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CopoepxaHue

Q TpyaHo obHapyxuBaemble owMbKK Tuna race condition
(KOHMPNNKT OOCTyNna K AaHHbIM).

2 Ownbkn Tnna deadlock (B3anmHasa 6noknpoBka HUTEN).

a Owmnbkn, cBaA3aHHbIE C UCMNONbL30BAHUEM
HENHNLUNAJTN3NPOBAHHbLIX NEPEMEHHDbIX.

Q ABTOMAaTU3MpPOBaHHbIN Nounck owmbok B OpenMP-
nporpammax npu nomowun Intel Thread Checker (Intel
Parallel Inspector) n Sun Studio Thread Analyzer (Oracle
Solaris Studio).
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KoHonnKT goctyna K AaHHbIM

an/I B3aMMoaeucTBumn yepes O6LL|,yI-O namMmAaATb HUTU OONMXKHbI CUHXPOHU30BaTb
CBO€ BbIMNONTHEeHne.

#pragma omp parallel

{ sum = sum + val;
}

1 LOAD R1,sum
2 LOAD R2,val
3 ADD R1,R2 LOAD R3,sum
4 LOAD R4,val
5 ADD R3,R4
6 STORE R3,sum
7 STORE R1,sum

Pe3yanaT 3aBUCUT OT NopsiaKa BbINMOJTIHEHUA KOMaHA. Tpe6yeTc;| B3anMHO€ UCKITHO4YeHue
KPUTN4YEeCKUX nHTepBasnos.

TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP : 3 n3 49
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KoHonnKT goctyna K AaHHbIM

OwunbKa BO3HUKaAeT npun ogHoBpevMeHHOM BbiNnoJIHEHUU cneayrownx

yCNOBUN:
O [OBe unun 6onee HUTeU oOpPaLLAIOTCA K OAHOU U TOU Xe AYenKe NamMaTu.
O [o kpanHen mepe, OONH U3 3TUX AOCTYNOB K NaMATU ABNSAETCA

3anucblo.

O HWTU He CUHXPOHU3NPYIOT CBON OOCTYMN K AAHHOW AYEeMKU NaMATMU.

NMpn ogHOBpEeMeHHOM BbINOSIHEHUUN BCEX TPeX YCNoOBUM NOPAAOK
AOCTyna CTaHOBUTCS HeonpeAenieHHbIM.
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| KOHNUKT gocTtyna K AaHHbIM

0 o

Mcnonb3oBaHue Pa3JINYHbLIX KOMNMUNATOPOB (pa3anHbIX onuuun
onTMMmn3auumum, BKIOYeHne/oTKNn4YeHue PeXunmMma otTnagkv npum
KoOMnMuUnsaumun nporpaMMbl), npuMeHeHune pa3JyimnyHbIX CTpaTerMﬁ
ninaHNpoBaHUA BbINOJIHEHUA HUTEN B Pa3JINYHbLIX OC, MOXeT
npuBoAUTDb K TOMY, YTO B KaKUX-TO YCINOBUAX (Hanpumep, Ha oAHOM
BbIYUCNNTENbHON MaLLIMHe) owwnoOKa He 6yp,eT npoABNATLCA, a B

Apyrux (Ha Apyrouv mawivmHe) — NpUMBOAUTbL K HEKOPPEKTHON paboTte
nporpamMmmbl.

OT 3anycka K 3anycKy nporpamMmma MoXeT BblAaBaTb pa3fiM4HbIe
pe3ynkTaThl B 3aBUCUMOCTU OT Nopsifka AocTyna.

OTnoBUTb TaKy OWNOKY OYEeHb TAXerO.

NMpn4ynHOM Takmx oIUOOK, KaK NpaBuUNoO ABIAKOTCA:
HeBepHoe onpeaeneHne Krnacca nepeMeHHoN,
OTCYTCTBME CUHXPOHM3aALUMN.
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KoHonnKT 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[i];
a[i]=1-tmp;
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KoHonnKT 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[il;
a[i]=1-tmp; a[i]=1-tmp;
} }
} }

TexHonornsa napannesnibHOro nporpammupoBsaHus OpenMP : 7 n3 49
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| KoHonnKT goctyna K AaHHbIM

file1l.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); }
TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP : 8 "3 49
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[Hnpektuea threadprivate

threadprivate — nepemMeHHble cOXpaHAIOT rnodanbHy0 0611acTb BUANMOCTHU
BHYTPU KaXXA0N HUTH

#pragma omp threadprivate (Var)
Ecnu KonuyecTBO HUTEN

He U3MEeHUNOCb, TO
KaXkgas HUTb NONy4YuT
3Ha4YeHue, NoCYUTaHHoe

Var = 1 ... =Var B npeAbiayLien

napannesnbHOU obnacTu.

