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CoaepxaHue

0 TpyaHo obHapyxunBaemble ownbky Tuna Data Race
(KOHPKUKT OoCTyna K AaHHbIM) 1 Race Condition.

Q Owwmnbkn Tnna Deadlock (BsanmHas bnokuposka HUTEN).

O OwmnbKKU, cBA3aHHbIe C UCMNoNb30BaHUEM
HEUHNLMANN3NPOBaHHbIX NEePEMEHHbIX.

Q ABTOMaTU3MPOBaHHbLIN Nonck owmnbok B OpenMP-
nporpammax npu nomowym Intel Thread Checker (Intel
Parallel Inspector), Sun Studio Thread Analyzer (Oracle
Solaris Studio) n Valgrind.
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KOHMNUKT gocTyna K AaHHbIM

an B3aMMOAEeNCTBUMN yepes O6I.I.|,yl-0 namMmATb HUTU AOJTXKHblI CUHXPOHU3O0BATDb
CBO€ BbINOJIHEHUe.

#pragma omp parallel

{ sum =sum + val,
}
1 LOAD R1,sum
LOAD R2,val
ADD R1,R2 LOAD R3,sum
STORE R1,sum LOAD RA4,val

ADD R3,R4
STORE R3,sum

O 01 A WD

Pe3yanaT 3aBUCUT OT NopsAaaKka BbINnOoJIHEHNA KOMaHA. TpeﬁyeTc;l B3anMHO€ UCKITKo4YeHune
KPUTU4eCKUX MHTEepBasnos.
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KOHMNUKT gocTyna K AaHHbIM

OwnbkKa BO3HUKaET Npu oAHOBPEMEHHOM BbINMOSIHEHUU CreayrLWmX
yCIIOBUNA:

O [OBe unu 6onee HUTeN oOpaLLAOTCA K OOHOMU U TOM Xe AYenKe NnamMaTu.

QO [lo kpanHen mepe, OOUH U3 ITUX AOCTYNOB K NaMATU ABNAETCA
3anucblo.

O HwWTU He CUMHXPOHU3UPYIOT CBOMU AOCTYN K AAaHHON AYEeNKN NaMATMU.

anI oAoHOBpPpeéMeéHHOM BbINOJIHEHUN BCeX TpeXxX yCHOBMVI nopsagokK
AOoCTyna CTaHOBUTCA HeonpeAesyieHHbIM.
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| KOHonMKT goctyna K AaHHbIM

Ucnonb3oBaHne pa3nnyHbIX KOMIUIATOPOB (Pa3fMyHbIX ONMLUN
OoNnTUMN3aLUU, BKINHOYEHUE/OTKIIOYEeHUe peXxnma oTraakv npu
KOMNUASLUKM NporpaMmmbl), MPUMEHEHNE PasfIMYHbIX CTpaTeruu
NSIaHMPOBAHMUSA BbINOSTHEHUA HUTEN B pa3nuyuHbix OC, moxeT
NPUBOAUTL K TOMY, YTO B KAKUX-TO YCroBUsAX (Harnpumep, Ha oaHOMN
BbIYUCNUTESIbHOMN MalUMHE) omnbKa He OyaeT NpoABNATLCSA, a B
Apyrux (Ha gpyrou maluvHe) — NpUBOAUTb K HEKOPPEKTHOU paboTe
nporpamMmmbil.

OT 3anycka K 3anycKy nporpamMmma MoXeT BbiaBaTb pa3finyHbie
pe3ynkTaTbl B 3aBUCMMOCTU OT Nopsaka gocTtyna.

OTnoBUTb TaKy OLUNOKY OYEHb TAXEero.

NMpuynHOM TakMx OoWMOOK, KaK NpaBuIio ABNAKOTCA:
O HeBepHoOe onpeaerieHne Krnacca nepeMeHHOMU,
O OTCyTCTBME CUHXPOHU3aLUMWN.
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KOHMNUKT gocTyna K AaHHbIM

#define N
float a[N], tmp;
#pragma omp parallel
{
#pragma omp for
for(int i=0; i<N;i++) {
tmp= a[i]*a[l];
a[i]=1-tmp;

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 6 u3 54

Mocksa, 2024 1. otnagka OpenMP-nporpamm © BaxtuH B.A.



