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fpragma omp parallel
{

fpragma omp for
for (i = 0; i<N; i++)
{..}

fpragma omp for
for (1 = 0; i< N; 1i++)
{..}




OpenMP* (LARID) 7 —2</ 7 I8 (2)

double al[N];

double 1, s = 0;

fpragma omp parallel for reduction(+:s)

private (1) schedule(static,4)

for (1 = 0; 1i<N; i++)

{
1 = log(aflil);
s += 1;
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while ( <expr> ) {

}

= BIREH

void myfunc( <args> )

{
..; myfunc( <newargs> );

}
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#pragma omp parallel
#pragma omp master
while (elem != NULL) {
#fpragma omp task
compute (elem) ;
elem = elem->next;
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subroutine task dep() {
integer :: a, b, c, d

!Somp task depend(out:a, b) Tl
a =20
b =20

!'Somp end task

!'Somp omp task depend(in:a) depend(out:c) ! T2
c = computation 1 (a)
!'Somp end task

!'Somp task depend(in:b) depend(out:d) T3
d = computation 2 (b)
!'Somp end task

!'Somp task depend(in:c,d) ! T4
computation 3(c, d)

!'Somp end task

end subroutine
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OpenMP* API IN—33> 4.0 OpenMP* API IN—3/3> 45
» task #81EIC depend Hi%=IEMN . target #81&IC depend Ei&BN
« doacross JL—7 =Y R—k

OpenMP* API /\—</3>/ 5.0

depend EiM lvalue T
#TLULMKRZREE Y 1 - mutexinoutset
depend §ilC1 7L —5—%EN
taskwait #81&IC depend Ei%ENN
KEEREAT7IDIATIION
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void cholesky (int ts, int nt, double* a[nt][nt]) { void cholesky(int ts, int nt, double* a[nt][nt]) {
for (int k = 0; k < nt; k++) { for (int k = 0; k < nt; k++) {
/| RBT7OvonE 0000 /| [WETOvISEE .
potrf(alk][k], ts, ts); — #pragma omp task depend(inout: alk] [k] o) ‘ ®
000000 O potrf(alk] [k], ts, ts); oo & 000
/| =BV 25 A o000 ® '.0 ® ©
for (int i = k + 1; i < nt; i++ T /| =BV AT A “"'
#pragma omp task — for (int 1 = k + 1; 1 < nt; 1i++) { _,I
@ trsm(alk](k], alk][i], ts, ts 00000 #pragma omp task depend(in: alk][k]) ‘ ®
T oo depend(inout alk][i]) L L
#pragma omp taskwait @ trsm(alk]l[k], alkl[i], ts, ts); 2
YY) ®
/| KikoiT51% B S b

/| RisDITHZEH
for (int 1 = k + 1; 1 < nt; 1i++) {
for (int j = k + 1; 3 < i; J++) {
#pragma omp task depend(inout: al[j][i]) ¥
depend (in: alk][i], alkl[3])
@ dgemm(alk][i], alk][j], aljlli]l, ts, ts);
}
#pragma omp task depend(inout: afli][i]) ¥
depend (in: aflk][i])
@ syrk(alk]l[i]l, alil[i]l, ts, ts);

for (int 1 = k + 1; 1 < nt; 1i++
for (int 7 =k + 1; 3 < i; Jj+ @
#pragma omp task
@ dgemm(alk][i], alk][j], aljllil, ts, ts);
}
#pragma omp task
@ syrk(alk][i], ali]lli], ts, ts);
}
#pragma omp taskwait

}
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void serial gauss_ seidel (int tsteps, int size, int (*p) [size]) { TQtZl\g_ya)ﬁg*ﬁ
for (int t = 0; t < tsteps; ++t) ({ EIBED t, | HALIK)

for (int 1 = 1; i < size-1; ++1i) {

for (int 7 = 1; j < size-1; ++3) {
plil (3] = 0.25 * (p[i][j-1]1 * // left
][3+1 * // right > B -
A\

pli ]
pli-11(31 * // top
pli+11[31); // bottom
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SRAONBOFERG: OV TIVE

