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The StarSs family of task-based programming models

OmpSs syntax and examples
® Inlined tasks

® OQutlined tasks

Infrastructure

Conclusion

Contact: pm-tools@bsc.es
Source code available from http://pm.bsc.es/ompss/
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Eﬂ:iCiency (..., power, ...)
Variability
Memory

Faults

Scale (...,concurrency, strong scaling,...)

Com pl@Xlty (...Hierarchy /Heterogeneity,...)

“To kill flies with

canons”
Spanish saying

1 000000009000000000

S
T Cluster = K Core
x Cluster I %Chip l Core
T Cluster TNo eT Chip I Core

x Cluster dNode Pckg | Chip | Core

J. Labarta, et al, “BSC Vision towards Exascale”
IJHPCA vol 23, n. 4 Nov 2009

“The N
o ae  butterfly effect
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Application

Algorithm

Progr. Model

Run time

Architecture

Is any of them more
Important than the
others?

The sword to cut the “multicore” Gordian Knot
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® Key concept

® Sequential task based program on single address/name space
® Discipline
® Blocked to achieve sufficient granularity - performance

® Directionality annotations

® Executed Parallel

® Automatic run time computation of dependencies

® Targeting productivity

® “single” program = any platform

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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® Task

® Computation unit. Amount of work (granularity) may vary in a wide range (microseconds
to milliseconds or even seconds), may depend on input arguments, ...

® Once started can execute to completion independent of other tasks

® States:

® Instantiated: when task is created by main program. Dependences are computed at
the moment of instantiation. At that point in time a task may or may not be ready for
execution

® Ready: When all its input dependences are satisfied, typically as a result of the
completion of other tasks

® Active/Executing: the task has been scheduled to a processing element. Will take a
finite amount of time to execute.

o

Completed: the task terminates, its state transformations are guaranteed to be globally
visible and frees its output dependences to other tasks.

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( Sarcelona
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void vadd3 (float A[BS], float B[BS],
float C[BS]);

void scale_add (float *sum, float A[BS],
Tloat B[BS]);

void accum (float A[BS], float *sum);

for (1=0; i<N; i+=BS) // C=A+B
vadd3 ( &A[1], &Bli], &CLi]);

%é; (i=0; i<N; i+=BS) // sum(C[i])
accum (&C[Li], &sum);

for (1=0; i1I<N; 1+=BS) // B=sum*A
scale_add (&sum, &E[i1], &B[i]);

for (i=0; i<N; i+=BS) // A=C+D
vadd3 (&C[i], &D[i]1, &A[IiD);

for (i=0; i<N; i+=BS) // E=G+F
vadd3 (&G[i], &F[i]. &E[iD;

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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#pragma omp task input(A, B) output(C)
void vadd3 (float A[BS], float B[BS],
float C[BS]);
#pragma omp task 1nput(*sum, A) 1nout(B)
void scale_add (float *sum, float A[BS],
Tloat B[BS]);

#pragma omp task input(A) 1nout(*sum)
void accum (float A[BS], float *sum);

for (1=0; i<N; i+=BS) // C=A+B
vadd3 ( &A[1], &Bli], &CLi]);

%é; (i=0; i<N; i1+=BS) /77 sum(CLi])
accum (&C[Li], &sum);

for (1=0; i<N; i+=BS) // B=sum*A
scale_add (&sum, &E[i1], &B[i]);

for (i=0; i<N; i+=BS) // A=C+D
vadd3 (&C[i], &D[i]1. &A[i]):

for (i=0; i<N; i+=BS) // E=G+F
vadd3 (&G[i], &F[i]. &E[iD;

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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#pragma omp task input(A, B) output(C)
void vadd3 (float A[BS], float B[BS],
float C[BS]);
#pragma omp task 1nput(*sum, A) 1nout(B)
void scale_add (float *sum, float A[BS],
Tloat B[BS]);

#pragma omp task input(A) 1nout(*sum)
void accum (float A[BS], float *sum);

for (1=0; i<N; i+=BS) // C=A+B

vadd3 ( &A[i], &B[il, &CLil);

for (i=0; i<N; i+=BS)
accum (&C[Li], &sum);

// sum(C[iD

for (1=0; i<N; i+=BS) // B=sum*A
scale_add (&sum, &E[i1], &B[i]);

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

// A=C+D
vadd3 (&C[i], &D[i], &ALi]D);
for (i=0; i<N; i+=BS) // E=G+F

vadd3 (&G[i], &F[i], &E[i]);

Decouple
how we write
form
how it is executed

Execute
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Flat global address space seen by programmer
Flexibility to dynamically traverse dataflow graph
“optimizing”

® Concurrency. Critical path

® Memory access: data transfers performed by run time

Opportunities for runtime to

® Prefetch e
® Reuse q
® Eliminate antidependences (rename) T
([

Replication management

® Coherency/consistency handled by the
runtime

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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Decouple .

how we write Write
form

how it is executed

Execute

void Cholesky( float *A ) {
int 1, jJ, k;
for (k=0; k<NT; k++) {
spotrf (A[K*NT+K]) ;
for (i=k+1; I<NT; i1++)
strsm (A[k*NT+k], A[K*NT+1]);
// update trailing submatrix
for (i=k+1; iI<NT; 1++) {
for (J=k+1; j<i; j++)
sgemm( A[k*NT+1], A[K*NT+j], A[J*NT+i1]);
ssyrk (A[k*NT+i1], A[I*NT+1]);

}

}

#pragma omp task inout ([TS]ITSIA)

void spotrf (float *A);

#pragma omp task input ([TS]ITS]IT) wnout ([TSIITSIE)

void strsm (float *T, float *B);

#pragma omp task input ([TS]LTS]A,ITS]ITS]IB) wnout ([TSIITSIC )
void sgemm (float *A, float *B, float *C);

#pragma omp task input ([TS]ITS]A) inout ([TSIITSIC)

void ssyrk (float *A, float *C);
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void Cholesky( float *A ) {
int 1, j, k;
#pragma omp parallel
#pragma omp single
for (k=0; k<NT; k++) {
#pragma omp task
spotrf (A[K*NT+k]); O
for (i=k+1; I<NT; 1++)
#pragma omp task
strsm (A[K*NT+k], A[K*NT+i]D); @
#pragma omp taskwait
for (i=k+1; I<NT; 1++) {
for (g=k+1; j<i; j++) {
#pragma omp task
sgemm( A[Kk*NT+1], A[K*NT+j], A[J*NT+i]);
by
#pragma omp task
ssyrk (A[K*NT+i], A[iI*NT+i]); @
#pragma omp taskwait

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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—» GridSs

CellSs <
SMPSs ClusterSs
GPUSs
ClusterSs
ClearSpeedSs
COMPSs

@ Cluster

Task based. Asynchrony, data-flow.

Simple linear address space
Malleable

Nicely hybridizes (MPI1/StarSs)
Natural support for heterogeneity

Key concepts:
eSequential program

*Directionality annotations on
tasks arguments

Key objectives:
«Same program any platform

*Productive /Incremental
programming

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 ((
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musl provide directionality vargument

Contiguous, non partially overlapped
Renaming

Several schedulers (priority, locality,...)
No nesting

C/Fortran

MPI/SMPSs optims.

SMPSs regions

C, No Fortran

must provide directionality Yargument
ovelaping &strided

Reshaping strided accesses

Priority and locality aware scheduling

N

Evolving research since 2005

CellSs
SMPSs

GPUSs
ClusterSs
ClearSpeedSs

C, C++, Fortran

OpenMP compatibility (~)

Contiguous and strided args.

Separate dependences/transfers

Inlined/outlined pragmas

Nesting

Heterogeneity: SMP/GPU/Cluster

No renaming,

Several schedulers: “Simple” locality aware sched,...
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OmpSs
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® OmpSs = OpenMP + StarSs extensions:
® Different execution model
® Extended memory model

® Extensions for point-to-point inter-task synchronizations
® data dependencies

® Extensions for heterogeneity

® Other minor extensions

® OmpSs = StarSs relaxations

® Directionality for only some task arguments, incomplete specification,
concurrent clause,...

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( Barcelona
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® Thread-pool model

® OpenMP parallel “ignored”
® All threads created on startup

® One of them starts executing main
® All get work from a task pool

® And can generate new work

Team

Taé

K pool

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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® From the point of view of the programmer a single naming space
exists

® From the point of view of the runtime and target platform, different
possible scenarios

® Pure SMP:
® Single address space
® Distributed/heterogeneous (cluster, gpus, ...):
® Multiple address spaces exist
® Versions of same data may exist in multiple of these

® Data consistency ensured by the implementation

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( Sarcelona
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® Sequential control flow

® Defines a single address space

® Executes sequential code that

® Can spawn/instantiate tasks than will be executed sometime
in the future

® Can stall/wait for tasks

® Tasks annotated with directionality clauses

Input, output, inout

Used to build dependences between tasks and for main to wait
for data to be produced

Can be used for memory management functionalities (replication,
locality, movement,...)

