
M EEEEEEEEEN « Jaké jsou zde zavislosti?
L e

Obrazky prevzaty z kurzu CMU 15-418/618 na CMU.edu



Dekompozice se zavislostmi

 paralelizace QuickSortu byla snadna vzhledem k zadné
zavislosti mezi ukoly

« Co kdyz jsou ukoly zavislée?

\ = Problém:
® 6 6 6 ¢ 06 06 &6 & o 0o o
e « Chceme iterativné pocitat priimér
05 s brbr s fr§rlrrfr i 0 pro kazdé pole mfizky
06688688888 0 © Alij] =02 (Ali — 1,j] + Ali,j - 1] +
056 s brbrbrbrbrbrbrd . Ali, j]+ Ali + 1,7] + Ali,j + 1))
o}éﬁé_.éaé_.é_.é»é_.é_.é»é o v - Kazdou iteraci chceme projit celou
0:0:0:0-0:0-0-0:0-00 @ matici z horniho levého rohu
oo e e 000000 00
e o000 coccc e
HEEEEREEEEREREXX
SRR « Jaké jsou zde zavislosti?
°12.2.9.2.2.2.2.2.0.2.1%

Obrazky prevzaty z kurzu CMU 15-418/618 na CMU.edu



Dekompozice se zavislostmi

« Jakym zplsobem muizeme tento problém paralelizovat?

« Zkusime nalézt nezavislé ukoly
« Ktere uzly Ize aktualizovat paralelné?

N
e e 000000000 0
E...t....i.....* ..... ‘ ....i.....‘ ..... t ....i.....‘.....‘..z
*>0>0->0>0>-0>0>0>0-0>0 ' 0
‘Y Y oY Y VY Y O¥YOVYOw v
00000000000 : ®
Y Y b v b b by b
0,0 :0+0-0-0+0-0+0-0-0 : @
- S SN S TR T T SN S S
0—:».*.—».».—».—»0—»0—»0—».—»0 .
INNNNRNRRNRNINL
*>0>0>0-0>0-0-0-0-0->0 '@
ogiooooooooogo
e 00000000 0o
o0 0000000 00
®i0 000000000
o o0 060000000 0

Obrazky prevzaty z kurzu CMU 15-418/618 na CMU.edu



Dekompozice se zavislostmi

« Jakym zplsobem muizeme tento problém paralelizovat?

« Zkusime nalézt nezavislé ukoly
« Ktere uzly Ize aktualizovat paralelné?

Uzly na diagonale jsou
nezavislé (mohou
pristupovat ke stejné
proménné, ale pouze pro
cteni).

) &

Problematickeé rozdéleni
na vlakna/procesory.

Obrazky prevzaty z kurzu CMU 15-418/618 na CMU.edu



Dekompozice se zavislostmi

 Existuje lepsi zpusob?

\\Q’, Pro konvergenci nemusime nutné postupovat sekvencne z
Y jednoho rohu — uzly rozdelime do dvou skupin a
aktualizujeme nejdriv jednu, pak druhou

N

©0 0000000000
©:0«0 © © @ 0 @ 06 0 0 :0] . ,

P 4 : Jednoducha paralelizace
. B . . . . . . . . . . E. v 7 7

: a rozdéleni ukolu
.g..........g. vlaknam.
@ @ 6 @ 06 @ 0 0 0 0:0
oéoooooooooogon
HEEREEEEEEREKEKI
00000000000
e 000060000 00 x
€0 0000000000 Musime védét, Ze si to
0:e.0.00 000000 mazeme dovolit (znalost
© @0 00600000 00 problému/domény).

Obrazky prevzaty z kurzu CMU 15-418/618 na CMU.edu



Dekompozice se zavislostmi

 Existuje lepsi zpusob?
 Jak muzeme rozdélit na ukoly pro vlakna/procesory?

Blocked Assignment Interleaved Assignment
EEEREEEEEEEEX ©e 0000000 00 o0F
e0 0000000000 p| e0oeo0eo0eo0e0eonm
B EEEEEEEEREXE © e 0000000600 0P
EEEEEEEEEY EEEEEEEEXEXXYY
© e 0000000000 p| ©oe0e0eo0ee0 e o0 or
N EEREEEEEEREEEX T EEEEEEEEEEXY)
© e 0000000000 XEEEXEEXEEXEXEX
e 00000000000 e00e0e0e0e 0 e o0 p
EEEREEEEEEEREEXX EEXEEXEEXEXEL
MEEEEEEEXEX EEEEEEEEXEXE
©@ © © 0 @00 0 0 0 0 0P| @000 00 @0 0 0 0 0 3
N EEEEEEEEXEEX. EEEEEEEEEEX

Obrazky prevzaty z kurzu CMU 15-418/618 na CMU.edu



Dekompozice se zavislostmi

« Ktery je lepsi?
 Ktere casti jsou privatni a které sdilené?