KOHMNUKT gocTyna K AaHHbIM

#define N #define N
float a[N], tmp; float a[N], tmp;
?pragma omp parallel #pragma omp parallel
{
#pragma omp for > #pragma omp for private(tmp)
for(int i=0; I<N;i++) { for(int i=0; i<N;i++) {
tmp= a[i]*a[i]; tmp= a[i]*a[i];
a[i]=1-tmp; ali]=1-tmp:;
) }
) }
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| KOHQMKKT AocTyna K AaHHbIM

filel.c file2.c

Int counter = 0; _ extern int counter;
#pragma omp threadprivate(counter)

int decrement_counter()

int increment_counter() {
{ counter--;
counter++; return(counter);
return(counter); }
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| OunpekTnea threadprivate

threadprivate — nepemMeHHbIe COXPaHAKT rMoodanbHy 06nact BUAMMOCTU
BHYTPU KaXXOOU HUTHU

#pragma omp threadprivate (Var)
Ecnu KonuyecTBO HUTEN

He U3MEeHUNOCb, TO
KaXkgas HUTb NONy4vuT
3Ha4YeHue, NoCYUTaHHOe

Var = 1 ... = Var B npeAbiayLien

napannesibHon oonacTu.

... = Var

Var =2

131vdvd
13T1vVdvd AN
13711vdvd
137Tvdvd AN
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| KOHQNUKT JocTyna K AaHHbIM

filel.c file2.c
int counter = 0; _ extern int counter;
#pragma omp threadprivate(counter) #pragma omp threadprivate(counter)
o int decrement_counter()
int increment_counter() {
{ counter--;
counter++; return(counter);
return(counter); }
}
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KOHMNUKT gocTyna K AaHHbIM

#define N 100
#define Max(a,b) ((a)>(b)?(a):(b))
float A[N], B[N], maxval;
#pragma omp parallel
{
#pragma omp master
maxval = 0.0;
#pragma omp for
for(int i=1; i<N-1;i++) {
B[i] = (A[i-1] + A[i+1]) / 2.;
maxval = Max(A[i]-B[i],maxval);

}
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KOHMNUKT gocTyna K AaHHbIM

#define N 100 #define N 100
#define Max(a,b) ((a)>(b)?(a):(b)) #define Max(a,b) ((a)>(b)?(a):(b))
float A[N], B[N], maxval; float A[N], B[N], maxval,
#pragma omp parallel #pragma omp parallel
{ {
#pragma omp master #pragma omp master
maxval = 0.0; maxval = 0.0;
>
#pragma omp for #pragma omp for
for(int i=1; i<N-1;i++) { for(int i=1; i<N-1;i++) {
B[i] = (A[i-1] + A[i+1]) / 2; B[i] = (A[i-1] + A[i+1]) / 2;
maxval = Max(A[i]-B[i],maxval); #pragma omp critical
} maxval = Max(A[i] -B[i],maxval);
} }
}
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KOHMNUKT gocTyna K AaHHbIM

#define N 100 #define N 100
#define Max(a,b) ((a)>(b)?(a):(b)) #define Max(a,b) ((a)>(b)?(a):(b))
float A[N], B[N], maxval; float A[N], B[N], maxval,
#pragma omp parallel #pragma omp parallel
{ {
#pragma omp master #pragma omp master
maxval = 0.0; maxval = 0.0;
> .
#pragma omp for #pragma omp barrier
for(int i=1; i<N-1;i++) { #pragma omp for
B[i] = (A[i-1] + A[i+1]) / 2; for(int i=1; i<N-1;i++) {
maxval = Max(A[i]-B[i],maxval); B[i] = (A[i-1] + A[i+1]) / 2;
} #pragma omp critical
} maxval = Max(A[i]-B[i],maxval);
}
}
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KOHMNUKT gocTyna K AaHHbIM

void example(int n, int m, float *a, float *b, float *c, float *z)
{ . -

inti;

float sum = 0.0;

#pragma omp parallel

{

#pragma omp for schedule(runtime) nowait
for (i=0; i<m; i++) {
cli] = (a[i] + b[i]) / 2.0;
}
#pragma omp for schedule(runtime) nowait
for (i=0; i<n; i++)
z[i] = sqrt(cli]);
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KOHMNUKT gocTyna K AaHHbIM

void example(int n, int m, float *a, float *b, float *c, float *z)