Var = 2 ... = Var

131 Tvdvd
A3 Ivdvd
A3T7T1vdvd AN

1371 Tvdvd AN
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| KoHonnKT goctyna K AaHHbIM

file1.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); }

}

TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP :
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KoHonnKT goctyna K AaHHbIM

#define N 100
#define Max(a,b) ((a)>(b)?(a):(b))
float A[N], maxval;
#pragma omp parallel
{
#pragma omp master
maxval = 0.0;
#pragma omp for
for(int i=0; i<N;i++) {
maxval = Max(A[i],maxval);

}

TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP :
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KoHonnKT 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], maxval; float A[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=0; i<N;i++) { for(int i=0; i<N;i++) {
maxval = Max(A[i],maxval); #pragma omp critical
} maxval = Max(A[i],maxval);
} }
}
TexHonorua napannensHoro nporpammuposaHust OpenMP : 12 13149
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KoHonnKT 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], maxval; float A[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=0; i<N;i++) { #pragma omp for
maxval = Max(A[i],maxval); for(int i=0; i<N;i++) {
} #pragma omp critical
} maxval = Max(A[i],maxval);
}
}
TexHonorua napannensHoro nporpammuposaHust OpenMP : 133149
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KoHonnKT 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(c[i]);

TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP :

Mocksa, 2012 1. dyHKuMoHanbHas otnagka OpenMP-nporpamm

14 un349



KoHonnKT 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)
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(c[i]);

TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP :
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KoHonnKT goctyna K AaHHbIM

void example(int n, float *a, float *b, float *c, float *z)
{
inti;
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 += ¢[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);

TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP :
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KoHonnKT goctyna K AaHHbIM

void example(int n, float *a, float *b, float *c, float *z)
{
inti;
float sum = 0.0;
#pragma omp parallel
{
#pragma omp for schedule(static) nowait reduction (+: sum)
for (i=0; i<n; i++) {
cli] = (a[i] + b[i]) / 2.0;
sum += ¢[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);

TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP :
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PacnpepneneHve UUKINoB C 3aBUCUMOCTbLIO MO AaHHbIM.
OpraHusauna KOHBEMEepPHOro BbINOSIHEHUA LUUKNA.

for(inti=1; i< N; i++)
for(intj=1; j < N; j++)
a[illj] = (a[i-1][] + alil[j-1] + a[i+11[] + a[il[j+1]) / 4
T1

T1

o

AT

TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP :
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PacnpepneneHve UUKINoB C 3aBUCUMOCTbLIO MO AaHHbIM.
OpraHusauna KOHBEMEepPHOro BbINOSIHEHUA LUUKNA.

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++) {

{ a[ilil=(ali-1]0] + a[illi-1] + a[i+1][j] +

iam = omp_get_thread_num (); alil[j+1])/4;

numt = omp_get_num_threads ();

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

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

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

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

isync[iam-1]=0;

}

TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP :
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Moaenb namsatu B OpenMP

O6wasa namMaTb

Mt U 4’,]

20 1349



Moaenb namsatu B OpenMP

=i 1\35{%%@“";‘“’ #pragma omp flush (i)

#pragma omp flush (i)

=1+ 2507
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KoHcucteHTHOCTb namaTn B OpenMP

KoppekTHasi nocrnegoBaTenbHOCTb paboTbl HUTEN C NEPEMEHHOMN:
HuTe0 3anucbiBaeT 3Ha4YeHUe nepemMeHHou - write(var)

HunTb0 BbINOMHAET onepauuto CUHXpoHu3aunm — flush (var)
HunTb1 BbINOMHAET onepauuto CMHXpoHu3aunm — flush (var)
HuTb1 ynTaeT 3HayeHne nepemeHHomn — read (var)

Oupektuea flush:

#pragma omp flush [(cnucok nepemeHHbIx)] - ans Cu

[1o ymonyaHuio Bce nepemMeHHble NPMBOAATCA B KOHCUCTEHTHOE COCTOSAHUE (#pragma omp
flush):

J[J1pn BbapbepHON CUHXPOHN3ALUN.
[1pn Bxoge vn Bbixoge 13 KoHCTpykuumn parallel, critical 1 ordered.