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( Barcelona
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blue already in OpenMP
red extensions based on StarSs

Task implementation for a GPU device
The compiler parses CUDA kernel invocation syntax

Support for multiple implementations of a task

#pragma omp target device ({ smp |cuda}) \
[ implements (function_name )] \

{ copy_deps | [ copy_in (array_spec ,...)] [ copy_out (...)] [ copy_inout (...)] }

Ask the runtime to ensure consistent data is accessible in
the address space of the device

#pragma omp task [ input (...)] [ output (...)] [ inout (...)] [ concurrent (...)]

{code block or function}

To compute dependences To allow concurrent execution of commutative
tasks

#pragma omp taskwait [on (...)] [noflush]

Relax consistency to main program

Master waits for sons or specific data
availability

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 C( Barcelona
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® Pragmas inlined

® Pragma applies to immediately following statement

® The compiler outlines the statement (as in OpenMP)

® Pragmas outlined:

® Attached to function declaration

® All function invocations become a task

® The programmer gives a name, this enables later to provide several implementations

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 C(
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#pragma omp task

e |nstantiates a task and control flow continues

#pragma omp taskwait

e Suspends the current control flow until all children tasks are completed

int main ( )

int X[100];

#pragma omp task @

for (int 1 =0; 1< 100; 1++) X[i]=1;
#pragma omp taskwait e ——

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 C( Barcelona
22 Center

Centra Nacional de Supercomputacion





#pragma omp task

e |nstantiates a task and control flow continues

#pragma omp taskwait

e Suspends the current control flow until all children tasks are completed

void traverse list ( List I )

{

Element e ;
for (e = I-> first; e ; e = e->next ) {
#pragma omp task
process ( e )

}

#pragma omp taskwait
@ ® Ok
@ @ Without taskwait the subroutine will return
immediately after spawning the tasks
allowing the calling function to continue
spawning tasks

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( Barcelona
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® The data accessed by a task may be:

® Shared: the task uses the original variable in the context where it is
instantiated

® Private: the task uses an uninitialized private copy of the data allocated at
task activation time

® Firstprivate: the task uses a private copy of the data initialized to the value of
the variable in the instantiating context at task instantiation time

® OmpSs scoping rules == OpenMP scoping rules

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( Barcelona
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® Variables for which no clause appears on the pragma:

® Arrays declared global are shared by default

® For the rest a capture value at task instantiation time semantic is followed

Scalars and local arrays the value is captured to initialize a private copy of the
task. (Equivalent to the firstprivate clause in OpenMP)

For pointers, the pointer is captured so the task will refer to the original global
object.

int Y[4]={1,2,3,4};

int main( )

{
int X[4]1={5.,6,7,8%};
int v=0;

#pragma omp task
for (int 1=0 ; 1<4; 1++) Y[ ]=X[1]=v++;
#pragma omp taskwait
// value of v here 1s 0O
// value of X[1] here is
// value of Y[1] here is

el ©))
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® Variables for which no clause appears on the pragma:

® Arrays declared global are shared by default
® For the rest a capture value at task instantiation time semantic is followed

® Scalars and local arrays the value is captured to initialize a private copy of the
task. (Equivalent to the firstprivate clause in OpenMP)

® For pointers, the pointer is captured so the task will refer to the original global

object.
int main( )
{
int *X;
int v=0;

= (int *) malloc(100*sizeof(int));
#pragma omp task
for (int i=0 ; i< 4; i++) X[i]=v++;
#pragma omp taskwait

//value of X[1] here is 1

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( Barcelona
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® Data scope (... as in OpenMP)

® \Variables can be explicitly declared as :

® Shared
® Private
® Firstprivate
® Do declare in case of doubt

{

}

int Y[4]={1,2,3,4};
int main()

int X[4]={5,6,7,8%};
int v=0;

#pragma omp task shared (v, X)

for (int i=0 ; i<4; i++) Y[i]=X[i]=v++;

#pragma omp taskwait

// value of v here is 4
// value of X[1] here 1s 1
// value of Y[1] here is 1

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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® Explicit scope declaration

® Firstprivate: a private instance of the data initialized to the value of the original variable at
task instantiation time.

® Private: an uninitialized instance is allocated and used by the task

® In both cases, the private data instance is deleted on task completion.

int X[4]={1,2,3,4}; int main( )
{
int main( ) int X[4]={1,2,3,4};
{ int 1=2;
int i=2; #pragma omp task
#pragma omp task private(i)shared(X)
firstprivate (1) for (i1=0; 1< 100; 1++) X[1]=1;

for ( ; i< 4; i++) X[i]=1;
// value of 1 here i1s 2

// value of 1 here i1s 2 // value of X[O] here i1s O
// value of X[O] here is 1 // value of X[3] here is 3
// value of X[3] here i1s 3 }

}

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( Barcelona
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® Clauses that express data direction:

Input, output, inout

These clauses imply shared scope for the variable referenced in them

The argument is an Ivalue expression referring to the object that will be used to compute

dependences

Uses of the Ivalue expression in the task body reference the global object, whose value is
guaranteed to have been produced by the “latest” task to reference it.

Flow, anti, output

Dependences computed at runtime taking into account these clauses

#pragma omp task output( X )
X = 5;

#pragma omp task input( X )
printf(""%d\n" , x ) ;
#pragma omp task inout( X )
X++;

#pragma omp task input( x )
printf ("%d\n" , x ) ;

//1
//2
//3
/74

antidependence

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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#pragma taskwait on ( expression )
® Expressions allowed are the same as for the directionality clauses
® Blocks the encountering control flow until the data is available

double A[N][N], BINJI[N]1. CINIIN], DENJ[N], E[NJIN]1., FINILN], GINII[N1., HIN]IN];

main() {
#pragma omp task input(A, B) 1nout(C)
dgemm(A,B,C); //1
#pragma omp task input(D, E) inout(F)
dgemm(D,E,F); //2
#pragma omp task 1nput(C, F) 1nout(G)
dgemm(C,F,G); //3
#pragma omp task input(A, D) inout(H)
dgemm(A,D,H); //4
#pragma omp task 1nput(C, H) 1nout(l)
dgemm(C,H, 1); //5

#pragma omp taskwait on (F)
prinft (“result F = %f\n”, F[O][O]);

#pragma omp task input(C, H) 1nout(l)
dgemm(H,G,C); //6

#pragma omp taskwait
prinft (“result C = %fA\n”, C[O][O]D);

3U





® Indicating as input/output/inout subregions of a larger structure:

input (A[i])

- the input argument is element i of A

® Indicating an array section:
input ([BS]A)
—> the input argument is a block of size BS from address A
input (A[i;BS])
- the input argument is a block of size BS from address &A[]
-> the lower bound can be omitted (default is 0)

—> the upper bound can be omitted if size is known (default is N-1, being N the size)
input (A[i:j])

—> the input argument is a block from element A[i] to element AJj] (included)

- A[i:i+BS-1] equivalent to A[i; BS]

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( Barcelona
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int a[N];
#pragma omp task input(a)

int a[N]; =
#pragma omp task input(a[O:N-1])
//whole array used to compute dependences

int a[N]; —
#pragma omp task 1nput(aJO;N])
//whole array used to compute dependences

int a[N];
#pragma omp task input(af0:3])
//Tirst 4 elements of the array used to compute dependences

int a[N];
#pragma omp task input(a[2:3])
//elements 2 and 3 of the array used to compute dependences

int a[N];
#pragma omp task input(al2;2])
//elements 2 and 3 of the array used to compute dependences

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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int a[N][M];
#pragma omp task input(afO:N-1][0:M-1])
//whole matrix used to compute dependences

int a[N][M];
#pragma omp task input(afO;N][O0;M]D)
//whole matrix used to compute dependences

int a[N][M];
#pragma omp task 1nput(a[2:3][3:4])
// 2 x 2 subblock of a at a[2][3]

int a[N][M];
#pragma omp task 1nput(al2;2][3:2])
// 2 x 2 subblock of a at a[2][3]

int a[N][M];
#pragma omp task input(a[2:3][0:M-1])
//rows 2 and 3

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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vec

results

for (int j; j<N; j+=BS){

actual _size = (N- j> BS ? BS: N-j);

