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Pthread, Solaris thread *

for(t=1;t<n_thd;t++){ int s; /* global */
r=pthread_create(thd_main,t) PARAMCS :2: Qﬁghg;iézigzm?gg of threads */

3 For(t=1; t<n_thd;t++) i ., i,ss;

- ) =1; _ ; { int c,b,e,i,ss;
thd_main(0); CREATE(thd_main); ¢=1000/n_thd;
for(t=1; t<n_thd;t++) thd_main(0) b=c*id;

pthread joinQ); WAIT_FOR_END(n_thd-1): e=s+c;

— — ss=0;
for(i=b; i<e; 1++) ss += a[i];
pthread_lock();
S += ss;
pthread_unlock();
return s;
}
OpenMP OpenMP
OpenMP
¢ OpenMP
OKl
¢ OpenMP
" ¢ OpenMP
#pragma omp parallel for reduction(+:s) opPaHHMIRemon work sharing
for(i=0; i<1000;i++) s+= a[i]; ° (for) (sections)  single
*
+ data scope
¢ orphan
® static extent  dynamic extent
*
¢ OpenMP

¢ OpenMP
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OpenMP
* *
¢ SGI Cray Origin
. (Fortran/C/C++) directive ® ASCI Blue Mountain System
+ SUN Enterprise
. ISV ¢ PC-based SMP
¢ Oct. 1997 Fortran ver.1.0 API *
¢ Oct. 1998 C/C++ ver.1.0 API
* (1999 F90 API?) -
¢ URL ® SGI Power Fortran/C
+ http://www.openmp.org/ ® SUN Impact
® KAI/KAP
¢ OpenMP
*
OpenMP OpenMP
OpenMP OpenMP API
* *
. directives/pragma
0 0 2
¢ 0 5% 95% ( ) . Fortran77, f90, C, C++
® 5% ® Fortran !$OMP
L 4 ® C: #pragmaomp pragma
¢ small-scale( 16 medium-scale ( 64 *
*
* *

® pthread OS-oriented, general-purpose

*

incremental
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¢ L 3GHz, 10GHz

® 90nm 65nm , 45nm

L] Intel Hyperthreading
® Pentium®

o CPU

AMD’s Next Generation Processor QFM

OpenMP

Technology
: Optimized for 65nm SOI
il e e and beyend 'S
N g "d/,/ | ¢ Fork-join
ative quad core die 2 .
& & parallel region fork] A
biamdbidiaed A *
Xpandable share
L3 cache ‘% \ - Call foo()| [Call foo()| [Call foo()] [Call foo()]
Enhanced Direct #pragma om arallel l l —
ngp,ejti?::d [~ Connect Architecture prag PP Jjoin
— |- and Northbridge i} - C
» 328 instruction fetch » HyperTransport™ links fOO () ] / -B... */
» Improved branch prediction (5.2GT/sec)
» Out-of-order load execution » Enhanced crossbar C D
» Up to 4 DP FLOPS/cycle DDR2 with migrati
» Dual 128-bit SSE dataflow * path to DDR3® #pragma omp parallel
» Dual 128-bit loads per cycle » FBDIMM when
» Bit Manipulation extensions (LZCNT/POPCNT) appropriate
» SSE extensions (EXTRQ/INSERTQ, MOVNTSD/MOVNTSS) » Enhanced power ..D ... E
management and RAS }
.E ..




... parallel region

1$OMP END PARALLEL

... Parallel region...