void serial gauss_ seidel (int tsteps, int size, int (*p) [size]) { Zl/‘y Ftvl_jjny h:
for (int t = 0; t < tsteps; ++t) { FED ¢t
for (int 1 = 1; i < size-1; ++1i) { AANAA
for (int j = 1; 3 < size-1; ++3j) { 1
plil[j] = 0.25 * (p[il[j-1]1 * // left é***’ ~
p[i][J+1] * // right e | M
pli-11[3] * // top
pli+11031); // bottom <DIPY
) <YV
t \\ 4
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SRAONBOFERG: OV TIVE

void gauss_seidel (int tsteps, int size, int TS, int (*p) [size])
int NB = size / TS;
#pragma omp parallel
for (int t = 0; t < tsteps; ++t) {
/| &=AD NB XY B#R
for (int diag = 0; diag < NB; ++diag) {
#pragma omp for
for (int d = 0; d <= diag; ++d) {
int ii = d;
int jj = diag - d;
for (int i = 1+4ii*TS; i < ((ii+1)*TS); ++i)
for (int j = 14+33*TS; i < ((jj+1)*TS); ++3j)

plil[J] = 0.25 * (p[i][J-1] * p[i][J+1] *
) pli-11[3] * pli+1]1[J]);
I/ RAV Vi
}
/] &#ED NB IR
for (int diag = NB-1; diag >= 0; --diag) {

/| BIDIL—TERE#ROI—F
Py

{
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SRAONBOFERG: OV TIVE

void serial gauss seidel (int tsteps, int size, int (*p) [size]) { @&\ m§“71—77|:|7|‘
for (int t = 0; t < tsteps; ++t) {
for (int i = 1; 1 < size-1; ++1i) {
for (int j = 1; J < size-1; ++3) { AN N AN A
plil[j] = 0.25 * (p[il[j-1]1 * // left < SHIS
1301 v 1/ sight PP
p[i-11[3] * // top | m:
pli+11[31); // bottom <& ;lL;V . Lher
} } < \ 9'/ E;/H
} v n+3
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SRAONBOFERG: OV TIVE

void gauss_seidel (int tsteps, int size, int TS, int (*p) [size]) {

int NB = size / TS;

#fpragma omp parallel

#fpragma omp single

for (int t = 0; t < tsteps; ++t)

for (int 1ii=1; ii < size-1; ii+=TS)
for (int jj=1; jj < size-1; Jjj+=TS) ({
#pragma omp task depend(inout: p[ii:TS][jj:TS])
depend(in: pii-18:18] [13:75], pliisrs:xs] [49:1], BINT B ERROMERST KT
pl[ii:TS][jj-TS:TS], p[ii:TS][jj:TS]) Eﬁﬁ?/(f7—‘:/
71N

{

(int i=ii; i< (1l+4+ii)*TS; ++1)

for (int j=3j3j; J<(1+33j)*TS; ++3)

plil[j] = 0.25 * (p[i][j-1] * p[i][Jj+1] *
pli-11[J]1 * pli+11([31);

for
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loop HBiE

BEOI—TREEF, ZNoDETET IILEREICEAR:

#fpragma omp parallel for #pragma omp simd #fpragma omp taskloop
for (i=0; 1i<N;++i) {..} for (i=0; i<N;++1i) {..} for (i=0; i<N;++1i) {..}

\ IBII L1111 HRATZER
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loop #i&lE OpenMP* EXENTLF)L—TICELIETIFERAF —LA%EIRT D&
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loop HBiE

int main(int argc, const char* argv[]) {
float *x = (float*) malloc(n * sizeof (float));
float *y = (float*) malloc(n * sizeof (float)):;
[| AAZ—n,a.bZE&RZL. X,y ZHHL

ffpragma omp parallel

{

#fpragma omp loop

for (int i = 0; 1 < n; ++1){
yli] = a*x[i] + yI[i];
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metadirective 1L 95717

#7135 OpenMP* OV FFXASED OpenMP* oL U517
OpenMP* ¢ LOT 4 JEAICNTBREFNOXS-TOTS=200

ftpragma omp metadirective ¥
when ( device={isa(avx2)} : parallel for simd ) ¥
default ( parallel for )
for (1 = 1lb; 1 < ub; 1i++)
v3[i] = v1[i] * v2[i];

Bl: ERDORRIIEED
CEDHDFERT




Declare Variant

OpenMP* 4.5 Tl& BE/\—J a3V OB =EIERNTEXRT

pragma omp declare simd simdlen (4)
pragma omp declare simd simdlen (8)
ouble important stuff (double x)
{