#pragma omp task i1nput kvec[j;actual_sizejb inout(results) firtprivate(actual _size,j})

for (int count = 0; count < actua1=§lzgi~fggif_tiz__¥
results += vec [j+tcount] ;

dynamic size of argument

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 C( Barcelona
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void matmul (double *A, double *B, double *C,
unsigned long NB)

for (i = 0; 1 < NB; 1++)
for ( = 0; j < NB; j++)
for (k = 0; k < NB; k++)

CLi1[§];+=A[i*NB+k]*B[k*NB+j]:

DIM

—

NB

NB

{

unsigned 1, jJ, Kk;

for (1 = 0; 1 < DIM; 1++)
for (j = 0; j < DIM; j++4)
for (k = 0; k < DIM; k++) {

matmul (A[i1[k]1. BLIKI1Li1. CLil1Llil. NB);
}

void compute(unsigned long NB, unsigned long DIM,
double *A[DIM][DIM], double *B[DIM][DIM], double *C[DIM][DIM])

#pragma omp task 1nput([NB][NB]JAL1]IK]., [NB]JINBIBI[K]1[11) inout(NB]JINBIC[i1[1D)

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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® Nesting

® Tasks can generate tasks themselves

® Hierarchical task dependences
® Dependences only checked between siblings
® Several task graphs (Hierarchy)

® Effectively parallelizes task creation and dependence handling

® Different level tasks share the same resources
® When ready, queued in the same queues

® Currently, no priority differences between tasks and its children

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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int Y[4]={1,2,3,4}

int main( )

{

int X[4]={5.,6,7,8};

for (int i=0; i<2; i++) {
#pragma omp task output(Y[i1]) firstprivate(i,hX)

for (int j=0 ; j<3; j++) {
#pragma omp task inout(X[j])
XL1=FCX01. §); - _
#pragma omp task mnput (X[j]) 1nout (Y[I1])
. YLl +=g(XLD;
#pragma omp taskwait
; +
#pragma omp task 1nout(Y[O;2])
for (int 1=0; i<2; i++) Y[i] += h(Y[1]D);

#pragma omp task 1nout (v) 1nout(Y[3])
for (int 1=1; 1I<N; i1++) Y[3]=h(Y[3]):

#pragma omp taskwait

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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® Nesting supports

® Top down hierarchical parallelization

® Every level contributes its potential parallelism

® Modularity

® Encapsulation
® Effectively parallelizes task creation and dependence handling

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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® Directionality not required for all arguments

® May even be used with variables not accesed in that way or even used

® used to force dependences under complex structures (graphs, ...)

void compute(unsigned long NB, unsigned long DIM,
double *A[DIM][DIM], double *B[DIM][DIM], double *C[DIM][DIM])
{

unsigned i, j, k;

for (i = 0; 1 < DIM; i++)
for (J = 0; j < DIM; j++)
for (k = 0; k < DIM; k++) {
#pragma omp task input(A[i][k], BIKIL[3]) inout(CLi]l3D
matmul CALi1[k], BLIKI[31, CLilLil, NB);
¥

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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Directionality not required for all arguments
® May even be used with variables not used

main () {

used to force dependences under complex structures (graphs, ... )

int sentinel;

#pragma omp task output (sentinel)
foo (...);

#pragma omp task 1nput (sentinel)
bar (...)

Sentinel
®Mechanism to handle complex dependences

® when difficult to specify proper input/output
clauses

®To be avoided if possible

® the use of an element or group of elements as

sentinels to represent a larger data-structure
is valid

® however might made code non-portable to
heterogeneous platforms if copyin/out clauses
cannot properly specify the address space
that should be accessible in the devices

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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#pragma omp task concurrent (var)

® Relaxed inout directionality clause

® Enables the scheduler to change the order (or even execute concurrently) the
tasks within the inout chains built by the concurrent clause.

® Dependendences resulting from the regular input, output and inout clauses
towards and from the concurrent chain are honoured for all tasks in the
concurrent chain.

® The programmer assumes responsibility to handle potential races within
concurrent chain using if needed OpenMP pragmas

#pragma omp atomic

#pragma omp critical

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( Sarcelona
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= atomic access to total

double vec[N];
double result;

for (int j; jJ<N; jJ+=BS){
atual_size = (N- j> BS ? BS: N-j);

#pragma omp task input (vec[]j;actual _size]) concurrent(result) \
firtprivate(actual_size,j)
{ double local _result=0.0;
for (int count = 0; count < actual_size; count ++)
local _result += vec [J+t] ;
#pragma omp atomic
result += local result;

}

by
#pragma omp task input (result)

printf (“TOTAL is %d\n”’, result);
¥

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( Sarcelona
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® Possible to specify that the code provided for a task is specific to a
device (i.e. CUDA) and has to be run on the appropriate type of device

(i.e. GPU)

® The device can have its own private physical address space

® OmpSs copy clauses used to specify data accessed by the task
whose consistency has to be maintained by the runtime

—> Section 3 in agenda

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( aa;«;n; wting
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® Pragmas inlined

® Pragma applies to immediately following statement

® The compiler outlines the statement (as in OpenMP)

® Pragmas outlined:

® Attached to function declaration

® All function invocations become a task

® The programmer gives a name, this enables later to provide several implementations

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 C( Barcelona
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® Task pragma attached to function definition

® All function invocations become a task

® The programmer gives a name, this enables later to provide several implementations

#pragma omp task
void foo (int Y[size], iInt size) {

}
int Y[4]={1,2,3,4};

for (int j=0; j<size; j++) Y[il= j;

int main()

{
int X[100];
foo (X, 100) ;
#pragma omp taskwait
>

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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® The semantic is capture value at task
instantiation time (function invocation)

® For scalars, the value is captured.

Equivalent to firstprivate

® For pointers, the value of the

pointer is captured

® For arrays, the address is captured

void

{
}

#pragma omp task

foo (int Y[size], int size, Int a)

for (int j=0; j<size; j++) Y[j]= a++;

int Y[6]={1,2,3,4,5,6};

int main()

1
Int v=0;

int X[4]={5,6,7,8};

int *Z;

Z=(int *)malloc(4*sizeof(int));

foo (X, 4, v) ;

foo (Y, 2, v+2);

foo (&Y[3], 3, vt++);
foo (Z,4,Vv);

#pragma omp taskwait

// value
// value
// value
// value
// value

of v here 1s 1

of X[1] here
of Y[4] here
of Y[3] here
of Z[1] here

IS
1S
1S
1S

NP WPRF

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012

46

@

Barcelona
Supen:om uting
c

ntro Nacional de Supercomputacion





® Clauses that express data direction:

® Input, output, inout

® The argument is an Ivalue expression based on data visible at the point of declaration

(global variables and arguments)

® The object pointed by the Ivalue expression will be used to compute dependences.

#pragma omp task output(*px)
void set (int *px, int v) {*px = v;}

#pragma omp task 1nout(*px)
void incr (int *px) {*px++;}

#pragma omp task Input(*px)
void do_print (int *px) {

printf(C’from do_print %d\n" , *px );
s

antidependence
set(&x,5); //1
do _print(&x); //2
incr(&x); //3

do_print(&x); //4
#pragma omp taskwailt

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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non-taskified:
executed
sequentially

#pragma omp task input (*px)
void do print (int *px) {

printf(C’from do_print %d\n'" , *px ) ;
+

int main()

{

int x;

#pragma omp task output( x )
X = 5; //1
#pragma omp task mnput( x )
printf(C’from main %d\n" , x ); //2

do _print(&x); //3
#pragma omp task mnout( x )
Y //4

#pragma omp task input( X )
printf C’from main %d\n" , x ); //5

}

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012

48

@

Barcelona
Supercomputing

Center

Centro Nacional de Supercomputacion





#pragma omp task input (px)
void do_print (int *px) {

printf(C’from do_print %d\n"

}

*pxX ) ;

#pragma omp task input (x) // compiler warning, input clause discarded

O

Output:
(4) from print_do 3

void print_do (int x) { // value captured at iInstantiation time
printf(C’from print_do %d\n" , x ) ;
}
1
int main()
{
int x;
\\ / ,/
o

#pragma omp task output( x )
X = 5;

#pragma omp task input( X )
printfC’from main %d\n" , x )
do _print(&x);

print_do(x);

#pragma omp task inout( X )
X++;

#pragma omp task input( x )

printf C’from main %d\n" , x );//6

}

//1

://2

//3
/74

//5

(2) from main 5
(3) from do_print 5
(6) from main 6

49
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#pragma taskwait on ( expression )

