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OUOHa N3 OCHOBHbIX CJTOXXHOCTEN
napannenbHOro
nporpamMmmMunpoBaHNSA — BbiABIIEHNE
OWMOOK 1 oTnaaka

[enseHbar - TepMnH, UICNOJb3YyEMbIN B
nporpaMmmMmnpoBaHnKn Ans onnMcaHus
nporpamMmmHoON OLLINOKK, KOTopast nCHE3aEeT
NN MEHAET CBOM CBOWCTBA Mpu NOonbITKE ee
obHapyxeHus. K renseHbaram oTHOCATCH
OLLUMOKN CUHXPOHU3ALNUN B MHOTOMOTOYHbIX
NPUNOXEHUSAX.



CTaTnyecknm aHanma Kkoga

CTaTuyeckum aHanus Koga (aHrn. static code analysis) — aHanM3 nporpaMmMHoro
obecne4veHuns, NpomM3BoaNMbIN Be3 pearbHOro BbIMOMTHEHUS UCCeayeMbIX
nporpamm. ABndeTcs anstepHaTUBOM MeToaonorm ob3opa koda (aHrn. code
review).

 MpenmywecTBa:
— PaHHee BbisiBNeHMe ownbokK
— HesaBucuMocCTb OT cpeabl UICMOMHEHUS
— AHanus koga peako nony4aroLlero ynpasneHme
— Xopowasa macwtabnpyemMocTb
— DyHKUMA 0by4eHNs

e HepocTtaTku:
— HeBO3MOXHOCTb BbISIBIEHUS psiaa OLLIMOOK
— JloxHble cpabaTbiBaHUS
— BbICOKMX ypOBEHbL CaMOogUCUNNSINHDI



MHCTPYMEHTBLI CTaTU4YEeCKOro
aHanunsa ans BbiaBNEeHUS OLLNOOK
napannenbHOCTU

* He cneayet nytaTb BO3MOXHOCTb
BbISIBIIEHMSI OLLMOOK B naparnrenbHOM Koae
N BbIABIIEHME OLLUMOOK CBA3aHHbIX C
MCMNOonb30BaHNEM MapannenbHOCTW.

° MHCprMeHTbI CTaTU4e€eCKOro aHalim3a aj4
BbISIBIIEHNSA OLLNOOK NnaparrersibHOCT B
Ha4alie nyTn pa3BUTUA.

* PaccmoTpum Tpu MHCTpYMeHTA: PC-Lint,
Intel C++ (“Parallel Lint”), PVS-Studio
(VivaMP).



Pa3Hble MHCTPYMEHTbI AN Pa3HbIX
TEXHONMOrMY napansnenbHoro
nporpaMmmMmpoBaHnA

* POSIX threads (Pthreads);

* MPI;

* OpenMP;

* Intel Threading Building Blocks (TBB);
 Windows Threads.



PC-Lint e

* PC-Lint — npoayKT komMnaHum Gimpel Software.
He nmeet GUI, HO ero MOXHO
CaMOCTOATENbHO UHTErpmposaTth B Visual
Studio 2005/2008 nnun ncnonb3oBaTbk 000O4YKY
Visual Lint.

* B pesaton Bepcuun Gimpel Software PC-lint
pearnn3oBaHa AuarHocTmka oLLnboK B
napannenbHbIX NporpamMmmax, NoCTPOEHHbIX
Ha ocHoBe TexHonornm POSIX threads nnu
CXOXXUX C HEWN.



[TpnHUMN paboTbl PC-Lint

« Kaxkabin doann obpabaTtbiBaeTca OTAENMBbHO
* Heobxoammo pacctaBUTb «NOACKA3KU»

I_I p M M e p : Module_1.cpp Module_2.cpp
//l I nt _Se m (f, th rea d ) void Foo(float value), #pragma parallel for

{ for (int=0;i<n; i++)

void Foo(float value) { {

} Foo(arrayli]);

static int n = SlowFoo(); }
[* ... %/
J
 [lopoep>kka POSIX threads



PC-Lint. leMOHCTpauUMUOHHbLIN NPUMEP

(PC-lint/FlexeLint 9.0 Manual Excerpts)