OpenMP OpenMP
OpenMP OpenMP
¢ ?penMP AP ¢ Fortran
. + $OMP,C$OMP,*$OMP  sentinel
¢ | T$0OMP directive_name [clause, clause, ...] |
® directive_name:
ﬁ ﬁ ® clause:
¢ C/C++
ﬁ ﬁ ¢ #pragma omp pragma
—+ |#pragma omp directive_name [clause, clause, ...] |
*
° #pragma omp parallel
OpenMP OpenMP
Parallel Region Parallel region (contd.)
. (team) * ID
+ Parallel . omp_get_thread_num()
. Parallel region team + ID  Team _
* region team ¢ 1D=0
° + ID
*
. omp_set_num_threads(nthreads)
Fortran: C: i OMP_NUM_THREADS
1$OMP PARALLEL #pragma omp parallel ¢ _ N
{ + parallel region join

® critical, atomic, barrier
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for(i=0;i<1000; i++)
S += A[i]

OpenMP

#pragma omp parallel

{ int c,b,e,i,ss;
c=1000/0omp_get_num_threads();
b=c*omp_get_thread_num();e=s+c;ss=0;
for(i=b; i<e; 1++) ss += a[i];

#pragma omp atomic
S += ss;

}

OpenMP

#pragma omp parallel for reduction(+:s)
for(i=0; 1<1000;i++) s+= a[i];

OpenMP OpenMP
OpenMP OpenMP

* . Pthread, Solaris thread D ARAMCS

. (data-parallel) for(t=1;t<n_thd;t++){
r=pthread_create(thd main,t) | |For(t=1; t<n_thd;t++)

. (task-parallel) CREATE(thd_main);
¢ - tuning thd_main(0); thd_main(0)

* . for(t=1; t<n_thd;t++) WAIT_FOR_END(n_thd-1);
+ SPMD pthread_join(Q);
¢ omp_get_thread_num(Q) ID
¢+ SPLASH?2 PARMACS Macro OpenMP

P backend : ) omp_set_num_th:iais(n_thd);
. OpenMP pragma omp paralle

{
}

® ¢.9. Polaris Compiler thd_main(omp_get_thread_num());




® chunk_size=1:cyclic

¢ schedule(dynamic,chunk_size)
® chunk_size
L] chunk_size=1

¢ schedule(guided,chunk_size)
[ ]
® chunk_size

¢ schedule(runtime)
° OMP_SCHEDULE

. implementation

schedule(static,n)

Schedule(static)

Schedule(dynamic,n)

Schedule(guided,n)

OpenMP OpenMP
Work sharing For
¢ Team & For DO
+ parallel region . for canonical shape
+ for
[ J
° #pragma omp for [clause...]
+ sections for(var=lb; var logical-op ub; incr-expr)
° body
[ J
+ single ¢ var private
° + incr-expr
¢ parallel ® ++var,var++,—-var,var——,var+=incr,var-=incr
® parallel for + logical-op
® parallel sections L4
. break
+ clause
OpenMP OpenMP
. . L 2
& For schedule(kind[,chunk_size])
¢ schedule(static,chunk_size) n Iteration space
® chunk_size round-roubin ||
[ ]
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Sections single
# Section
Matvec(double a[],int row_start,int col_idx[], #pragma omp sections
double x[],double y[],int n) {
{ #pragma omp section
int i,j,start,end; double t; { .. sectionl.. }
#pragma omp parallel for private(j,t,start,end) #pragma omp section
for(i=0; i<n;i++){ { .. section2.. %}
start=row_start[i]; }
end=row_start[i+1];
t = 0.0; *
for(j=start;j<end;j++) #pragma omp single
t += a[j1*x[col_idx[j11; {
ylil=t; . statements ..
¥ 3
}
OpenMP OpenMP
Barrier
¢ Work sharing nowait *
. ) flush
¢ barrier work sharing nowait
# Critical section
¢ critical
& Atomic

* atomic

#pragma omp barrier
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Atomic Critical
* Atomic * Critical section
#pragma omp atomic #pragma omp critical[(name)]
statement {
statements
*
: by
®x binop= expr
OX++,++X, X--, --XX .
* X expr ° critical section
+ Atomic [ critical section
+ conditional wait
o
OpenMP OpenMP
Master ordered Data scope
& master ¢ parallel work sharing

#pragma omp master
block statements

*

*

& ordered

#pragma omp ordered
block statements

+ for dynamic extent
+ for ordered

¢ shared (var_list)