® Expressions allowed are the same as for the dependency clauses

® Blocks the encountering task until the data is available

#pragma omp task 1nput([N]IN]JA, [N]IN]IB) inout([N][N]C)
void dgemm(float *A, float *B, float *C);

main() {

(
dgemm(A,B,C); //1
dgemm(D,E,F); //2
dgemm(C,F,G); //3
dgemm(A,D,H); //4
dgemm(C,H,1); //5

#pragma omp taskwait on (F)
prinft (“result F = %f\n”, F[O][O0]);

dgemm(H,G,C); //6

#pragma omp taskwait
prinft (“result C = %fA\n”, C[O][O]);
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vec

results

#pragma omp task input ([n]vec) inout (*results)
void sum_task ( int *vec , Iint n , Int *results);

void main(){

int actual _size; .
for (int j: j<N: j+=BS){ dynamic size of argument

actual _size = (N- j> BS ? BS: N-});
sum_task (&vec[]j], actual_size, &total);

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 C( Barcelona
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DIM

—

NB

#pragma omp task input([NB][NBJA, [NB]INB]B) inout([NB][NB]C)
void matmul (double *A, double *B, double *C,
unsigned long NB)

{
int 1, jJ, Kk;
for (i = 0; 1 < NB; 1++)
for (J = 0; j < NB; j++)
for (k = 0; k < NB; k++)
CLillg]1 +t=A[i*NB+k]*B[k*NB+j];
¥

NB

void compute(unsigned long NB, unsigned long DIM,
double *A[DIM][DIM], double *B[DIM][DIM], double *C[DIM][DIM])
{

unsigned i1, J, K;

for (1 = 0; 1 < DIM; i++)
for (J = 0; jJ < DIM; j++)
for (k = 0; k < DIM; k++)
matmul (ALi1[K]. BLKID1. CLillg1. NB);

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
52

@

Barcelona
Supercomputing
c nter

ntro Nacional de Supercomputacion






N = total size of matrix

DIM = number of blocks

VVVY VWV [VVVY

S
NB = block size N S
S

VVVY VWV [VVVY

#pragma omp task input([NB][NBJA, [NB]INB]B) inout([NB][NB]C)
void matmul (double *A, double *B, double *C, unsigned long NB)

. .
int i, j, k;

for (i = 0; i < NB; i++)
for g = 0; j < NB; j++)
for (k = 0; k < NB; k++)
CL[i*NB+j] +=A[i*NB+k]*B[k*NB+j];

void compute(unsigned long NB, unsigned long DIM, double *A, double *B, double *C)
{

unsigned i1, J, K;

for (i = 0; 1 < N; 1+=NB)
for = 0; J < N; j+=NB)
for (k = 0; k < N; k+=NB)
matmul (&A[1*N+k*NB], &B[k*N+j*NB],&C[i*N+j*NB], NB);

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 (( Barcelona
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#pragma omp task input([BS][BS]A, [BS]IBS] B) inout([BS][BS]C)
void block dgemm(float *A, float *B, float *C);

#pragma omp task input([N]JA, [N]B) output([N]C)

void dgemm(float (*A)[N], float (*B)[N], float (CC)[N]){
int 1, jJ, k;

int NB= N/BS;

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

for (J=0; j< N; j+=BS)
for (k=0; k< N; k+=BS)
block _dgem(&A[1][k*BS], &B[k][3*BS]., &CL[i]1L3*BS]);
#pragma omp taskwait

b
main() {
(

dgemm(A,B,C);
dgemm(D,E,F);
dgemm(C,F,G);
#pragma omp taskwait

}

PATC Parallel Programming Workshop, Barcelona, November
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® Directionality not required for all arguments

® May even be used with variables not accesed in that way or even used

® used to force dependences under complex structures (graphs, ...)

unsigned long NB)

{
int i1, j, k;

for (i = 0; 1 < NB; 1++)
for G = 0; j < NB; j++)
for (k = 0; k < NB; k++)
CLill] +t=A[i1*NB+k]*B[k*NB+j];

#pragma omp task input([*A, *B) inout([*C)
void matmul (double *A, double *B, double *E?\\\\\\\

IR
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#pragma omp task output (*sentinel)

void foo ( --... , iInt *sentinel){
}

#pragma omp task 1nput (*sentinel)
void bar ( -... , Int *sentinel){
¥

main ) {

int sentinel;

foo (..., &sentinel);
bar (..., &sentinel)

® Mechanism to handle complex dependences
® when difficult to specify proper input/output clauses
® To be avoided if possible

® the use of an element or group of elements as
sentinels to represent a larger data-structure is valid

® however might made code non-portable to
heterogeneous platforms if copy_in/out clauses
cannot properly specify the address space that
should be accessible in the devices
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vec

= atomic access to total

PATC F

#pragha omp task input ([n]vec ) concurrent (*results)

vord sum_task (int *vec , Int n , Iint “*results)
int 1 ;
int local _sum=0;

for (1 =0; 1 <
local_sum += vec

++)

1 35
-
e w s

#pragma omp atomic
*results += local_sum;

}

void main(){

for (int j=0; j<N; j+=BS) sum task (&vec[j]. BS, &total);

#pragma omp task input (total)
printf (“TOTAL 1s %d\n”, total);
}

5/
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Infrastructure
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® Recognizes constructs and transforms them to calls to the runtime
® Manages code restructuring for different target devices \\

® Device-specific handlers R —

® May generate code in a
separate file

® Invokes different back-end
compilers
- nvcc for NVIDIA

Muiltifile

l ¢

Device native Device native
compiler compiler

Final executable
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Support to different programming models: OpenMP (OmpSs), StarSs, Chapel

Independent components for thread, task, dependence management, task scheduling, ...

Most of the runtime independent of the target architecture: SMP, GPU, tasksim simulator, cluster

Support to heterogeneous targets

® - i.e., threads running tasks in regular cores and in GPUs

Instrumentation

® S Generation of execution traces

Paraver

SimTrace

trace

T

Application
StarSs, OmpSs, .

;

Thread |, Task o Dependence Task
Management Management Management | |Scheduling
y
c rE)ata
oherence .
& Scheduling
Movement Policies
A 4 * A\ 4
SMP GPU Cluster tasksim
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Performance tools: Paraver

® Very detailed statistics and analysis of time behavior

THREAD 1.1.1

THEERD 1.1.2

THREAD 1.1.3

THREARD 1.1.4

THREAD 1.1.5

THREAD 1.1.6

THREAD 1.1.7

THREAD 1.1.8

What / Where | Timing | Colors

Task @ jacobi_golub-OmpSs_8.prv l = i:h]

Il Cutiine from “jacobi_golub.OmpSs.c: 160" in 'main’

Qutline from jacobi_golub.OmpSs.c: 193 in 'main’

Probe hooks provided by compiler and runtime

Integrated into the general Extrae MPI instrumentation environment

Task @ newnosteal 001.prv

74.111.275 =g

¥ ' 3DH - Duration - Task @ newnoste... L@Iﬁ

Il outline from ‘jacobi_golub.OmpSs.c:213' in 'main’ B ' Task and dependencies @ newnosteal_001.prv

IE 1B 3B | [CL)i (W] H]s¢ m

Thread-SME-40

£2_.000.818 —m

£2.148.575 um
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® Probe hooks provided by compiler and runtime

Inject scalasca probes

® Specific task oriented statistics

4 ] Absolute +| | Absolute = I
| System tree t |
- [ 0.00 advance_b_halo_
- [ 0.00 advance_b_vel_ O-jittean
- [ 0.00 advance_e_halo_ [ - Process 0
— [ 0.00 advance_e_vol_ I [J 0.00 Thread 0
[ 0.10 Overhead - [ 0.00 conserve_egy_ [ 0.00 Thread 1
W 3.30e7 Visits +~ [] 0.00 create_node_ - [ 0.00 Thread 2
@ 3584 Synchronizations - [ 0.00 init_3vec_ - [J 0.00 Thread 3
[l 2.38e4 Communications +~ [ 0.00 init_3vec_2_ - [@ 14.02 Comm Thread
@ 5.39e9 Bytes transferred — [ 0.00 local_dax [ - Process 1
5 [l 1.65e5 StarSs task statistics - [ 0.00 local_fex_ - [ 0.00 Thread 0
S IBFE pi S =[] 0.00 Thread 1
+F - (] 0.00 Thread 2
I [0 0.00 Thread 3
L & 12.46 Comm Thread
B[ -jji11c29
O - Process 2
[ 0.00 Thread 0
&+ [J 0.00 open_boundary_z2_ [ 0.00 Thread 1
[ 0.00 push_particle_2d_ [ 0.00 Thread 2
[J 0.00 reduce_ [ 0.00 Thread 3
= L [ 4.26 Comm Thread v
| s . | | G
Io;oo 212.60 (6.14%) 3462.66| (0.00 138.84 (198.05%) 70.10 |0.00 138.84
Selected "mpi_fez_"
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Valgrind based instrumentation