JJ1pun BbIXO4€E 13 KOHCTPYKUKUK pacnpeneneHns pabor (for, single, sections, workshare),
eCIi1 He yKa3aHa knay3a nowait.

[1pn BbI3oBe omp_set_lock 1 omp_unset_lock.

JJ1pun BbizoBe omp_test lock, omp_set nest_lock, omp_unset_nest_lock un
omp_test _nest_lock, ecnu namenunocb coctosgHmne cemadopa.
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PacnpepneneHve UUKINoB C 3aBUCUMOCTbLIO MO AaHHbIM.
OpraHusauna KOHBEMEepPHOro BbINOSIHEHUA LUUKNA.

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++) {
{ a[ilil=(a[i-1]0] + a[illi-1] + a[i+1][j] +
iam = omp_get_thread_num (); alil[j+1])/4;
numt = omp_get_num_threads ();
limit=min(numt-1,N-2); if (ilam<Ilimit) {
isync[iam]=0; for (;isync[iam]==1;) {
#pragma omp barrier #pragma omp flush (isync)
for (int i=1; i<N; i++) {
if ((lam>0) && (iam<=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)
}

TexHonornsa napannesnibHOro nporpammupoBsaHus OpenMP :
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| KoHonnKT 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][jl-grid[il[j]1).eps);
\ grid[i][j] = tmpli][j];
#pragma omp for
for (int i=1; i<N-1; i++)
for (int j=1; j<N-1; j++)
tmpl[i][j] = 0.25 * ( grid[i-1][j] + grid[i+1][j] + grid[i][i-1] + grid[i][j+1]);
if (eps < MAXEPS) break;
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| KoHonnKT 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][jl-grid[il[j]1).eps);
\ grid[i][j] = tmpli][j];
#pragma omp for
for (int i=1; i<N-1; i++)
for (int j=1; j<N-1; j++)
tmpl[i][j] = 0.25 * ( grid[i-1][j] + grid[i+1][j] + grid[i][i-1] + grid[i][j+1]);
if (eps < MAXEPS) break;

TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP :
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B3anmMHas OrokMpoBKa HUTEN

#define N 10
int A[N],B[N], sum;
#pragma omp parallel num_threads(10)
{
int iam=omp_get_thread _num();
if (iam ==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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Cemadopsbl B OpenMP

#include <omp.h>

#define N 100

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

{

omp_lock_tIck;

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(&Ick);
maxval = Max(A[i],maxval);
omp_unset_lock(&Ick);

}
}

return 0;
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| Cemadopsbl B OpenMP

#include <omp.h>

#define N 100

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

{

omp_lock_tIck;
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(&Ick);
maxval = Max(A[i],maxval);
omp_unset_lock(&Ick);

omp_destroy_lock(&lck);
return-0;—
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B3anmMHas OrokMpoBKa HUTEN

#pragma omp parallel
{
int iam=omp_get_thread_num();
if (lam ==0) {
omp_set_lock (&lcka);
omp_set_lock (&lckb);
X=x+1;
omp_unset_lock (&lckb);
omp_unset_lock (&Icka);
} else {
omp_set_lock (&lckb);
omp_set_lock (&lcka);
X=X+2;
omp_unset_lock (&Icka);
omp_unset_lock (&lckb);
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B3anmMHas OrokMpoBKa HUTEN

#pragma omp parallel
{
int iam=omp_get thread num();
if (ilam ==0) {
omp_set_lock (&Ilcka);
while (x<0); /*umkn oxungaHunsa*/
omp_unset_lock (&lcka);
} else {

omp_set_lock (&lcka);
X++;

)

omp_unset_lock (&lcka);

}
}
}

TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP :
Mocksa, 2012 . ®dyHKuMoHanbHas otnagka OpenMP-nporpamMm 3013 49



HenHnumannsanpoBaHHblE NEPEMEHHbIE

#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);
}
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HenHnumannsanpoBaHHblE NEPEMEHHbIE