*

& private (var_list)

. private
¢ Tirstprivate (var_list)

* private
¢ lastprivate (var_list)

+ private

¢ reduction (op:var_list)
¢ reduction
. private




OpenMP

Threadprivate

file-scope

#pragma omp threadprivate(var_list)

parallel region

persistent

¢ parallel

copyin(var_list)

OpenMP
Data scope

& Parallel

work sharing

+ private,firstprivate,shared, reduction,copyin

¢ default(shared|none)
) default

¢ for

None

+ private, firstprivate, lastprivate,reduction

& sections

+ private,firstprivate, lastprivate,reduction

# single

¢ private, firstprivate

OpenMP

Orphan directive

& Static extent

* lexical

¢ dynamic extent

*

L 4

¢ orphan directive

* Static extent

+ dynami

dynamic extent
c extent

¢ dynamic extent data scope

¢ auto
.

private
shared

extent

OpenMP

(orphan directive)

main(){

For(it=0; it<NITER; 1++){
resid=cgsol(..)
printf(.,resid);

cgsol(.){

#5ragma omp parallel for
for(i=0;i<cols;i+)
pLil=r[i]=x[i];
For(it=0; It<NITCG; 1++){
matvec(..);

#5ragma omp parallel for
for(1=0; I<cols;1++)
z[1]+=alpha*p[I];

3

main(){

#pragma omp parallel

For(it=0;it<NITER; 1++){
resid=cgsol (..)

#pragma omp master
printf(.,resid);

cgsol (.D){

#5ragma omp for
for(i=0;i<cols;i+)
pli]=rLi]=x[1];
For(it=0; 1t<NITCG; I++){
matvec(..);

#5ragma omp for
for(1=0;I<cols; 1++)
z[1]+=alpha*p[1];

i
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Directive binding

¢ for, sections, singlemaster, barrier
directive dynamic extent bind
+ dynamic extent

¢ work sharing nest
+ master, critical

# nested parallelism

OpenMP
Nested parallelism

¢ Nested parallelism

+ in FAQ “What about nested parallelism?”’
® Nested parallelism is permitted by the OpenMP specification. Supporting
nested parallelism effectively can be difficult, and we expect most vendors
will start out by executing nested parallel constructs on a single thread.
¢ In "OpenMP Fortran Interpretations Version 1.0’

® In Note that an OpenMP-compliant implementation is permitted to
serialize a nested parallel region.

+ parallel directive nest * ) o
+ Nested parallelism enable parallel * Nested '.Oara”el'sm S ef'a"ze
. ® section serialize
+ Disable thread ° serialize
OpenMP OpenMP
OpenMP memory consistency
& OpenMP weak consistency . o‘migr%et_num_threads, omp_set_num_threads
¢ _ & omp_get_thread num
®Parallel region . id

®volatile
° nowait work sharing
®flush

¢ Tlush

#pragma omp Flush[(var_list)]

. consistency

¢ omp_get_max_threads

*

¢ omp_get_num_procs

*
¢ omp_set_dynamic, omp_get_dynamic
*
¢ omp_set_nested, omp_get nested
+ parallel region nest
¢ lock
+ omp_lock_t
+ omp_nest_lock_t




OpenMP

¢ OMP_NUM_THREADS
+ Parallel region
¢ OMP_SCHEDULE
¢ schedule(runtime)
¢ OMP_DYNAMIC

*
¢ SGI origin
¢ OMP_NESTED
+ nested parallelism
* nest parallel region

OpenMP

* o o *

OpenMP

incremental

® Work sharing orphan directive
°

data mapping
® |teration mapping
® |ocality
reduction

® pragma

OpenMP

¢ OpenMP ---

fork-join

* & o o

¢+ OpenMP2.0

L] reduction
¢+ OpenMP3.0
+ Gce
¢ Omni OpenMP
*

(Fortran,C/C++)

incremental

locality
MPI,HPF