» Track task entry and exit
* Track mallocs

g
 Track ALL memory accesses - dependences =
» Estimate time = f(#instructions) :

CcC
xecution tracer | Executed
trace
—p
expander
StarSs trace
Incomplete/suggested taskification

 Compiler directives

* Runtime calls (even on not well structured code)

Imemas

simulator

Original
execution

—=

Potential
StarSs

execution

“Quantifying the potential task-based dataflow parallelism in MPI applications”. V. Subotic et all. Europar 2011
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taskification
* ; .
TiTiTiTfTfrirfrfTfr HP Linpack:
. 0{1}(2{3|4{5{6|7|81]9 4 MPI processes;
void update....) { Problem size: 8192;
HPL_dtrsm(...); () (N ) ' ’
HPL_dgemm(...); ™ o Block size: 256,128, 64, 32.
} The parallelism is released in transition T3 -> T4
main() { when function _update is separated from
the rest of the inner loop
PP "] parallelism normalized to TO
for(j="0;j<N;j+=BSY)
I vl ' ' ! ! [ —
L R T E B
panel_nit( ... ); Z T3
if (cond0) 3 3| 1
fact( ... ); 2 T6 C—
init_for_pivoting( ... ); -3 T7 C—
i . T8 3
for(i = k; i < P; i+= BS) { = J_; T9 /—
g 22f —
if(condl) Q_—E
~-HPL. dlac\A'pOL’\.(... ) ==
HPJ.--eprea AN ) 8 -
Hre D'JIUG.UI\I\ } Q_ D 13 | _
if(cond2) R
dlaewnOAN(. ): .E
rn I__UIM\JV\I UUI‘I\ e l, —cl
L, A2\ 7 F -
Ir(conas) 20
HPL dlacpy(:..); R=
HPL_dlaswpOON( ...); BS-32 BS-64 BS-128 BS-256
update(...);
s
}
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® Leverage probe hooks provided by compiler and runtime
TEMANEJ

® Task based debugging:

® Display graph

® Control execution environment (#threads,...)

® Breakpoints at tasks

kv A P o ik

® Interface to instruction level debugger (gdb)

lask event: AYU_PRERUNTASK for Laskid 2 1090 nodes, 2604 edges, 1991 addresses, 2052 ariginal addresses

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 C( :*',,";",’,.,",: wting
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Conclusion
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Can exploit very unstructured
parallelism

» Not just loop/data parallelism

» Easy to change structure

Supports large amounts of lookahead
» Not stalling for dependence satisfaction

Allow for locality optimizations to
tolerate latency
» Overlap data transfers, prefetch

» Reuse
Nicely hybridizes into MPI/StarSs

» Propagates to large scale the node level
dataflow characteristics

» Overlap communication and computation

» A chance against Amdahl’s law

» Support for heterogeneity
» Any # and combination of CPUs, GPUs

» Including autotuning

» Malleability: Decouple program from
resources

» Allowing dynamic resource allocation and
load balance

» Tolerate noise

Data-flow; Asynchrony

Potential is there;
Can blame runtime

Compatible with proprietary
low level technologies

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 C( Barcelona
67 gsntm !\;donaﬂ de Supercomputacicr

entei





		Slide Number 1

		Slide Number 2

		Slide Number 3

		Slide Number 4

		Slide Number 5

		Slide Number 6

		Slide Number 7

		Slide Number 8

		Slide Number 9

		Slide Number 10

		Slide Number 11

		Slide Number 12

		Slide Number 13

		Slide Number 14

		Slide Number 15

		Slide Number 16

		Slide Number 17

		Slide Number 18

		Slide Number 19

		Slide Number 20

		Slide Number 21

		Slide Number 22

		Slide Number 23

		Slide Number 24

		Slide Number 25

		Slide Number 26

		Slide Number 27

		Slide Number 28

		Slide Number 29

		Slide Number 30

		Slide Number 31

		Slide Number 32

		Slide Number 33

		Slide Number 34

		Slide Number 35

		Slide Number 36

		Slide Number 37

		Slide Number 38

		Slide Number 39

		Slide Number 40

		Slide Number 41

		Slide Number 42

		Slide Number 43

		Slide Number 44

		Slide Number 45

		Slide Number 46

		Slide Number 47

		Slide Number 48

		Slide Number 49

		Slide Number 50

		Slide Number 51

		Slide Number 52

		Slide Number 53

		Slide Number 54

		Slide Number 55

		Slide Number 56

		Slide Number 57

		Slide Number 58

		Slide Number 59

		Slide Number 60

		Slide Number 61

		Slide Number 62

		Slide Number 63

		Slide Number 64

		Slide Number 65

		Slide Number 66

		Slide Number 67




Barcelona
Supercomputing
Center

Programming with OmpSs

Overlapping computation with
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Motivation for a hybrid model
Advantages of MPI/OmpSs
Overlapping communication with computation

Examples

o Contact: pm-tools@bsc.es
» Source code available from http://pm.bsc.es/ompss/

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 @
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® Why?

MPI is here to stay.

A lot of HPC applications already written in MPI.

MPI scales well to tens/hundreds of thousands of nodes.

MPI exploits intra-node parallelism while StarSs can exploit node parallelism.

Overlap of communication and computation through the inclusion of communication in the
task graph

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 @
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® Communication can be taskified or not.

® |f not taskified:

® main program has to stall till data to be sent and the reception buffers are
available.

® still communication performed by main thread can overlap with previously
generated tasks if they do not refer to communicated variables

® |f taskified:

® it can be instantiated and program can proceed generating work.

® Tasks calling MPI will execute out of order with respect to any other task
just honoring local dependences within the process

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 @ Barcelona
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® Communication Task:

® Single MPI communication

® Burst of MPI communications (+some small but potentially critical
computation between them)

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 @ garcelona
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Issues to consider
® Possibly several concurrent MPI calls = thread safe MPI

® Might not be available or really concurrent in some installations

® Reordering of MPI calls + blocking calls + limited number of cores >
potential to introduce deadlock

® > need to control order of communication tasks

® MPI task waste cores (busy waiting if communication partner delays
or long transfer times)

® Less problem as more and more cores per node become available

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 @ Barcelona
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Approaches to handle

® Algorithmic structure may not expose loop and thus be deadlock safe

® Enforce in order execution of communicating tasks

® In the source code, possibly using a single sentinel specified as inout for all
communication tasks

Specialized logical device
® #target device (COMM_THREAD)

® Modification in kernel scheduler to execute tasks allcoated to it in instantiation
order

® Serialization of communication can have an impact on performance

® Virtualize communication resource. Allow infinite communication tasks

® Integrated implementation of MPI interface in the OmpSs runtime

Implement blocking MPI calls by issuing nonblocking MPI calls blocking the task in
NANOS and reactivate then when communication completes

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 @ Barcelona
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® Potential benefits

® Gains deriving form overlap

® Performance, Tolerance to noise, tolerance to low bandwidth
® | oad balance

® Automatic within a node
® Fighting Amdahl’'s Law

® A hope for hybrid programming, a chance for lazzy programmers

® Programmability simple alternative to nonblocking calls (point to point,
collectives)

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 @ Barcelona
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® Overlap communication/computation

® Extend asynchronous data-flow execution to outer
level

® Linpack example: Automatic lookahead

¥or (k=0; k<N; k++) {
if (nine) {
Factor_panel (A[K]);

} else {

receive (A[KD):

iT (necessary) resend (A[Kk]D);
}
for (g=k+1; j<N; j++)

update (A[Kk]., ALID;

send (ALKD) -

#pragma omp task Inout([SIZE] A)
void Factor_panel(float *A);
#pragma omp task input([SIZE]JA) inout([SIZE]B)
void update(float *A, float *B);

| V. Marjanovic, et al, “Overlapping Communication and Computation by using a Hybrid MPI/SMPSs Approach” ICS 2010

—g—— ——r—re ===~

#pragma omp task input([SIZE]A)

void send(float *A);

#pragma omp task output([SI1ZE]A)
void receive(float *A);

#pragma omp task Input([SIZE]A)

void resend(float *A);
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Hybrid MPI/OmpSs