{ . .
int i;
float sum = 0.0;
#pragma omp parallel

{

#pragma omp for schedule(runtime)
for (i=0; i<m; i++) {
cli] = (a[i] + b[i]) / 2.0;
}
#pragma omp for schedule(runtime) nowait
for (i=0; i<n; i++)
z[i] = sqrt(cli]);
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KOHMNUKT gocTyna K AaHHbIM

void example(int n, float *a, float *b, float *c, float *z)

{ . .
int i;
float sum = 0.0;
#pragma omp parallel

{

#pragma omp for nowait reduction (+: sum)
for (i=0; i<n; i++) {
cli] = (a[i] + b[i])/ 2.0;
sum += c[i];
}
#pragma omp for nowait
for (i=0; i<n; i++)
z[i] = sqrt(b[i]);
#pragma omp master
printf (“Sum of array C=%g\n”’,sum);
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KOHMNUKT gocTyna K AaHHbIM

void example(int n, float *a, float *b, float *c, float *z)

{ . .
int i;
float sum = 0.0;
#pragma omp parallel

{

#pragma omp for schedule(static) nowait reduction (+: sum)
for (i=0; i<n; i++) {
c[i] = (ali] +b[i]) / 2.0;
sum += c[i];
}
#pragma omp for schedule(static) nowait
for (i=0; i<n; i++)
z[i] = sqrt(b[i]);
#pragma omp barrier

#pragma omp master
printf (“Sum of array C=%g\n”,sum);
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PacnpeaneneHne UMKNoB C 3aBUCUMOCTLIO MO AaHHbIM.
OpraHunsauus KOHBEUEPHOro BbINOMTHEHUA LUKNA.

for(inti=1;1<N; i++)
for(intj=1;] <N; j++)
ali][j] = (ali-1][j] + a[i][j-1] + a[i+1][j] + a[i][j+1]) / 4

inTLO Htb 1 HuTb2
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PacnpeaneneHne UMKNoB C 3aBUCUMOCTLIO MO AaHHbIM.
OpraHunsauus KOHBEUEPHOro BbINOMTHEHUA LUKNA.

int isync[NUMBER_OF_THREADS];

int iam, numt, limit; #pragma omp for schedule(static) nowait
#pragma omp parallel private(iam,numt,limit) for (int j=1; j<N; j++) {

{ ali][j]=(a[i-1](j] + a[i][j-1] + a[i+1][j] +

lam = omp_get_thread num (); ali][j+1])/4;

numt = omp_get num_threads (); }

limit=min(numt-1,N-2); if (lam<limit) {

isync[iam]=0; for (;isync[iam]==1;);
#pragma omp barrier iIsync[iam]=1;

for (int i=1; i<N; i++) { }

if (Iam>0) && (lam<=limit)) { }
for (;isync[iam-1]==0;) ; }

isync[iam-1]=0;

}
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Moaenb namatu B OpenMP

o6was namsry,
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Moaenb namatu B OpenMP

OOLWan Namsry

=i 1 staticdnt i = 0: ~ #Pragmaomp flush (i)

#pragma omp flush (i)

=i+ 201 7?
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KoHcucTteHTHOCTL namaTn B OpenMP

KoppekTHast nocrnegoBaTenbHOCTb paboThbl HUTEW C NEPEMEHHOMN:
HuTe0 3anucbiBaeT 3Ha4YeHUe nepemMeHHou - write(var)

HunTb0 BbINONHAET onepaunio cnHxpoHnsauum — flush (var)
HuTb1 BbINONHAET onepaunio cnHxpoHnsauum — flush (var)
HuTb1 4nuTaeT 3HayeHue nepemeHHon — read (var)

OnpekTtnea flush:

#pragma omp flush [(cnucok nepemeHHbIX)] - ona Cu

Mo ymonyaHuio Bce nepemMeHHble NMPUBOAATCS B KOHCUCTEHTHOE COCTOSIHME (#pragma omp
flush):

[1pn GapbepHON CUHXPOHU3ALNW.
[1pn Bxoae n Bbixoae 13 KoHCTpyKkumnun parallel, critical v ordered.

«[1pn BbIXxoae 13 KOHCTPYKLUWIA pacnpeneneHnsa paodor (for, single, sections, workshare),
eCIin He yKasaHa knaysa nowait.

o[1pn BbI3oBEe omp_set _lock n omp_unset_lock.