Blocked Assignment Interleaved Assignment

e o0 e o0 ©e 0000000 00 o0F
© 0060060600000 0MN
© e 0000000600 0P

© © 0000000 0 0 0P
© o000 00600 00 03
© © 06060600600 0 0 0
© e @00 0060 0 0 0 o P
© © 06006000000 0
@ © ®© ¢ © ¢ ®© ¢ © o O o p3
®© © 06000000 0 0 O fpy

-
—

4
N

il

® |90 | O 0|60 0|0 0 O
©
E

Obrazky prevzaty z kurzu CMU 15-418/618 na CMU.edu



Hledani prvocisel

Eratostenovo sito

« Problém: Chceme zjistit pocet prvocisel mezi 0 a X (napr. 109)
« Jaky je sériovy algoritmus?



Hledani prvocisel

Eratostenovo sito

« Problém: Chceme zjistit pocet prvocisel mezi 0 a X (napr. 109)
« Jaky je sériovy algoritmus?

long result = 0;

for (int i =2; i < MAXSQRT; i++) {
if (primes[i] == 1) {
for (int j =1*1i; j < MAXNUMBER; j +=i) {
primes[j] = 0;
}
3
3
for (int i = 0; i<MAXNUMBER; i++)
result += primes[i];

return result;




Hledani prvocisel

Eratostenovo sito

« Zkusime paralelizovat hlavni for cyklus
« Muzeme paralelizovat druhy for cyklus pro soucet

long result = 0;
#pragma omp parallel num_threads(thread_count)

#pragma omp for schedule(static)
for (int i =2; i < MAXSQRT; i++) {
if (primes[i] == 1) {
for (int j =1i*1i; j < MAXNUMBER; j +=1) {
primes[j] = 0;
3

}
}
}

#pragma omp parallel for reduction(+:result)
for (int i = 0; i<MAXNUMBER; i++)
result += primes[i];

return result;

Jak nam to bude fungovat?



Hledani prvocisel

Eratostenovo sito

long result = 0;
#pragma omp parallel num_threads(thread_count)

#pragma omp for schedule(static)
for (int i = 2; i < MAXSQRT; i++) {
if (primes[i] == 1) {
for (intj =1*1i; j < MAXNUMBER; j +=1i) {
primes[j] = 0;
3
}
3
}

#pragma omp parallel for reduction(+:result)
for (int i = 0; i<MAXNUMBER; i++)
result += primes[i];

return result;

Pro X=10°

Sériova varianta Prvni paralelizace (4 vliakna)

11.7188 s 13.0681 s



Hledani prvocisel

Eratostenovo sito

« Co se stane kdyz paralelizujeme hlavni cyklus?

« Napr. vlakno 0 bude zpracovavat iteraci i=2, vlakno 2 bude zpracovavat
iteraci i=4

« Vlakno 2 déla uplné zbytecnou praci — informace o tom, ze cislo 4 neni
prvocislo se k nemu nemusi dostat vcas



Hledani prvocisel

Eratostenovo sito

« Co se stane kdyz paralelizujeme hlavni cyklus?

« Napr. vlakno 0 bude zpracovavat iteraci i=2, vlakno 2 bude zpracovavat
iteraci i=4

« Vlakno 2 déla uplné zbytecnou praci — informace o tom, ze cislo 4 neni
prvocislo se k nemu nemusi dostat vcas

« Jaka je zavislost mezi ukoly?




Hledani prvocisel

Eratostenovo sito

« Co se stane kdyz paralelizujeme hlavni cyklus?

« Napr. vlakno 0 bude zpracovavat iteraci i=2, vlakno 2 bude zpracovavat
iteraci i=4

« Vlakno 2 déla uplné zbytecnou praci — informace o tom, ze cislo 4 neni
prvocislo se k nemu nemusi dostat vcas

« Jaka je zavislost mezi ukoly?

Na to abychom identifikovaly spravné poradi
musime vyresit vlastni problem




Hledani prvocisel

Eratostenovo sito

« Co se stane kdyz paralelizujeme hlavni cyklus?

« Napr. vlakno 0 bude zpracovavat iteraci i=2, vlakno 2 bude zpracovavat
iteraci i=4

« Vlakno 2 déla uplné zbytecnou praci — informace o tom, ze cislo 4 neni
prvocislo se k nemu nemusi dostat vcas

« Jaka je zavislost mezi ukoly?

KEEP
CALM

Na to abychom identifikovaly spravné poradi

musime vyfesit vlastni problém ARE
DOOMED!




Hledani prvocisel

Eratostenovo sito

« Co se stane kdyz paralelizujeme hlavni cyklus?