[Fi functions @ Linpack_SMPSS_2ringM_1x16_16k.prv.gz = E3R

® Overlap communication/computation

® Extend asynchronous data-flow execution to outer
level

® Linpack example: Automatic lookahead

for (k=0; k<N; k++) {

1T (mine) {
Factor_panel (A[K]); :
Send (A[k]) rﬁ functions @ Linpack_SMPSS_ZringM_1x4_16k.prv.gz — |8 x )
Y else { . e llIII |
receive (ALK]D); :j:ft ' ' I'l LI
iT (necessary) resend (A[K]); m;ni; h " Lw
} GITET2ES 1Z91T0130449 ns 1385

for (J=k+1; j<N; j++)
update (A[K], ALID:

#pragma omp task 1nput([SI1ZE]A)

void send(float *A);

#pragma omp task Inout([SIZE]JA) #pragma omp task output([SIZE]A)
void Factor_panel(float *A); void receive(float *A):

#pragma omp task 1nput([SI1ZE]JA) i1nout([SI1ZE]B) #pragma omp task input([SIZE]JA)

void update(float *A, float *B); void resend(float *A);

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 Barcelona
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 Performance

Higher at smaller problem sizes
Improved Load balance (less processes)
Higher IPC

Overlap communication/computation

Gflop/s

128 processors
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for( 1

{

}

O; 1 < processes; i++ )

stag i +1; rtag = stag;
indx (me + nodes - i )%processes;
shift = ((offset[indx][0]/BS)*nDIM*BS*BS) ;
size = vsize*l;
if(i%2 == 0) {
mxm ( lda, sizes[indx][0], lda, hsize, a, b, (c+shift) );

MP1_Sendrecv (a, size, MPlI_DOUBLE, down, stag, rbuf, size, MPI_DOUBLE, up, rtag, comm, &stats );

3} else {
mxm (lda, sizes[indx][0], lda, hsize, rbuf, b, (ctshift) );

}

MP1_Sendrecv (rbuf, size, MPlI_DOUBLE, down, stag, a, size, MPI_DOUBLE, up, rtag, comm, &stats );

C A

rbuf

void mxm ( int lda, int m, int I, int n, double *a, double *b,

{

double *c )
double alpha=1.0, beta=1.0;
int i, j;
char tr = "t°;

dgemm(&tr, &tr, &m, &n, &l, &alpha, a, &lda, b, &m, &beta, c, &m);

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
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mxm: Original MPI code

for( i

{

}

stag
indx

shift =

size =
if(i%2

O; 1 < processes; i++ )

i + 1; rtag = stag;

(me + nodes - i )%processes;
((offset[indx][0]/BS)*nDIM*BS*BS) ;

vsize*l;

= 0) {

mxm ( lda, sizes[indx][0], lda, hsize, a, b, (ctshift) );
MP1_Sendrecv (a, size, MPI_DOUBLE, down, stag, rbuf, size, MPI_DOUBLE, up, rtag, comm, &stats );

} else

{

mxm (lda, sizes[indx][0], lda, hsize, rbuf, b, (ctshift) );

MP1_Sendrecv (rbuf, size, MPI_DOUBLE, down, stag, a, size, MPlI_DOUBLE, up, rtag, comm, &stats );

}

A B

[ Ei Task id @ mod2am.trace.prv

-
THREAD 1,5,

105441,95 us 155044 B4 us=s

rbuf

void mxm ( int Ilda, int m, int I, int n, double *a, double *b,

{

double *c )

double alpha=1.0, beta=1.0;

int i, j;

char tr = “t*;

dgemm(&tr, &tr, &m, &n, &l, &alpha, a, &lda, b, &m, &beta, c, &m);

210647 .10 u=

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012
13

(=]

Barcelona
Supercompuling
Center





MPI+StarSs example — Matrix multiply

® Typical hybrid paralelization:
o

[Ei Task id @ mod2am.trace.prv

Parallelize computation phase.

Serialize communication part.

® How to overlap of communication and computation?

® Using double buffering and

® Asynchronous MPI calls
® Easier with StarSs...

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 Barcelona
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Mod2am: Overlap communication and computation with StarSs

for( 1 = 0; 1 < processes; i++ )
{
stag = i + 1; rtag = stag;
indx = (me + nodes - i )%processes;

shift = ((offset[indx][0]/BS)*nDIM*BS*BS) ;

size = vsize*l;

if(i%2 == 0) {
mxm( lda, sizes[indx][0], lda, hsize, a, b, (ctshift) );
callSendRecv (a, size, down, stag, rbuf, up, rtag);

} else {
mxm (lda, sizes[indx][0], lda, hsize, rbuf, b, (ctshift) );
callSendRecv (rbuf, size, down, stag, a, up, rtag);

}

Fi Task id @ mod2am.trace.prv

}

)

#pragma omp task input ([size]a) output ([size]rbuf)
void callSendRecv (double *a, int size, int down, int stag, double *rbuf, int up, int rtag)

{
MPI_Status stats;

MP1_Sendrecv( a, size, MPI_DOUBLE, down, stag, rbuf, size, MPI_DOUBLE, up, rtag, MPI_COMM_WORLD, &stats );

}
G A
#pragma omp task input([m*1]a, [I*n]b)
void mxm ( int Ida, int m, int I, int n, double *a, double *b, b
double *c ) -

{ — X

double alpha=1.0, beta=1.0; Rt T

int i, j;

char tr = "t"; |rbuf

dgemm(&tr, &tr, &m, &n, &l, &alpha, a, &lda, b, &m, &beta, c, &m);

Supercompuling
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mxm: Overlap communication and computation with Staiis

orig_rbuf = rbuf = (double (*)[m]Dmalloc(m*n*sizeof(double));
if (nodes >1) {

up = me<nodes-1 ? me+1:0;
down = me>0 ? me-1:nodes-1;
} else {

up = down = MPI_PROC_NULL;

i Task id @ mod2am.trace.prv

-

for( it = 0; it < nodes; it++ ) {

#pragma omp task input (a[O:n-1], B[O:m-1])\
inout (C[i:1+n-1][0:n-1]) firstprivate (n,m)
cblas_dgemm(CblasRowMajor, CblasNoTrans, CblasNoTrans,
n, n, m, 1.0, (double *)a, m, (double *)B, n, 1.0, (double *)&C[i][0], n);

if (it < nodes-1) {
#pragma omp task input (a[0:n-1]) output (rbuf[0:n-1]) inout(stats) firstprivate (size,m,n,tag,down,up)
MP1_Sendrecv( a, size, MP1_DOUBLE, down, tag, rbuf, size, MPI_DOUBLE, up, tag, MPI_COMM_WORLD, &stats );

bs

i = (1+n)%m; //next C block circular

ptmp=a; a=rbuf; rbuf=ptmp; //swap pointers C A B
s

#pragma omp taskwait o .
free (orig_rbuf); =" — X
| rbuf
PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 Barcelona
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orig_rbuf = rbuf = (double (*)[m]Dmalloc(m*n*sizeof(double));
if (nodes >1) {

up = me<nodes-1 ? me+1:0;
down = me>0 ? me-1:nodes-1;
} else {
up = down = MPI_PROC_NULL;
}
a=A;
i = n*me; // first C block (different for each process)
for( it = 0; it < nodes; it++ ) {
mxm( m, n, a, B, (double (*)[nD&CLi][0]):
callSendRecv(m, n, a, down, rbuf, up);
#pragma omp task
i = (i+n)%m; void mxm (int m,
//next C block circular
ptmp=a; a=rbuf; rbuf=ptmp; if ((n <=n))
//swap pointers
s } else {
int j, J;

#pragma omp taskwait int nb=m/n;

free (orig_rbuf);
double (*Ab

Abp = (doub

for(J = 0O;

}

free (Abp);
}

PATC Parallel | }

dgemm_cblas(m, n, A, B, C);

gather_block(m, A, 0, J, n, Abp);

//get comtiguous temporal copy of block of A
mxm ( n, n, Abp, (double (*)[nD&B[I*n][0], C);
//contribute to block [n][n] of C

#pragma omp taskwait

input(A[O:n-1], B[O:m-1]) inout(C[O:m-1])
int n, double (*A)[m], double (*B)[n], double (*C)[n])

{

p)In]; // temporal block for contiguous A
le (*)[n]) malloc (n*n*sizeof(double));

J < nb; J++) {

17





orig_rbuf = rbuf = (double (*)[m]Dmalloc(m*n*sizeof(double));

if (nodes >1) {

up = me<nodes-1 ? me+1:0;

down = me>0 ? me-1:nodes-1;
} else {

up = down = MPI_PROC_NULL;
3
a=A;

i = n*me; // first C block (differen

for( it = 0; it < nodes; it++ ) {
mxm( m, n, a, B, (double (*)[n])&C
callSendRecv(m, n, a, down, rbuf,

i = (i+n)%m;