[1pn BbI3oBe omp_test lock, omp_set nest lock, omp_unset nest lock u
omp_test _nest_lock, ecnn nsameHnnockb coctosiHne cemadoopa.
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PacnpeaneneHne UMKNoB C 3aBUCUMOCTLIO MO AaHHbIM.
OpraHunsauus KOHBEUEPHOro BbINOMTHEHUA LUKNA.

int isync[NUMBER_OF_THREADS];

int iam, numt, limit; #pragma omp for schedule(static) nowait
#pragma omp parallel private(iam,numt,limit) for (int j=1; j<N; j++) {
{ ali][il=(ali-1][j] + a[i][j-1] + a[i+1][j] +
lam = omp_get _thread _num (); alil[j+1])/4;
numt = omp_get_num_threads (); }
limit=min(numt-1,N-2); if (lam<limit) {
isync[iam]=0; for (;isync[iam]==1;) {
#pragma omp barrier #pragma omp flush (isync)
for (int i=1; i<N; i++) { }
if ((Ilam>0) && (lam<=limit)) { isync[iam]=1;
for (;isync[iam-1]==0;) { #pragma omp flush (isync)
#pragma omp flush (isync) }
} }
isync[iam-1]=0; }
#pragma omp flush (isync)
}
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KOHMNUKT gocTyna K AaHHbIM

#define ITMAX 20
#define Max(a,b) ((a)>(b)?(a):(b))
double MAXEPS =0.5;
double grid[L][L], tmp[L][L],eps;
#pragma omp parallel
{
for (int it=0;it<ITMAX; it++) {
eps=0.;
#pragma omp for
for (int i=1; i<N-1; i++)
for (int j=1; j<N-1; j++){
#pragma omp critical
eps = Max(fabs(tmpli][j]-grid[i][j]).epSs);
} grid[i][i] = tmp[i][j];
#pragma omp for
for (int i=1; i<N-1; i++)
for (int j=1; j<N-1; j++)
tmpli][j] = 0.25* (grid[i-1][j] + grid[i+1][j] + grid[i][j-1] + grid[i][j+1]);
if (eps < MAXEPS) break;
}

}
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| KOHMNUKT gocTyna K AaHHbIM

#define ITMAX 20
#define Max(a,b) ((a)>(b)?(a):(b))
double MAXEPS =0.5;
double grid[L][L], tmp[L][L],eps;
#pragma omp parallel
{
for (int it=0;it<ITMAX; it++) {
#pragma omp single
eps=0.;
#pragma omp for
for (int i=1; i<N-1; i++)
for (int j=1; j<N-1; j++){
#pragma omp critical
eps = Max(fabs(tmpli][j]-grid[i][]]).eps);
} gridi]lj] = tmp[]{];
#pragma omp for
for (int i=1; i<N-1; i++)
for (int j=1; j<N-1; j++)
tmpli][j] = 0.25* (grid[i-1]{j] + grid[i+1][j] + grid[i][J-1] + grid[i][j+1]);
if (eps < MAXEPS) break;
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| KOHMNUKT gocTyna K AaHHbIM

#define Max(a,b) ((a)>(b)?(a):(b))
double MAXEPS =0.5;
double grid[L][L], tmp[L][L],eps;
#pragma omp parallel
{
for (int it=0;it<ITMAX; it++) {
#pragma omp barrier
#pragma omp single
eps=0.;
#pragma omp for
for (int i=1; i<N-1; i++)
for (int j=1; j<N-1; j++){
#pragma omp critical
eps = Max(fabs(tmpli][j]-grid[i][]]).eps);
} gridi]lj] = tmp[]{];
#pragma omp for
for (int i=1; i<N-1; i++)
for (int j=1; j<N-1; j++)
tmpli][j] = 0.25* (grid[i-1]{j] + grid[i+1][j] + grid[i][J-1] + grid[i][j+1]);
if (eps < MAXEPS) break;

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 26 u3 54
} Mockea, 2024 r. otnaaka OpenMP-nporpamm © BaxtuH B.A.