//lint -sem( lock, thread lock ) if( g() )
//lint -sem( unlock, thread unlock ) {
extern int g{(); lock () ;
void lock(void), unlock(void):; unlock () ;
void f () unlock(); // Warning 455
{ return;
lock () ; }
unlock(); // great [[==——m
[/====mm—————= if( g() )
lock(); lock() ;
1f( g() ) { // Warning 456
{ // do something interesting
unlock () ; }
return; // ok if( g() )
} unlock () ;
unlock(); // still ok } // Warning 454 and 456
[/ =—————m—————=
lock () ;
if( g() )
return; // Warning 454
unlock () ;

454 — BoaBpart ynpasreHusi Npu 3axBa4eHHOM MbIOTEKC

455 — OcBobOXaeHne He 3axBa4YeHHOro MbloTekca

456 — Bo3aMokHa oLumnbKka CUHXPOHU3aLKuK, Tak Kak paboTa ¢ MbOTEKCOM 3aBUCUT OT
ycrnoBus



Intel C++ “Parallel Lint”

* HaunHasa c Bepcuun 11.1 B cocTtaB Intel C++
Compiler BXoOUT noacucrema
cTatnyeckoro aHanmsa OpenMP kofga,
nonydymsLlas Ha3BaHue “Parallel Lint”.

 Komnunartop Intel C++ MoXxeT
MHTErpupoBaTbCa B cpeny Visual Studio.

ParallelSample Property Pages (7 oS
Configuration: [Active(intel C++ Parallel Lint ~| Platform: [Active(Win32) - ) [ canfiguration Manager... |
= Configuration Proper + | | Intel Specific - General
General Error Limit
Debugging Disable Specific Diagnostics
2-C/C++ Emit Diagnostics to File No
General Diagnostics File $(IntDir)/$(TargetName).diag
Debug B Intel Specific - Optimization Diagnostics
Optimization Optimization Diagnostic Level Disable
Preprocessor Emit Optimization Diagnostics to File  No
Code Generatid Optimization Diagnostics File $(ntDin/$(TargetName).rep
Language  |If Optimization Diagnostic Phase Al optimizer phases
Frecompiled i ig Optimization Diagnostic Routine
Output Files |
Srowse Informi || |2 Intel Specific - Source Code Analysis
Level of Source Code Analysis None
Diagnostics
Advanced i hloic |
A ] Analyze Include Files No |
e BT TRTtel Specific - Source Uode Analysis
L. Manifest Tool Level of Source Code Analysis None
i Resources [ of Source C 2 None
4 Browse Informatic Analyze Include Files None
¢ Build Events Level of Source Code Parallelization Analysis Only Critical Errors (/Qdiag-enable:sc-parallel1)
 #-Custom B Ster ™ || Enables analysis of parallelization in source code and sy Al Errors (/Qdiag-enableisc-parallel2)

<Inherit from project>

Level of Source Code Parallelization Analysis
Enables analysis of parallelization in source code and specifies the level of diagnostics. Source code p.




MpuHLMN paboTsl Intel C++ (“Parallel Lint”)

Module_1.cpp Module_2.cpp

void Foo(float value)4 #pragma parallel for

{... 1? (int=0;i<n; i++)
} - Foo(arrayil);
(oo ol s b o

( .cpp >—> g';fr";:r —>< .obj
( .cpp>—> g‘;‘f"‘;,‘; ~><obj (IR)
( .cpp)—» g‘;ﬁ:;:r »Cobj (IR)

Linker —>< .exe )

Source Diagnostic
Analysis messages




Intel C++.