// B8¥ timportant_stuffJ—k
}

declare variant I3 —HY —E&Z/N\—TYVaVOBEREBALET

hpragma omp declare variant (int important stuff (int x)) ¥

match ( context={simd (simdlen(4))}, device={isa(avx2)} )
| m256 mm256 important stuff( m256 x);
{

/*
BA% ‘important_stuff’ OFFFRbSNfcO—R . =2 TS
1V FTIL® AVX2 X179 /Oty —CHOHEINET Bl: ;E_B%XO)% AlI3EGS
/2 ZEnEBnES
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XEY—-0O0—5—

T—YHEERZFTINTOBEICHTDHLL T

" allocate( [allocator:] list )

=DHT:

" omp alloc(size t size, omp allocator t *allocator)
R

" omp free(void *ptr, const omp allocator t *allocator)

» allocator 5|IIATa>rTd

allocate 1L o547
. BIDYT BDETORMAIORYY RPOYF(LIF 4T




Gl: XEU—-7O5—5—0D{EH

void allocator example (omp allocator t *my allocator) {
int a[M], bI[N], c;
#pragma omp allocate (a) allocator (omp high bw mem alloc)

#pragma omp allocate (b) // OMP_ALLOCATOR &/&E7=ld omp_set _default_allocator THIEINET
double *p = (double *) omp alloc (N*M*sizeof (*p), my allocator);

#pragma omp parallel private(a) allocate(my allocator:a)
{
some parallel code();

}

#pragma omp parallel private(b) allocate (omp high bw mem alloc:b)
{

some other parallel code();

omp free(p);

S @
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void allocator example () {

double *array;

omp allocator handle t allocator;
omp alloctrait t traits[] = {
{omp atv partition, omp atv blocked}
bi
int ntraits = sizeof (traits) / sizeof (*traits);
allocator = omp_init allocator (omp default mem space,
ntraits, traits);

array = omp_alloc(sizeof (*array) * N, allocator);

AV5—IART

#pragma omp parallel for proc bind(spread)
for (int i = 0; i < N; ++1i) {
important computation(&arrayli]);

omp free(array, allocator);

L 5 @
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OpenMP* APl /\—2/3>/ 5.0 I, OpenMP* 5 X &
D7V I _FT14— bV EYR—LLET /

ar

void task affinity(double *A, size t n) {
double* B;
#pragma omp task shared(B) depend(out:B)
{
B = init B and important computation (A, n); (A —RT
}
#pragma omp task shared(B) depend(in:B)
{
important computation too (B, n);
}
fpragma omp taskwait

}

L 5 @

D;D

Software



BDAOMNBT—=H DTV T4 =T 1—

OpenMP* APl /\—2/3>/ 5.0 I, OpenMP* 5 X &
D7 74 ZT14—EVEYR—ELET

void task affinity() {
double* B;
#pragma omp task shared(B) depend(out:B) affinity(A[0:N])
{
B = init B and important computation (A);
}
#pragma omp task firstprivate(B) depend(in:B) affinity (A[0:N])
{
important computation too(B);
}
#fpragma omp taskwait

}

-

ar
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HRUFOYIVIE RROUSY |1 T
:/3\/%1I%0)9197\57|:H[\3E #pragma omp parallel

{
#pragma omp single
{

#pragma omp taskgroup task reduction(+: res)

BE1Z(D task & taskgroup 1Bi&%HLR {

while (node) {
#pragma omp task in reduction(+: res) ¥
firstprivate (node)

{

E*%l: taSklOOp *ﬁﬁ?%i}]ﬂs } res += node->value;

node = node->next;

29
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S A0 DIKFIE

int x = 0, y =0, res = 0;

fpragma omp parallel

#pragma omp single

{
#fpragma omp task depend (out: res) //TO0
res = 0;

fpragma omp task depend(out: x) //T1
long computation (x);

fpragma omp task depend (out: y) //T2
short computation (y);

#pragma omp task depend(in: x) depend (mnberinoasye?{TBes) //T3
res += x;

#pragma omp task depend(in: y) depend (mnbekinoesgel{Tées) //T4
res += y;

#pragma omp task depend(in: res) //T5
std::cout << res << std::endl;