B3anmHast briokMpoBKka HUTEN

#define N 10
int A[N],B[N], sum;
#pragma omp parallel num_threads(10)
{
int iam=omp_get_thread numy();
if (lam ==0) {
#pragma omp critical (update_a)
#pragma omp critical (update _b)
sum +=A[iam];
} else{
#pragma omp critical (update _b)
#pragma omp critical (update_a)
sum +=B[iam];
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Cemadopbl B OpenMP

#include <omp.h>

#define N 100

#define Max(a,b) ((a)>(b)?(a):(b))
int main ()

{

omp_lock _t lck;

float A[N], maxval;
#pragma omp parallel
{
#pragma omp master
maxval = 0.0;
#pragma omp barrier
#pragma omp for
for(int i=0; i<N;i++) {
omp_set_lock(&lck);
maxval = Max(A[i],maxval);
omp_unset_lock(&lck);

}
}

return O;
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| Cemadopbl B OpenMP

#include <omp.h>

#define N 100

#define Max(a,b) ((a)>(b)?(a):(b))
int main ()

{

omp_lock tlck;
float A[N], maxval;
omp_init_lock(&lck);
#pragma omp parallel
{
#pragma omp master
maxval = 0.0;
#pragma omp barrier
#pragma omp for
for(int i=0; i<N;i++) {
omp_set_lock(&lck);
maxval = Max(A[i],maxval);
omp_unset_lock(&lck);

omp_destroy_ lock(&lck);
I et LR
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B3anmHast briokMpoBKka HUTEN

#pragma omp parallel
{
int iam=omp_get _thread numy();
if (lam ==0) {
omp_set_lock (&lcka);
omp_set_lock (&lckb);
X=X+1,
omp_unset_lock (&lckb);
omp_unset_lock (&lcka);
} else{
omp_set_lock (&lckb);
omp_set_lock (&lcka);
X=X+ 2;
omp_unset_lock (&lcka);
omp_unset_lock (&lckb);
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B3anmHast briokMpoBKka HUTEN

#pragma omp parallel
{
int iam=omp_get _thread numy();
if (lam ==0) {
omp_set _lock (&Icka);
while (x<0); /*umkn oxungaHumsa*/
omp_unset_lock (&lcka);
} else {

omp_set_lock (&lcka);
X++;

omp_unset_lock (&lcka);
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| HenHnymnanmsanpoBaHHble NEPEMEHHLIE

#define N 100

#define Max(a,b) ((a)>(b)?(a):(b))

float A[N], maxval, localmaxval;

maxval = localmaxval = 0.0;

#pragma omp parallel private (localmaxval)

{
#pragma omp for
for(int i=0; i<N;i++) {
localmaxval = Max(A[i],localmaxval);
}
#pragma omp critical
maxval = Max(localmaxval,maxval);
}

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 32 us H4
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| HenHnymnanmsanpoBaHHble NEPEMEHHLIE

#define N 100

#define Max(a,b) ((a)>(b)?(a):(b))

float A[N], maxval, localmaxval;

maxval = localmaxval = 0.0;

#pragma omp parallel firstprivate (localmaxval)

{
#pragma omp for
for(int i=0; i<N;i++) {
localmaxval = Max(A[i],localmaxval);
}
#pragma omp critical
maxval = Max(localmaxval,maxval);
}

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 33 us3 54

Mocksa, 2024 1. otnagka OpenMP-nporpamm © BaxtuH B.A.



HenHnymnanmsanpoBaHHble NEPEMEHHLIE

int tmp = 0;
#pragma omp parallel

{

#pragma omp for firstprivate(tmp), lastprivate (tmp)
for (intj =0; j < 100; +4j) {
if (j<98) tmp =j;
}
printf(“%d\n”, tmp);

}

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 34 us H4
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HenHnymnanmsanpoBaHHble NEPEMEHHLIE

static int counter;
#pragma omp threadprivate(counter)

int main () {
counter = 0;
#pragma omp parallel

{

counter++;

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 35 us 54
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HenHnymnanmsanpoBaHHble NEPEMEHHLIE

static int counter;
#pragma omp threadprivate(counter)

int main () {
counter = 0;
#pragma omp parallel copyin (counter)

{

counter++;

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 36 us H4

Mocksa, 2024 1. otnagka OpenMP-nporpamm © BaxtuH B.A.



ABTOMaTU3MPOBaHHbLIU NOUCK OWMOOK. Intel Thread
Checker (Intel Parallel Inspector)

KAl Assure for Threads (Kuck and Associates)
AHanuns nporpamMmmbl OCHOBaH Ha npoueaype MHCTPYMEeHTaLuun.

UHcmpymeHmayus — BCTaBKa obpalieHun ana 3anmcu 4eMcTBUM,
NOTeHUMaNnbLHO CNOCOOHbLIX NPUBECTU K OLLMOKaM: padoTa ¢ NnamMATbLIo,
BbI30Bbl onepauun CUHXpPOHU3aUuMm U paborta ¢ NOTOKaMM.