€MOHCTPaLMOHHbLIV NpUMep

(NpoekT parallel_lint n3 guctpmbyTtnea Intel C++)

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

{

int i, j, limit;

int start, end;

int number of primes=0;
int number of 4lprimes=0;
int number of 43primes=0;

start = 1;
end = 1000000;

#pragma omp parallel for
for(i = start; i <= end; 1 += 2) {
limit = (int) sqrt((float)i) + 1;

int prime = 1; /* assume number is prime */
j=3;
while (prime && (j <= limit)) {

if (i%j == 0) prime = 0;

j += 2;

if (prime) {
number of primes++;

if (1%4 == 1) number_ of_ 4lprimes++;
if (i%4 == 3) number of 43primes++;

}

printf ("\nProgram Done.\n %d primes found\n",number of primes);

TeopeTnyecku:

primes_ompl.cpp(70): warning #12246: flow data dependence from (file:primes_omp1.cpp line:70) to
(file:primes_omp1.cpp line:73), due to "limit" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(70): warning #12248: output data dependence from (file:primes_omp1.cpp line:70) to
(file:primes_omp1.cpp line:70), due to "limit" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(75): warning #12246: flow data dependence from (file:primes_omp1.cpp line:75) to
(file:primes_omp1.cpp line:73), due to "j" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(75): warning #12246: flow data dependence from (file:primes_omp1.cpp line:75) to
(file:primes_omp1.cpp line:74), due to "j" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(75): warning #12246: flow data dependence from (file:primes_omp1.cpp line:75) to
(file:primes_omp1.cpp line:75), due to "j" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(75): warning #12248: output data dependence from (file:primes_omp1.cpp line:75) to
(file:primes_omp1.cpp line:72), due to "j" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(75): warning #12248: output data dependence from (file:primes_omp1.cpp line:75) to
(file:primes_omp1.cpp line:75), due to "j" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(79): warning #12246: flow data dependence from (file:primes_omp1.cpp line:79) to
(file:primes_omp1.cpp line:79), due to "number_of_primes" may lead to incorrect program execution in parallel
mode
primes_ompl.cpp(79): warning #12248: output data dependence from (file:primes_omp1.cpp line:79) to
(file:primes_omp1.cpp line:79), due to "number_of_primes" may lead to incorrect program execution in parallel
mode
primes_omp1.cpp(80): warning #12246: flow data dependence from (file:primes_omp1.cpp line:80) to

(file:primes_omp1.cpp line: 80), due to "number_of_41primes" may lead to incorrect program execution in parallel

mode

primes_ompl.cpp(80): warning #12248: output data dependence from (file:primes_omp1.cpp line:80) to
(file:primes_omp1.cpp line:80), due to "number_of_41primes" may lead to incorrect program execution in parallel

mode

primes_ompl.cpp(81): warning #12246: flow data dependence from (file:primes_omp1.cpp line:81) to
(file:primes_omp1.cpp line:81), due to "number_of_43primes" may lead to incorrect program execution in parallel

mode

primes_ompl.cpp(81): warning #12248: output data dependence from (file:primes_omp1.cpp line:81) to
(file:primes_omp1.cpp line:81), due to "number_of_43primes" may lead to incorrect program execution in parallel

mode

[pakTnyecku:

Output @
Show output from: Build Y &3 %=
P Rebuild All started: Project: Primes_ompl, Configuration: Paralle+

1>Deleting intermediate files and output files for project 'Primes_ompl',

printf ("\nNumber of 4n+l primes found: %d\n",number of 4lprimes); 1>icl: warning #10182:

1>primes_ompl.cpp

printf ("\nNumber of 4n-1 primes found: %d\n",number of 43primes); 1>(0): internal error:

return 0;

1>Compiling with Intel(R) C++ 11.1.038 [IA-32]... (Intel C++ Environment)

disabling optimization; runtime debug checks enablg

backend signals

11

1>
1>compilation aborted
1>icl: warning #10281:

< [

= Output R Find Results 1|&*Find Symbo

1>Build log was saved at
1>Primes_ompl - 1 error(s), 2 warning(s)
========== Rebuild All: 0 succeeded, 1 failed, 0 skipped ========== -

for .\primes_ompl.cpp (code 4)
source checker not called due to source compilatior
"file://C:\Program Files (x86)\Intel\Compiler\11,

Results|-@ Error List




PVS-Studio (VivaMP)

* VivaMP — cTaTn4yeckmm aHanmsartop Koaa
ana npoBepkn OpenMP nporpamm. Bxogut

B cocTaB PVS-Studio.