//next C block circular
ptmp=a; a=rbuf; rbuf=ptmp;
//swap pointers

}

#pragma omp taskwait
free (orig_rbuf);

#pragma omp task input (a[0:n-1]) output (rbuf[0:n-1])
void callSendRecv(int m, int n, double (*a)[m], int down, double
Crbuf)[m], int up)

{
int tag = 1000;
int size = m*n;
MPI_Status stats;
MP1_Sendrecv( a, size, MPI_DOUBLE, down, tag,
rbuf, size, MPI_DOUBLE, up, tag,
MPI_COMM_WORLD, é&stats );
}

1))

int j, J;
int nb=m/n;

Abp = (double (*)[n]) malloc (n*n*sizeof(double));

for(J = 0; J < nb; J++) {
gather_block(m, A, 0, J, n, Abp);
//get comtiguous temporal copy of block of A
mxm ( n, n, Abp, (double (*)[n]&B[I*n][0], C);
//contribute to block [n][n] of C

}

#pragma omp taskwait
free (Abp);

PATC Parallel P }
3
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BLOCK_SIZE
<>

#pragma omp task i1nout([n]local_array)
void compute(double *local_array, int n);

#pragma omp task input([n]local_array) inout([1]sum)
void reduce(double *local_array, double *sum, int n);

#pragma omp task input([n]bufsend) output([n]bufrecv)
void communication(int partner, double *bufsend, double *bufrecv, Iint n);

#pragma omp task input([n]array_right) output([n]array_ left)
void shift(double *array_right, double *array left, iInt n);

for(i = 0; i < NUM_OF_ITE; i++){

for(J = 0; jJ < SIZE_OF_ARRAY; j+=BLOCK_SIZE)
compute(&array[j]., BLOCK SIZE);
reduce(&array[0], &sum, BLOCK_ SIZE);
communication (partner, &array|[0], &array[SI1ZE_OF ARRAY-BLOCK_SI1ZE], BLOCK_SIZE);

for(J = 0; jJ < SIZE_OF_ARRAY-BLOCK_SIZE; j+=BLOCK_SIZE)
shift(&array[J+BLOCK _SI1ZE], &array[j], BLOCK SIZE);

Supercompuling
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® Each process executes the same code

® Not all dependences shown

compute
reduce

communication

shift

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 @ garcelona
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Fighting Amdahl’s law: StarSs. a chance"_f-or_lazy programméfs_ |

Four loops/routines
Sequential program order
OpenMP
not parallelizing one loop

I
1
1
1
not parallelizing one loop
I |
1
1
1

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 sc Barcelona
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Load imbalance is everywhere - Sk

Old SPECEFEMS3D version

IPC

PSC @ 32x4 cores MPI/SMPSs
B " Useful and tasks @ 4t2_trace.chopl.prv L‘_I—JEI et e Gadget @ 1024 = 4096 COfeS

Useful Duration

| Useful duration one iteration (not same scale!!) ‘

Duration @ Gadget2-1024-300ms-1-5callers-BGP. prv

BE

Specien®_132.c.. [

L2 miss ratio

peloT: 5.0 Duration @ Gadget2-2048-150ms-1-5callers-BGP. prv.

LS1 @ 16 cores ) t

® ° Useful Duration @ 1j40000_t300-NP16.prv

Original PEPC @ 8K cores

[ X computing duration @ pepc.8192tasks.bgp.detail.chop1.1.filter1.prv o X | Useful durartion

| call @ pepc.8192tasks.bgp.detail. A filter1. o x| MPI calls

8 4P cal partctes  gromaes. v beta.128.48. s prv.

& gromacs v5.beta 756.96.3its.prw.
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Dynamic Load Balancing: LeW!

® Automatically achieved by the runtime

® Load balance within node
Y F|ne graln A . mpicalls and tasks @ trace-PILS.4x4.SMPSS.ORIG.BLOCK.10-20-30-... ¥/ =~ (X 1
([

Complementary to application level load
balance.

4 MPI processes @ 4 cores node

A . mpicalls and tasks @ trace-PILS.4x4.SMPSS.LeWI.BLOCK.10-20-30-... » =~ X

® |LeWI: Lend core When Idle

2 Communication
® Overcome Amdahl’s law in hybrid programming 2 Running task
E 13 Idle
® Enables partial node level parallelization o 13 =
[

hope for lazy programmers ... and us all

“LeWI: A Runtime Balancing Algorithm for Nested Parallelism”. M.Garcia et all.a. ICPP09

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 Barcelona
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® Hybrid MPI + OmpSs: overcome weaknesses, leverage virtues

Performance: Overcomes the too synchronous structure of MP1/OpenMP, propagating
the dataflow asynchronous behavior to the MPI level.

Flexibility: making the application malleable

® Introduces the possibility of flexible resource management in otherwise rigid
process structure of MPI or MP1/OpenMP

® Supports automatic fine grain load balance, reaction to faults and dynamic system
level resource management policies.

Productivity: Allows for very flexible overlap with simple code structures

Portability: Offers incremental parallelization even for heterogeneous systems

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 @ Barcelona
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® Motivation
® Leveraging CUDA and GPUs
® Examples

o Contact: pm-tools@bsc.es
» Source code available from http://pm.bsc.es/ompss/
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® OpenCL/CUDA coding, complex and error-prone

Memory allocation
Data copies to/from device memory
Manual work scheduling

Code and data management from the host
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® Memory allocation

® Need to have a double memory allocation

®  Host memory h = (float*) malloc(sizeof(*h)*DIM2_H*nr);,

® Device memory

r = cudaMalloc((void**)&devh,sizeof(*h)*nr*DIM2_H);
® Different data sizes due to blocking may make the code confusing
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® Data copies to/from device memory
_ cudaMemcpy(devh,h,sizeof(*h)*nr*DIM2_H,
® copy_in/copy_out cudaMemcpyHostToDevice);

® Increased options for data overwrite compared to homogeneous programming

Supercomputing
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® Complex code/data management from the host

/I Initialize device, context, and buffers

memobjs[1] = clCreateBuffer(context, CL_MEM_READ_ONLY | CL_MEM_COPY_HOST_PTR,
sizeof(cl_float4) * n, srcB, NULL);
/I create the kernel

kernel = clCreateKernel (program, “dot_product”, NULL);
Il set the args values

err = clSetKernelArg (kernel, 0, sizeof(cl_mem), (void *) &memobjs[0]);
err |= clSetKernelArg (kernel, 1, sizeof(cl_mem), (void *) &memobjs[1]);
err |= clSetKernelArg (kernel, 2, sizeof(cl_mem), (void *) &memobjs[2]);
/I set work-item dimensions

__kernel void

dot_product (
__global const float4 * a,
__global const float4 * b,

global_work_size[0] = n; __global float4 * c)

local_work_size[0] = 1; {

Il execute the kernel int gid = get_global_id(0);

err = clEnqueueNDRangeKernel (cmd_queue, kernel, 1, NULL, global_work_size, c[gid] = dot(a[gid], b[gid]);
local_work_size, 0, NULL, NULL); }

/ read results
err = clEnqueueReadBuffer (cmd_queue, memobjs[2], CL_TRUE, 0O,
n*sizeof(cl_float), dst, 0, NULL, NULL);

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 C( Barcelona
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® OpenMP expressiveness

® Tasking

® StarSs expressiveness
® Data directionality hints (input/output)
® Detection of dependencies at runtime
® Automatic data movement

® CUDA

® Leverage existing kernels
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® Thread-pool model e
® OpenMP parallel “ignored” '-
® All threads created on startup

® One of them (SMP) executes main... and tasks Team Task pool
® P-1 workers (SMP) execute tasks
® One representative (SMP to CUDA) per GPU

® All get work from a task pool

® Work is labeled with possible “targets”

PATC Parallel Programming Workshop, Barcelona, November 26-30, 2012 C( Barcelona

S pen:om puting

Nacmé‘ IPercomputacior





® Asingle global address space

® The runtime system takes care of the devices/local memories

® SMP machines: no need for extra runtime support

® Distributed/heterogeneous environments
® Multiple physical address spaces exist
® Versions of the same data can reside on them

® Data consistency ensured by the runtime system

-
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#pragma omp target [ clauses ]

® Specifies that the code after it is for a specific device

®The compiler parses the specific syntax of that device and hands the code over to the
appropriate back end compiler

®Currently supported devices:

® smp: default device. Back end compiler to generate code can be gcc, icc, Xlc,....

® cuda: cuda code is separated to a temporary file and handed over to nvcc for code
generation.
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#pragma omp target [ clauses ]

® If the code is a task (target pragma immediately followed by a task pragma)
®Some devices (cuda) have their private physical address space.