#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);
}
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HenHnumannsanpoBaHHblE NEPEMEHHbIE

int tmp = 0;
#pragma omp parallel
{

#pragma omp for firstprivate(tmp), lastprivate (tmp)
for (intj = 0; j < 100; ++j) {

if (j<98) tmp = j;

}
printf(“%d\n”’, tmp);
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HenHnumannsanpoBaHHblE NEPEMEHHbIE

static int counter;
#pragma omp threadprivate(counter)

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

{

counter++;
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HenHnumannsanpoBaHHblE NEPEMEHHbIE

static int counter;
#pragma omp threadprivate(counter)

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

{

counter++;
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ABTOMaTU3NpPOBaHHbLIN NOUCK ownOOK. Intel Thread
Checker (Intel Parallel Inspector)

KAI Assure for Threads (Kuck and Associates)
AHanuns nporpamMmmbl OCHOBaH Ha npoueaype UHCTPYMeHTauuu.

UHcmpymeHmayus — BCTaBKa obpalueHun Ans 3anucu AencTBumn,
noTeHUuMaribHO COCOOHbIX MPUBECTU K OLLMOKaM: paboTa ¢ NnaMATbIO,
BbI30Bbl OnepaumMm CUHXPOHU3aLMun n pabota C NOTOKaMMm.

MoXxeT BbINONMHATLCA:

O aBTOMaTU4yeckn (bMHapHaa MHCTPYMEHTauus) Ha ypoBHEe UCMNONMHAEeMOro
moaynsa (a Takke dll-oubnuoTtekn)

QO w/vnn no ykasaHUKo NnporpamMmMucTa Ha YypoBHE UCXOA4HOro Koga
(komnunaTopHaa uHcTpymeHTauma Windows).

TexHonornsa napannesnibHOro nporpammupoBsaHus OpenMP : 36 n3 49
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ABTOMaTN3NpPOBaHHbLIN NOUCK ownOOK. Intel Thread
Checker

Onsa kaxxgou ncnonb30BaHHOM B MporpamMmmMme nepeMeHHOU COXpaHAeTCs:

Q

00000

aapec nepemMeHHoOu;

TN ncnonb3oBaHuaA (read nnu write);
Hannuyue/oTcyTcTBMUE onepaLmum CUHXPOHU3aLUU;
HOMep CTPOKU U nmsa danna;

call stack.

UHcTpyMeHTauumsa nporpaMmmMbl + 00nbLION 06beM coxpaHsieMon
MHoOpMaLUM ANA KaX[oro oopalleHns = cylecTBeHHble HaKnaaHble
pacxoabl U 3amMeaneHne BbINOMTHEHUA NPorpaMmmMmbil.
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[NakeT TecToB SPLASH-2 (Stanford Parallel Applications
for Shared Memory) Ha 4-x agepHON MaLUNHe

Overhead in Thread Checker

o
o e ST A R S
wn
MW Instrumentation Only
O Full
o e R R I O N O O T NN I I I T T IR
“
o
% O w6 6 o 5% o 8 S8 8 B EE B e e EE S BE S S S G S GBS S S EE S eSS S e e e EE e eE eSSt eNe SN NT SRR SEETBEOIETBEROIETSROIEUETRTERTREORETRETROROROBTORORTUOIRussnssssfosesnvcnvcscshoshocccscrrscredicscstnsresnnsannnns
> (32}
:
©
=
Q
(T) o P L T I L R R R E O I O T O I O I T ey Urr O I
8 ............................................................................................................................................................
o
e emdesessssssssssssssssssssssssssssssssssssdescccvesscssssdesfoccccccscccscfochoccrccccccccehoedecccccccccccedicfoeccccceccccnefocfeccrcccrcccccboboiccccccrcccadiodecccccccccane]en
e e e e e I N e I

FFT Ocean Rayirace Water-sp Water-n2  Radix Cholesky LU Radiosity Mean

TexHonornsa napannesnibHOro nporpammupoBsaHus OpenMP : 38 n3 49
Mocksa, 2012 1. dyHkuMoHanbHasa otnagka OpenMP-nporpamm



ABTOMaTN3NPOBaAHHbLIN NOUCK owmnboK. Sun Thread
Analyzer

UHCTpymMeHTauusa nporpamMmbl:
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