* MIHTerpupyetca B Visual Studio 2005/2008.
CnpaBo4yHasi cuctema MHTErpupyeTcs B

w1 PortSample (vs2005) - Microsoft Visual S(udlo_@gg

File Edit View Qt Tuning Project Build Debug Tools | PVS-Studio | Window Community Help

& & Header Files
(1] PortSample.h

vz~ B3 3 o v (154 -bit Analysis (Vival
[ = & B 64-bit Analysis (Viva64)
Analyze: 64-bit issues (Viva64) -3 EF 2 [0} OpenMP Analysis (VivaMP)
Solution Explorer - Solu.. ¥ & X || “V1XX.cpp| PortSampleDlg.c| & Check Current File

=T B (Global Scope) j Check Current Project

J Solution 'PortSample (vs200 ~ 8 CheckSolution

1 7 PortSample ‘E‘ . .volatile-int/‘&# Options..
i 4

--for- (size t/ = Load Analysis Report

- -array[inde 5 Save Analysis Report

(1] PortSampleDIg.h

..if. (array[IT-T='1) =
[n) Resource.h ; Sl e p— : -
------ throw-CString ("x64-portability-issues");
O 0 Errors || _f\ 26 Warnings| (i) 0 Messages
Description File L 2
41 error V101: Implicit assignment type conversion to memsize type. vixx.cpp 34 =
42 more than one error, first error V201: Explicit type conversion. Type casting to memsize. v1>o(cpp 67

na error V102: Usage of non memsize type for pointer arithmetic.

4 4 error V103: Implicit type conversion from memsize to 32-bit type. lexcpp 84

& Output /SR Find Results 1|2 Find Symbol Results| @ Error List

& Primes_ompl - Microsoft Visual Studio

- - T o Fms vailie

File Edit View Qt Project Build
HA-EA~-ST P % 5
Analyze: OpenMP issues (VivaMP)

Solution Explorer - Primes_ompl

=2 &5

J Solution 'Primes_omp1l’ (1 project)
= 3 Primes_ompl
~.. & primes_ompl.cpp

Debug Tools PVS-Studio Window
&~ b Debug ~
v ) _@ T

pl.cpp| Start Page |
A 1le] B B

main(int-arg

{

3 Inked. «9 -1 3mIn




[TpuHumn paboTtbl PVS-Studio
(VivaMP)

* TexHonorusa OpenMP cnocobcTByeT
BO3HMKHOBEHUIO NTOKasIbHbIX
pacnapannerneHHblX y4acTKkoB koda. B
pes3ynesrate 00nbLUY YacTb OLLUNMOOK MOXHO
BbIABUTb 0OpabaTbiBas Kaxabin doamnn
OTAENbLHO.

» He TpebyeTtca kakon nmbo agantaymm
NpoeKkTa Unu crieymarbHbIX HACTPOEK.

o OunbTpauUna coobLLeHNN B pexxnme on-the-fly.
CoxpaHeHune n 3arpyska cnmcka

npegynpexaeHun.



PVS-Studio. [leMOHCTpaLNOHHbLIN

#pragma omp parallel for

for (size_ti=0;il=n; ++i) {
float *array =
new float[10000];

delete [] array;

}

pragma omp parallel

{

static int st = SlowFoo();

npumep

AHanusatop VivaMP guarHoctupyer B
OaHHOM Koae owmnbky: “V1302. The ‘new’
operator cannot be used outside of a
try..catch block in a parallel section.” Owmnbka
cBA3aHa ¢ bpocaHneM NUCKNIYEHNS U3
napannenbHoro broka.

Ctatnyeckasa nepeMmeHHas HQ4HeT
npoLuecc nH1uymanusauum cpasy B
HEeCKOJIbKMX MOTOKax, YTO MOXET MPUBECTU
K HeonpeneneHHomy pesynerarty. B
OTNNYMK OT pacnapansienmeaHuns C
ncnonb3osaHuem POSIX Threads, 3gecb
aHanusaTop ierko MOXeT NOHATb, YTO KoA
Haxo4uTCcAa B naparnsefibHON CeKkunu.