« Napr. vlakno 0 bude zpracovavat iteraci i=2, vlakno 2 bude zpracovavat
iteraci i=4

« Vlakno 2 déla uplné zbytecnou praci — informace o tom, ze cislo 4 neni
prvocislo se k nemu nemusi dostat vcas

« Jaka je zavislost mezi ukoly?

Na to abychom identifikovaly spravné poradi
musime vyresit vlastni problém




Hledani prvocisel

Eratostenovo sito

 Jak muzeme snizit zavislost?
« Kazdé vlakno muze kontrolovat pouze podinterval Cisel

... |101 1021103104 105]106 107 108 ...
\ ) \ )
I I

V2

V1

Ukol pro vlakno: oznadit &isla, které nejsou
prvocisly vdaném podintervalu



Hledani prvocisel

Eratostenovo sito

 Jak muzeme snizit zavislost?
« Kazdé vlakno muze kontrolovat pouze podinterval Cisel

... |101 1021103104 105]106 107 108 ...
\ ) \ )
I I

V2
V1

Ukol pro vlakno: oznadit &isla, které nejsou
prvocisly vdaném podintervalu

COMRY . |11 102103 104 105 106]107 108 ]



Hledani prvocisel

Eratostenovo sito

 Jak muzeme snizit zavislost?
« Kazdé vlakno muze kontrolovat pouze podinterval Cisel

... |101 1021103104 105]106 107 108 ...
\ ) \
I I

V2
V1

Ukol pro vlakno: oznadit &isla, které nejsou
prvocisly vdaném podintervalu




Hledani prvocisel

Eratostenovo sito

long sieve() {
int step = MAXNUMBER/thread_count/500;
long result = 0;

#pragma omp parallel num_threads(thread_count) reduction(+:result)
{
#pragma omp for schedule(static)
for (inti = 2; i < MAXNUMBER; i += step) {
int from = i;
int to = (i + step < MAXNUMBER) ? i + step : MAXNUMBER;

for (int k = 2; k < MAXSQRT; k++) {
if (primes[k] == 1) {
int start = std::max((from % k == 0) ? from : ((from/k)*k)+k, k*k);
for (int j = start; j < to; j +=K) {
primes[j] = 0;
3
3
3
for (int k = from; k < to; k++)
result += primes[k];
}
3

return result;

}




Hledani prvocisel

Eratostenovo sito

long sieve() {
int step = MAXNUMBER/thread_count/500;
long result = 0;

#pragma omp parallel num_threads(thread_count) reduction(+:result)
{
#pragma omp for schedule(static)
for (inti = 2; i < MAXNUMBER; i += step) {
int from = i;
int to = (i + step < MAXNUMBER) ? i + step : MAXNUMBER;

for (int k = 2; k < MAXSQRT; k++) {
if (primes[k] == 1) {
int start = std::max([from % k == 0) ? from : ((from/k)*k)+k k*k);
for (int j = start; j < to; j +=Kk) {
primes[j] = 0;

3
}
3
for (int k = from; k < to; k++)
result += primes[k];
}
3

return result;

}

N\

prvni nasobek k v intervalu [from,to]



Hledani prvocisel

Eratostenovo sito

long sieve() {
int step = MAXNUMBER/thread_count/500;
long result = 0;

#pragma omp parallel num_threads(thread_count) reduction(+:result)
{
#pragma omp for schedule(static)
for (inti = 2; i < MAXNUMBER; i += step) {
int from = i;
int to = (i + step < MAXNUMBER) ? i + step : MAXNUMBER;

for (int k = 2; k < MAXSQRT; k++) {
if (primes[k] ==
int start from % k == 0) ? from : ((from/k)*k)+k
for (int j = start; j <Wj +=Kk) {
primes[j] = 0;

}
}
3
for (int k = from; k < to; k++)
result += primes[k];
3
}
return result;

}

N

nulujeme od druhé mocniny k



Hledani prvocisel

Eratostenovo sito

Pro X=10°

long sieve() {
int step = MAXNUMBER/thread_count/500;
long result = 0;

#pragma omp parallel num_threads(thread_count) reduction(+:result)
{
#pragma omp for schedule(static)
for (int i =72; i < MAXNUMBER; i += step) {
int from = i;
int to = (i + step < MAXNUMBER) ? i + step : MAXNUMBER;

for (int k = 2; k < MAXSQRT; k++) {
if (primes[k] == 1) {
int start = std::max((from % k == 0) ? from : ((from/k)*k)+k, k*k);
for (int j = start; j < to; j +=K) {
primes[j] = 0;
3
3
3
for (int k = from; k < to; k++)
result += primes[k];
}
3

return result;

}

paralelizace (4 vlakna)

3.99s 1.74 s