MoXeT BbLINONMHATLCAH:

O aBTOMaTunyecku (OMHapHaa MHCTPYMEHTauus) Ha ypoBHEe UCNONTHAEMOro
moaynsa (a Takxke dll-onénuoTtekn)

QO w/vnu Nno yKasaHuio nporpamMmMmucTa Ha YpoBHE UCXOA4HOro Koaa
(komnunaTopHaa MHcTpyMeHTauua Windows).

Windows: /DEBUG /Zi
Linux: -g
Ucnonb3oBatb anHamu4yeckume runtime-ounonunotekm (Windows: /MDd)

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 37 us 4
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ABTOMaTU3MPOBaHHbLIN NOUCK OWMOOK. Intel Thread
Checker

Ana Kaxaou ncnosrib30BaHHOM B NporpaMmme nepeMeHHON COXpPaHAeTCs .
O appec nepeMeHHoM;

TUN Ucnonb3oBaHuA (read umnu write);

Hannuue/oTcyTCTBME Onepauun CUHXPOHU3ALUNUM,

HOMep CTPOKU U nma auna,

call stack.

U 0 0 O

UHCcTpyMeHTauusa nporpamMmmbl + 605bLLOU 00BLEM COXpaHAEMOW
MHoOpMaLUM ANA KaXaoro oopalleHns = cylecTBeHHble HaKnagHble
pacxoabl U 3ameaneHne BbINOMIHEHUA NPOorpamMmbil.

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 38 13 54
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[NakeT TectoB SPLASH-2 (Stanford Parallel Applications
for Shared Memory) Ha 4-x sAepHON MaLUNHe

Overhead in Thread Checker

[ |
D mm—r m o mE R B m A E R R ® o E W EE R % EEm o R N EmomomoEE E o oE EE o moE oEE E oEoE EE o E E oA E R N EE RN EE N Eow EE R N EE o m N o EE o oE EE oE oEoE o mE EoE EE N EoE o EE P E o EE R N o EE E R EE o N ® o EE N EEoE RN EE o EoE o mE R oE R oEA E R RN EoE oEE N oA E RN EE NN EE N N EE oE o rEmoEoEEEEoEEoEmoEoEwoma
uJ
MW Instrumentation Only
O Full
D e e
L=
[ |
D e T T Y T T T Y T T
‘;:‘ [ar]
s
]
=
[ ]
E D e e o e [ [
=
[ |
E e e e e e e e e e e e .. e e e e e S I .

FFT Ocean  Raytrace Water-sp Water-n2 Radix Cholesky LU Radiosity Mean
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ABTOMaTU3MPOBAHHbLIXN NOUCK OWMOOK. Sun Thread
Analyzer

UHCTpyMeHTaumua nporpaMmebil.
cc -xinstrument=datarace -g -xopenmp=noopt test.c

HakonneHue uH¢gopmaLum o nporpamme;
export OMP_NUM_THREADS=2

collect -r race ./a.out

collect -r deadlock ./a.out

collect -r all ./a.out

lNonyyeHune pe3ynbTaToB aHanu3a nporpamMmmbl
tha test.1.er => GUI
er_print test.1.er => nHTEpdENC KOMaAHOHOW CTPOKMU

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 40 us 54
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ABTOMaTU3NPOBaAHHbIN MOMUCK OWIMOOK. Sun Thread

Analyzer
if (lam==0) {
if (1lam==0) { ptrl = mymalloc(sizeof(data_t));
user_lock (); ptrl->data = ...
data = ...
myfree(ptrl);
} else { } else {
user_lock (); ptr2 = mymalloc(sizeof(data_t)):
... = data; ptr2->data = ...
} myfree(ptr2);
}

MoXxeT BblaaBaTb cCOOOLWEHUA 00 oMbKax TamMm rge nx Het

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 41 w3 54
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Intel Thread Checker n Sun Thread Analyzer

Sparse Matrix-

Adaptive

lporpamma Jacobian Solver  Ugctor multiplication  Integration Solver
Mem MF%OP/ Mem MFIEOP/ Mem Time

Intel on 2 Threads 5 621 40 929 4 50s

Intel Thread

Checker on 2 115 0.9 1832 3.5 30 95s

Threads

Intel Thread

Checker =tcheck 115 3.1 ) ) ) )

Sun on 2 Threads 5 600 50 550 2 8.4s

Sun Thread

Analyzer on 2 125 1.1 2020 0.8 17 85s

Threads

http://www.fz-juelich.de/nic-series/volume38/terboven.pdf

Mocksa, 2024 T.