[Nony4yeHue pe3ynsraToB aHarM3a nporpamMmmbl
tha test.1.er => GUI
er_print test.1.er => uHTEpPdENC KOMaHOHOWN CTPOKU
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ABTOMaTN3NPOBaAHHbLIN NOUCK owmnboK. Sun Thread
Analyzer

if (lam==0) {
if (lam==0) { ptr1 = mymalloc(sizeof(data_t));
user_lock (); ptr1->data = ...
data = ...
myfree(ptr1);
} else { } else {
user_lock (); ptr2 = mymalloc(sizeof(data_t));
... = data; ptr2->data = ...
} myfree(ptr2);

MoXxeT BblgaBaTb cOOOLWEeHNsA 00 ownMbKax Tam rae ux HeTt
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Intel Thread Checker n Sun Thread Analyzer

Sparse

Adaptive

NMporpamma Jacobian Solver atrix-Vector :

porp multiplication Integration Solver

Mem MFI§OPI Mem MFI§OPI 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 15 3.1 ) ) ) )
Sun on 2 Threads 5 600 50 550 2 84s
Sun Thread
Analyzer on 2 125 1.1 2020 0.8 17 8.5s
Threads

http://www.fz-juelich.de/nic-series/volume38/terboven.pdf
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oo Jacobi - Microsoft Visual Studio
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Intel Parallel
Inspector 2011

06 w v iIX 7 :
e 1 M Analysis type: [éMemory Errors 'l Always show this dialog box before running memory error analyses

AEEE

; Pewenne "Jacobi" (npoextos: ] = /*
4 [71 Jacobi J -
fd BHewHue 3aBcumocT #1n
[_d 3aronoeouHble daitnbl #1in
4 |7 Daiinel ncxoaHoro Koaa .
¢+ jac.cpp i
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#de
int
dou
dou
FIL
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- L) Does my target leak memory?|
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‘ [:] 10x-40x Does my target have memory access problems?
d 20x-80x Where are the memory access problems? |IUHH”HN
| | Analysis Time Overhead Memory Qverhead
]
| Does my target leak memory?
« Analysis level: Low (mil)
« Call stack depth limit: 7
i For best results, choose targets:
« Compiled with debug information on, optimization off, and dynamic runtime library selected.
i « With small representative data sets (the overhead is proportional to the number of allocation calls)
i Press F1 for Help.
i
L]

Private suppressions: | Delete problems v

S
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[RunAnaIysis] [ Cancel
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oo Jacobi - Microsoft Visual Studio
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4 [71 Jacobi J -
fd BHewHue 3aBcumocT #1n
[_d 3aronoeouHbie daitnbl #ind
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FILE
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[10x40x ) Does my target have deadiocks?|

20x-80x Does my target have deadlocks or data races?

e

40x 160x

.unﬂﬂﬂﬂm

Memory Qverhead

Where are the deadlocks or data races?

Analysis Time Overhead

Does my target have deadlocks

« Analysis level: Low (ti1)
« Call stack depth limit: 1

For best results, choose targets:
« Compiled with debug information on, optimization off, and dynamic runtime library selected.
« With small representative data sets (the overhead is proportional to the number of locking calls)

Press F1 for Help.

Private suppressions: | Delete problems v
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[Run Analysis] [ Cancel
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oo Jacobi - Microsoft Visual Studio .
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Intel Parallel
Inspector 2011

Analysis type: [g’l’hreading Errors v] Always show this dialog box before running threading error analyses

10x-40x Does my target have deadlocks?
\ E] 20x-80x Does my target have deadlocks or data races? |
l0x-160x] ) Where are the deadlocks or data races?| ull I I I‘
Analysis Time Overhead Memory Overhead

Where are the deadlocks or data races?

« Analysis level: High (i3)
+ Call stack depth limit: 12
« Previous call stacks capture: Yes

For best results, choose targets:
+ Compiled with debug information on, optimization off, and dynamic runtime library selected.
« With small representative data sets thatrun < 20 seconds and use < 200MB of virtual memory.

Press F1 for Help.