30

S @

0 ———————————————————" 1 Software




=&
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OpenMP* XIRKEDT AL OT«1 T R=AOTOAT S =T -EFI)L
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1277V AV N1 S5 —DYR—HMIR;

BE Intel Compiler 19.0 Update 4 Intel(R) 64 Visual Studio 2017 — O b4

7_‘.JL»'-':R:' 64 x4 >TIL(R) Q++ A4 S5— (4A2FILQR) 64 e T7 TYH5—
=) N—3219.0.4.228 EJ)L < 20190417
(C) 1985-2019 Intel Corporation. EERFTOSIA. GHEZEZELET.

icl: IRVEIAVIT5— T7ALALDBEESNTVEEA, NLTERRT HICE
“icl /help” EAALTLESLY,

$ icl version.c /Qopenmp /nologo
.C

OpenMP version 201611
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Q&A

Q: What's the timeline for Intel® Compiler to support OpenMP 5.07?
A: We will likely see OpenMP 5.0 support in the September 2019 release of the Intel
Compiler.

Q: It would be great if there are discussions on gcc/clang vs Intel compiler support of
OpenMP 5.
A: See https://www.openmp.org/resources/openmp-compilers-tools/

INTD QRA [FTESTTEULVEEIFET:

https://techdecoded.intel.io/webinar-gas-from-openmp-5-0-a-story-about-threads-and-tasks-webinar/



https://www.openmp.org/resources/openmp-compilers-tools/
https://techdecoded.intel.io/webinar-qas-from-openmp-5-0-a-story-about-threads-and-tasks-webinar/

O IREE KD OpenMP* API 114k
https://www.isus.jp/hpc/pu27-01-present-and-future-of-openmp/

O OpenMP* 4 H\5 20 &
https://www.isus.jp/products/c-compilers/pu28-02-happy-20th-bd-openmp/

O OpenMP* 20 B4
https://www.isus.jp/products/c-compilers/pu29-02-openmp is turning 20/

O 7> )L® VTune™ Amplifier + OpenMP* ICED ALY RD/INTA—TFVRAERX
T—SEUF—%H LTS

https://www.isus.jp/products/vtune/better threaded performance and scalability/



https://www.isus.jp/hpc/pu27-01-present-and-future-of-openmp/
https://www.isus.jp/products/c-compilers/pu28-02-happy-20th-bd-openmp/
https://www.isus.jp/products/c-compilers/pu29-02-openmp_is_turning_20/
https://www.isus.jp/products/vtune/better_threaded_performance_and_scalability/
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m OpenMP* 5.0: A Story about Threads and Tasks
m OPENMP*: The Once and Future API

m OpenMP and TBB Task Graphs: Unraveling the Spaghetti with Flow Graph
Analyzer



https://techdecoded.intel.io/essentials/openmp-5-0-a-story-about-threads-and-tasks/
https://techdecoded.intel.io/big-picture/openmp-the-once-and-future-api/
https://techdecoded.intel.io/essentials/openmp-and-tbb-task-graphs-unraveling-the-spaghetti-with-flow-graph-analyzer/
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FrRIZZOMOEICEHFS Intel Corporation FEIFZDFESHOEIETT * ZOMBOMR  HBABGEF, —RICEHORR, BIZEEZIEEFREIETT,

AVFI AV A S—Tla A VFILe 00070y —ICRESNEVREICEAL T HETrovO Oy —BICESZ0RBELET
RIFVWCEDBDET  NUTIF AT IL® ARU—=Z22 SIMD Hiskas P 2,17 ARU—Z=227 SIMD #iskan® 3.1 /T I)L° ARU—=V
27 SIMD #55&a S 3 MM PHREDHEBIENZHELEFT AV TIILF AR TrovO07Otyv T —ICEL T, LWHVRDEEIL DR B, #EE. Felx
MRBHFLEVELEBAABEROYIIO0 Oy —KEOREIE, VTV 10070y —CcOFEREZRIRELTVET A VTIL®
RAOO7—FFOFv—ICRESINEVERBILOBHNCH. A VTV 100708y —RBObONHNET . COEBEIECERLcmPEY
FOFHRICDVWTCIE EE I BREROI—F— U T 7L V- A1 RESBL TS,

SEEEIEOWET #20110804

36

@

D——/—D Software



https://software.intel.com/en-us/articles/optimization-notice#opt-jp
http://www.intel.com/benchmarks
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