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas
otnagka OpenMP-nporpamm © baxtuH B.A.
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TpeboBaHuMA K TeCcTam

anI aHanuse owMnOOK CBA3aHHbIX C MHOIFONMOTOYHOCTbLIO UCMOSNb30BaTh
MWUHUMarbHble 00bEeMbI AaHHbIX:

0 CokpaTuTb KONMMYeCTBO UTepauuun B anropmtmax
0 MuHnMmmsnpoBaTb pasmep nsobpaxeHnun

NMpn aHanu3e oWKMOOK NaMATU NcNofib30BaTb MaKCUMaribHbie 00 bEeMbI
OaHHbIX.

Mcnonb3oBaTb NOMHbIE TECThbI:
O AHanusunpyeTca TONIbKO UCMOSNHAEMbIN KoA
0 Kaxpan BeTKka Koga AO0MKHA UCMONMHUTCA XOTA Obl OAUH pa3

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 43 us 54
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#ded
#ded

Does my target leak memory?

+ Analysis level: Low (mii)
+ Call stack depth limit: 7
int
dou | For best results, choose targets:

+ Compiled with debug information on, optimization off, and dynamic runtime library selected.
dﬂ'u I « With small representative data sets (the overhead is proportional to the number of allocation calls)

FILE Press F1 for Help,
doul

doull
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00 Jacobi - Microsoft Visual Studio T .
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#ded
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Does my target have deadlocks

+ Analysis level: Low (H1)
+ Call stack depth limit: 1
int
dou | For best results, choose targets:

+ Compiled with debug information on, optimization off, and dynamic runtime library selected.
dﬂ'u I + With small representative data sets (the overhead is proportional to the number of lodking calls)

FILE Press F1 for Help,
doul

doull
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Intel Parallel Inspector

inspxe-cl -collect=<string> [-action-option] [-global-option] [--] <target> [<target options>]
<string> gives the analysis type to perform on <target>.
Available analysis types:
Name Description
mil Detect Leaks
mi2 Detect Memory Problems
mi3 Locate Memory Problems
til Detect Deadlocks
ti2 Detect Deadlocks and Data Races

ti3 Locate Deadlocks and Data Races

export OMP_NUM_THREADS=4

inspxe-cl -collect=ti3 ./jac

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 49 13 54
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Intel Parallel Inspector

inspxe-cl -report=<string> [-action-option] [-global-option]
<string> gives the report type. Supported report types are:
summary
problems
observations
status
Supported report output formats are:
text (default)
Csv

xmi

inspxe-cl -report=problems

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 50 us 54
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Intel Parallel Inspector

P1: Error: Data race: New
P1.15: Error: Data race: New
jac.c(20): Error X30: Write: Function main: Module a.out

jac.c(20): Error X31: Write: Function main: Module a.out

P2: Error: Data race: New
P2.27: Error: Data race: New
jac.c(36): Error X66: Write: Function main: Module a.out

jac.c(40): Error X67: Read: Function main: Module a.out

P3: Error: Data race: New
P3.24: Error: Data race: New
jac.c(39): Error X57: Write: Function main: Module a.out

jac.c(39): Error X58: Read: Function main: Module a.out

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 51 u3 4
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Valgrind

Valgrind is an instrumentation framework for building dynamic analysis tools.
There are Valgrind tools that can automatically detect many memory
management and threading bugs, and profile your programs in detalil.

The Valgrind distribution currently includes seven production-quality tools: a
memory error detector, two thread error detectors, a cache and branch-

prediction profiler, a call-graph generating cache and branch-prediction
profiler, and two different heap profilers.

Helgrind is a thread debugger which finds data races in multithreaded
programs (--tool=helgrind).

DRD is a tool for detecting errors in multithreaded C and C++ programs
(-tool=drd).

https://valgrind.org/

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 52 u3 4
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| Cnacunbo 3a BHMMaHue!

Bonpochbi?

MapannensHoe nporpammupoBaHue ¢ OpenMP: OyHkunoHanbHas 53 us H4
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