CpaBHeHue Intel C++ (“Parallel Lint”)
n PVS-Studio (VivaMP)

CpaBHeHune Ha 6a3se parallel_lint n3 gnuctpmnbyTtmea Intel C++ (Bcero 6

primes_ompl.cpp(70): warning #12246: flow data dependence from (fiIe:primes_ompl.chHleI)6o K) :

(file:primes_omp1.cpp line:73), due to "limit" may lead to incorrect program execution in parallel mode
primes_omp1l.cpp(70): warning #12248: output data dependence from (file:primes_omp1.cpp line:70) to
(file:primes_omp1.cpp line:70), due to "limit" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(75): warning #12246: flow data dependence from (file:primes_omp1.cpp line:75) to
(file:primes_omp1.cpp line:73), due to "j" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(75): warning #12246: flow data dependence from (file:primes_omp1.cpp line:75) to
(file:primes_omp1.cpp line:74), due to "j" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(75): warning #12246: flow data dependence from (file:primes_omp1.cpp line:75) to
(file:primes_omp1.cpp line:75), due to "j" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(75): warning #12248: output data dependence from (file:primes_omp1.cpp line:75) to
(file:primes_omp1.cpp line:72), due to "j" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(75): warning #12248: output data dependence from (file:primes_omp1.cpp line:75) to
(file:primes_omp1.cpp line:75), due to "j" may lead to incorrect program execution in parallel mode
primes_ompl.cpp(79): warning #12246: flow data dependence from (file:primes_omp1.cpp line:79) to
(file:primes_omp1.cpp line:79), due to "number_of_primes" may lead to incorrect program execution in
parallel mode
primes_ompl.cpp(79): warning #12248: output data dependence from (file:primes_omp1.cpp line:79) to
(file:primes_omp1.cpp line:79), due to "number_of_primes" may lead to incorrect program execution in
parallel mode
primes_ompl.cpp(80): warning #12246: flow data dependence from (file:primes_omp1.cpp line:80) to
(file:primes_omp1.cpp line: 80), due to "number_of_41primes" may lead to incorrect program
execution in parallel mode
primes_ompl.cpp(80): warning #12248: output data dependence from (file:primes_omp1.cpp line:80) to
(file:primes_omp1.cpp line:80), due to "number_of_41primes" may lead to incorrect program execution
in parallel mode
primes_ompl.cpp(81): warning #12246: flow data dependence from (file:primes_omp1l.cpp line:81) to
(file:primes_omp1.cpp line:81), due to "number_of_43primes" may lead to incorrect program execution
in parallel mode
primes_ompl.cpp(81): warning #12248: output data dependence from (file:primes_omp1.cpp line:81) to
(file:primes_omp1.cpp line:81), due to "number_of_43primes" may lead to incorrect program execution
in parallel mode

Parallel Lint (HanaeHo 6 oLun6GoOK n3 6.
KonuuecTtBo npeaynpexaeHnn: 13)

Warning 1 error V1205: Data race risk. Unprotected concurrent operation with the
'limit' variable. r:\primes\primes_omp1\primes_ompl.cpp 69

Warning 2 error V1205: Data race risk. Unprotected concurrent operation with the
'i" variable. r:\primes\primes_omp1\primes_omp1l.cpp 71

Warning 3 error V1205: Data race risk. Unprotected concurrent operation with the
'i" variable. r:\primes\primes_omp1\primes_ompl.cpp 74

Warning 4 error V1205: Data race risk. Unprotected concurrent operation with the
'number_of_primes' variable. r:\primes\primes_omp1\primes_ompl.cpp 78
Warning 5 error V1205: Data race risk. Unprotected concurrent operation with the
'number_of_41primes' variable. r:\primes\primes_omp1\primes_omp1l.cpp 79
Warning 6 error V1205: Data race risk. Unprotected concurrent operation with the
'number_of_43primes' variable. r:\primes\primes_omp1\primes_omp1l.cpp 80

VivaMP (HanaeHo 6 oLunOoK n3 6.
KonunyectBO npeaynpexneHui: 6)



PVS-Studio
(VivaMP)

lNMyHKT cpaBHeHuA

1. 3abbiTan aupekTusa parallel.

. 3abbiTan AupeKkTMBa omp.

. 3abbiTan gupekTusa for.