Private suppressions: h)elete problems v] || Detect additional problems with stack accesses

[RunAnalysis] [ Cancel ]
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00 Jacobi - Microsoft Visual Studio SIS N eee—S W e T S

®aiin [paeka Bwa [lpoekr [loctpoenue Otnagka PaBouasrpynna [annbie Cepsuc Tecr OkHo Cnpaska
[«j F [ L?B@l&—dﬁ"q'o‘"‘-ﬂ'h_;l?mlDebug | ||[Eltranslateto Il@f%@j@.ﬁﬂa
I i R A IfE | T2|080 53 &5 B | B nspect |InspectThread|ng Erro 'l =i iG] | [ Profile |Hotspots | i | qp l.
O6ospes... ~ 1 X [FUITERSA [003ti3 0023 jac.cpp
S ER
{,j Pewenne "Jacc
4 InspectorRf 4

.nh
o
nvi
I'II

Intel Parallel [nspe

f',"/ Threading Errors (level ti3)

Collection Log” @ Summaryl

« 9 Ja obi Problems
224 000 .
001 IDa @& Problem Sources Modules State Severity
0020 R® Datarace jac.cpp Jacobi.exe New Error
24 r003f | P2 @ Datarace jac.cpp Jacobi.exe New Problem
Fad 0048 (P3 @ Datarace jac.cpp Jacobi.exe  New Data race
B mé;i:bl P4 @ Datarace jac.cpp  Jacobi.exe New o
> HELLIHI y
2 ac.c
[d 3arone ESTEP
4 |7 Daiinbl Module
¢+ jac. Jacobi.exe
[ Daiinb State
7 New
ions Suppressed
D Description & Source Function Module &= Not suppressed
X1 Read jac.cpp:2l L_main_19_ par_loop0_2.27 Jacobi.exe ‘__-:_ Investigated
19 #pragma omp parallel for Not investigated
20 for(i=0; i<=L-1; i++)
21 for(3=0; j<=L-1; j++)
22 {
23 A[i][3]1=0.;
X3 Read jac.cppi23 L_main_19_ par_loop0_2.27 Jacobi.exe
21 for(j=0; j<=L-1; j++)
22 {
23 A[i][3]1=0
> L RIS1 5]l 1515 Y
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®aiin [paska Buwa [poekr [loctpoenne Otnagka Pabowasarpynna [anubie Cepsuc Tect Oxkno  Cnpaska

[«j -2 L?B@l&—d.ﬁ"’)'(“"‘.ﬂ'h_;lPlDebug |

||[Eltranslateto Il@g%@}@.ﬁﬂ
>| Profile |Hotspots | i | ap l.

S Z2|08BeBdaR B
Obospes.. ~ T X FULTTERSE 00413 003ti3 002ti3 jac.cpp

S ER
{,j Pewenne "Jacc pi
4 Inspector R < Collection Log H @ Summaryl | o Sourcesl

« 3 c::(']o i Focus Code Location: jac.cpp:30 - Write :

.EIAI
|
v

i R A IfE 2] Inspect |Inspect Threading Erro 'l =i i | B

f',"/ Threading Errors (level ti3) Intel Parallel Inspe

1001 33 for(it=1; it<=ITMAX; it++) - !Jacobi.exe!L__main_27_par_
3 oo |22 !
7 1003 30 eps= 0.;
T 004 31 #pragma omp for . 4 4 |:|
52 005 2 for(i=1l; i<=L-2; i++)
5 ;?ﬂjacobi 33 for(j=1; j<=L-2; j++) J
> (g BHewn >4 {
(3 3arono
4 |7 Daiino jf & ated Code Location: jac.cpp:35 - Read
¢ jac.f |33 for(3=1; 3<=L-2; J++) | | B Jacobi.exell__main_27_par,
[ ®aiinel f§f |34 {
35 eps = Max(fabs(B[i] [J]1-A[i][3]),eps):
38 A[i][3] = B[i]1([3]:
37 } [
38 #pragma omp for
39 for(i=1; i<=L-2; i++) -
< | m 3

ID Description Source Function Module

X14  HINT: Synchronization allocation site 5] jac.cpp:19 main Jacobi.exe Read
X15  HINT: Synchronization allocation site 5] jac.cpp:39 L__main_27__par_regionl_2.88 Jacobi.exe jac.cpp:35
X6 Read jac.cpp:35 L_main_27__par_regionl_2.88 Jacobi.exe

Y0 Read  [Hiacenndd |__main 27 _nar renionl 282 lacnhieva
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| Cnacubo 3a BHumMmaHume!

Bonpocbi?

TexHonorusa napannenbHoro nporpammupoBaHusa OpenMP :
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Cnepyolwias tema

QO Otnaaka acdbdektnuBHoctn OpenMP-nporpamm.
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