. MHOXecTBeHHOe pacnapannenmsaHue UMKNoB.

. He nogkntoveH 3aronosouHbli dpainn <omp.h>.

2
3
4
5. 3abbiTbie order AMPEKTUBDI.
6
7

.omp_set_num_threads BHyTp¥ napannenbHon cekumm.

8. HewetHocTb KonuyecTsa 610KMPOBOK M pa3bOKMPOBOK.

9. omp_get_num_threads 8 apupmeTyecKnux onepaumnx.

10. omp_set_nested BHYTPY NapannebHoM CEKLMUK.

11. NapannenbHoe UCNoNb30BaHWe 0BLLUX PecypPCos.

12. flush ana ykaszatens.

13. Ucnonb3osanue threadprivate.

14. CocTofHUA roHKW. CTaTUYecKne nepemeHHble.

15. CocTonHue roHKu. Ob6Las nepemMeHHas.

16. CocTosiHWe roHKuW. [JocTyn K maccusy.

17. CocToaHUe roHku. OnacHas dyHKUmMA.

18. CocTosiHve roHkn. Moanduraums obbekTa.

19. MpuBaTHbIE yKa3aTenu.

20. Heoctopo)kHoe npumeHeHue lastprivate.

21. beccmbicnertbli flush. /lokanbHbie nepemerHble.

22. bececmbicnernbiv flush. Mpucytcsyert HensHbiN flush.

23. UckntodeHua. ABHbIin throw.

24. Uckntodermna. Onepatop new.

25. UckntoueHuna. DyHKumuu.

26. 3abbiTan nHnymanmsauma. omp_init_lock.

27. 3abbiTas uHMLUManm3auma. JlokanbHble NepemeHHble.

28. 3abbiTana MHULMANM3aLMA NOCAE NAPANNENbHOTo
PErMoHa.

29. OTCyTCTBME KOHCTPYKTOpA KOMMPOBaHUA.

30. HeadeKTMBHOE NCNONB30BAHWE KPUTUYECKMX CEKLMIA.

31. BeccmbicnerHas 3alUuTa NOKaNbHbIX NEPEMEHHbIX.

32. /imwnwnii reduction.

MPOLEHT NOKPBITUA M3BECTHBIX aBTOPY HEKOPPEKTHBIX 72 %
NaTTepHOB NapannenbHoro Koaa: 2

Intel C++
(“Parallel Lint”)

25%

HekoppekTHaa Tabnuua
cpaBHeHUA Intel C++
(“Parallel Lint”) n
PVS-Studio (VivaMP)

BbiBoA;:

Parallel Lint yaobeH TeMm, KTO
yXe ucnonb3yert Intel C++ ongd
cbopKM CBOUX NPOEKTOB

PVS-Studio (VivaMP) nogxoguT
ansi pa3paboTyMKOB,
ncnonb3yowmx Visual C++



[IpenmyLlecTBa OT paHHen
ONArHOCTUKN OLLMOOK

Cpe,D,HFIﬂ CTOUMOCTb UCNpaBJ/ieHnA ,D,ereKTOB B 3@aBUCUMOCTU OT BPEMEHU

CraTtuveckum
aHanus

Bpems obHapyxeHusa nedekra
Bpems BHeceHus BblpaGOTKa! MNpoektuposanue | KoHcTpyuposanue Tecruposanwe | Mocne sumycka NO
nedpexTa TpeboBaHun apXUTEKTYpPbI (kogupoBaHue)
rpebosami 1 3 5-10 10 10-100
g 25-100

KoHcTpynpoBaHue
(koaupoBaHue)

NX BHECEHUSA N OBHapYXeHUS (OaHHble AN Tabnmubl B3STbl U3 KHUrn C.
MakkoHHenna "CoBepLueHHn Koa").




[TpunoxxeHune. lononHUTenbHbIE
npuMepbl

void Foo() {

Linkn, Bonpekun oxuaaHusim nporpamMmmMmucTa, oyaer

for (inti=0; | < n; ++i) BbINONTHATLCA TONIbKO OAHUM MOTOKOM.

#pragma single 3abbiTaa gupekTrnea omp. N xota komnmnatop VC++
{ BblAacT coobLleHune "warning C4068: unknown pragma",
9TO NpeaynpexneHne MoXeT ObiTb NPOUIrHOPUPOBaHa B
} BONbLUNX CIOXHbIX NPOEKTaX, Unn 6bITb BOOOLLE
OTKITHO4EHO.

#pragma omp parallel

{

omp_set_num_threads(2);

KonnyecTBo NOTOKOB HENb34 nepeonpenensaTs BHYTPH
napannenbHom cekumn. 3To NpUBOANT K oLInbKe BO
BpeMs BbIMNOSTHEHUSI NPOrpaMmbl 1 ee aBapumMHOMY
3aBepLUEHMIO.



[TpunoxxeHune. lononHUTenbHbIE
npuMepbl

CocTosiHMe roHKM BO3HUKaeT Toraa, korga
HEeCKOJ1IbKO MOTOKOB MHOFONMOTOYHOrO NPUOXKEeHUS
NbITalOTCAA OQHOBPEMEHHO MOosy4YuUTb AOCTYnN K
AaHHbIM, NpU4yeM XoTA 6b1 OAWH NOTOK BbINONHAET
3anucb. COCTOAHUA FOHKN MOTYT AaBaTb
HenpeAackasyemble pe3ysibTaThbl, U 3a4acTyH UX
CNOXHO BbIABUTbL. MHOrAa nocneacTBuA COCTOAHUA
FOHKU NMPOSABASAIOTCA TONbKO Yepe3 60rbLIOU
NPOMEXYTOK BpeMeHM U B COBCEM APYrou YacTu
npunoxeHus. Kpome Toro, oluM6KM Takoro poaa
HeBEepOSATHO CJI0XHO BOCMPOMU3BECTN NOBTOPHO.

inta=0;
#pragma omp parallel for
num_threads(4)

for (int i =0; i < 100000; i++) {

HeaddekTnBHbIM criegyeT cuntaTb UCMNOSIb30BaHNE

inta=1;

AnpekTuBbl flush 4Na nokanbHbIX NepeMeHHbIX
#pragma omp parallel for -
il (06bsABNEHHbIX B NapanfienbHOM CeKLUMN), a Takke

nepemMeHHbIX NOMeYeHHbIX KaK threadprivate, private,
lastprivate, firstprivate.

HAupekTuBa flush He UMeeT ANA NepPeYNCIIEHHbIX
nepeMeHHbIX CMbICIa, TaK Kak 3T NepeMeHHble Bcerga
cogepkar akTyanbHble 3Ha4yeHus. I 4ononHUTeNbHO
CHWXXaeT Npou3BOAUTENbHOCTbL Koda.

for (inti=10; i< 100; ++i) {
#pragma omp flush(a);



[lononHuTenbHaa nHpopmauus

CtaTbM nNo TemMaTuke npe3eHTauunnm:

* AHapewn Kapnos. YTto Takoe "Parallel Lint"?
http://www.viva64.com/art-3-1-17137191.html

* Anekceun Konocos, EBreHnn PbixxkoB, AHOpen Kapnos.

32 noaBoAHbIX KaMHA OpenMP npu nporpaMmmMmmpoBaHnUmn
Ha Cun++

http://www.vivab64.com/art-3-1-464379766.html

Hdoknap noarotoBneH cotpyaHukamm komnaHium OO0 «CullpoBep»

KomnaHua CulllpoBep 3aHumaeTca pa3paboTkorn nporpammMHoro obecnevyeHust B obnactu
aHanusa ncxogHoro koga nporpamm. OCHOBHbIE HanpasfeHUs Halnx paboT: Bepuukaums
nporpamMmm, CTaTU4ECKNN aHanu3 Kkoaa, pasBuTrue OTKPbIToN BMbnuoTekn pasdbopa n aHanuaa
Cu/Cn++ Koga, cosgaHne MHCTPYMeHTapus Ans TeCTUpPOBaHUS NPOrpaMMHbIX NPOAYKTOB.

KoHTakTHas nHpopmauums:

300027, Poccus, Tyna, Metannypros 70-1-88.
Web: www.vivat4.com

E-mail: support@viva64.com
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