®The copy_in, copy_out, an copy_inout clauses have to be used to specify what data has to
be maintained consistent between the original address space of the program and the address
space of the device.

®The copy_deps is a shorthand to specify that for each input/output/inout declaration, an
equivalent copy_in/out/inout is used.

®A copy clause has to be provided for every data required by the task for devices with private
address space

® Relaxed consistency results otherwise

®Tasks on the original program device (smp) also have to specify directionality to ensure
consistency for those arguments referenced in some other device.

®The default taskwait semantic is to ensure consistency of all the data in the original program
address space.
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® copy_in: requests a consistent copy of the data to be available in the device address
space when the task is executed

® It may require a data transfer

® Automatically performed by the runtime
® Scheduled at its convenience
® Data may be already in the device
® The runtime keeps track of all data replication and ensures consistency
® Address translation may be needed
® copy_out: specifies that the task produces that data
® The runtime has to use this information to ensure data consistency

® May require a transfer sometime after the task completes

® Automatically performed by the runtime, at its convenience

® copy_inout: specifies that a consistent copy of the data is required on input and a new
value is produced for which consistency has to be maintained
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float a[N];
float b[N];
float c[N];

for (J=0; J<N; J+=BK) {

#pragma omp target device(cuda) copy_deps

#pragma omp task input (a[J;BK], b[J;BK]) output (c[J;BK])
{

}

#pragma omp target device(cuda) copy_deps
#pragma omp task input (c[J;BK])...
{

}
}

<<< CUDA kernel_1 invocation >>>

<<< CUDA kernel_2_invocation >>>
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The task body CUDA code is actually executed by one thread in the host

This thread can launch kernels, passing them arguments including pointers

The runtime does the memory allocation and deallocation on the device as
well as the data transfers for copy variables

The task body in CUDA can not reference the pointers it is passed as they
have been translated by the runtime to point to the copy of the object in the
device physical address space
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for (j = 0; j <img_height; j+=BS) {
#pragma omp target device (cuda) copy_deps
#pragma omp task output (out[ j ; rowstride ])

{
dim3 d!mBI(.)C_k; Important restriction:
dim3 dimGrid; NG d " this host cod
dimBlock.x = BS: - No data accesses In this host code
dimBlock.y = BS;
dimBlock.z = 1; We recommend:
dimGrid.x = img_width/dimBlock.x; - Set block/grid and invoke kernel
dimGrid.y = img_height/dimBlock.y;
dimGrid.z=1

cuda_perlin <<<dimGrid, dimBlock>>> (&output[j*rowstride], time, j, rowstride);

b}
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pen:om puting





® Example of alternative implementations

#pragma omp target device (smp) copy_deps
#pragma omp task input ([size] c) output ([size] b)
void scale_task (double *b, double *c, double scalar, iInt size)
t
int j;
for (j=0; j < size; j++)
b[j] = scalar*c[j];

}

#pragma omp target device (cuda) copy_deps implements (scale_task)
#pragma omp task input ([size] c) output ([size] b)
void scale_task cuda(double *b, double *c, double scalar, int size)

{
dim3 dimBlock;

dimBlock.x = threadsPerBlock;

dim3 dimGrid;
dimGrid.x = size/threadsPerBlock+1;

scale_kernel<<<dimGrid,dimBlock>>>(size, 1, b, c, scalar);
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blue already in OpenMP
red extensions based on StarSs

Task implementation for a GPU device
The compiler parses CUDA kernel invocation syntax

Support for multiple implementations of a task

#pragma omp target device ({ smp |cuda}) \
[ implements (function_name )] \

{ copy_deps | [ copy_in (array_spec ,...)] [ copy_out (...)] [ copy_inout (...)] }

Ask the runtime to ensure consistent data is accessible in
the address space of the device

#pragma omp task [ input (...)] [ output (...)] [ inout (...)] [ concurrent (...)]

{code block or function}

To compute dependences To allow concurrent execution of commutative
tasks

#pragma omp taskwait [on (...)] [noflush]

Relax consistency to main program

Master waits for sons or specific data
availability
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#pragma omp target device (cuda) copy_deps
#pragma omp task 1nput ([size] c) output ([size] b)

void scale_task cuda(double *b, double *c, double scalar,

Executed in the host

int size

{
dim3 dimBlock, dimGrid;
dimBlock.x = 128; dimBlock.y = dimBlock.z = 1; Kernel launched to the device.
dimGrid.x = size/128+1; / b and c are pointers to the memory
scale_kernel<<<dimGrid,dimBlock>>>(size, 1, b, c, scalar); allocated by the runtime on the device
I
¥ #pragma target device (smp) copy_deps
#pragma omp task input ([size] c) output ([size] b)
void scale_task (double *b, double *c, double scalar, iInt size)
{
for (int jJ=0; j < BSIZE; j++) b[J] = scalar*c[]}];
by
double A[1024], B[1024], C[1024] A, B have to be transferred to device before task
double D[1024], E[1024]; execution
. No data transfer. Will execute after T1
main(Q{

scale_task cuda(A, B, 10.0, 1024); //T /////
scale _task cuda(B, A, 0.01, 1024); //T2/
scale_task (C, A, 2.0, 1024); //T73

scale task cuda (D, E, 5.0, 1024); //T4— |
scale_task cuda(B, C, 3.0, 1024); //15 |

#pragma omp taskwait
// can access any of A,B,C,D,E \
by

/ A, has to be transferred to host.
Can be done in parallel with T2

D, E, have to be transferred to GPU.
Can be done at the very beginning

|
\
I~

C has to be transferred to GPU.
Can be done when T3 finishes

PATC Parallel Programming Workshop,
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void cuRiemann(int narray, double Hsmallr, double Hsmallc, double Hgamma, //
int Hniter_riemann, int Hnvar, int Hnxyt, int slices, Int Hnxystep, //
double *gleft, double *gright, double *qgdnv, long *sgnm) {

#pragma omp target device (cuda) copy_deps "“medF”aQ?a
#pragma omp task input ([Hnvar][Hnxystep][Hnxyt]qgleft, \ ”?9d$e¥mmﬁ
[Hnvar][Hnxystep] [Hnxyt]qright, \ privatization of
[Hnxystep][narray]sgnm) \ read scalarsk for

output([Hnvar] [Hnxystep] [Hnxyt]qgdnv) \ CUDA tasks

firstprivate(narray, Hsmallr, Hsmallc, Hgamma, Hniter_riemann, \
Hnvar, Hnxyt, slices, Hnxystep)

dim3 block, grid;
SetBlockDims(Hnxyt * slices, 192, block, grid);

LooplKcuRiemann <<< grid, block >>> (narray, Hsmallr, Hsmallc, Hgamma, //
Hniter_riemann, Hnvar, Hnxyt, slices, Hnxystep, //
gleft, qgright, qggdnv, sgnm );

cudaDeviceSynchronize();

if (Hhvar > IP + 1) {

LooplOKcuRiemann <<< grid, block >>> (narray, Hnvar, Hnxyt, slices, //
Hnxystep, gleft, gright, qgdnv, sgnm );
cudaDeviceSynchronize();
by

#pragma omp taskwait

}
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Heterogeneity: relaxing consistency

No copy of consistent instance of input to smp.

#pragma target device (smp) copy out ([size] b) Definition of new value for output
#pragma omp task 1nput ([size] c) output ([size] b)

void scale _task nocpin (double *b, double *c, double scalar, Int size)
{
for (int jJ=0; j < BSIZE; j++) b[J] = scalar*c[]];
s
A, B have to be transferred to device before task
execution

double A[1024] B[1024] C[1024] No data transfer. Will execute after T1
double D[1024], E[1024];

A, is not transferred to host.
main(Q{ T3 will execute after T1 finishes but with old value of A

scale_task cuda (A, B, 1.0, 1024); //T1 D, E, have to be transferred to GPU.
scale_task_cuda (B, A, 0.1, 1024); //T2 / Can be done at the very beginning
scale_task nocpin (C, A, 2.0, 1024); //T713 —
scale task cuda (D, E, 5.0, 1024); //T4

scale task cuda (C. B. 3.0. 1024)- //T5 — 1| Cvalueupdated by T3 has to be transferred to GPU.
— — > T T i Can be done when T3 finishes.

#pragma omp taskwait noflush

No copy of A, B, C, D, E back to host

printf (“%f, %f\n”, D[1],E[512] _

scale task (E, B, 0.5, 1024); //T6 — Will print original unmodified value of D and E

scale_task nocpin (D, C, 0.5, 1024); //T7 \

#pragma omp taskwait noflush
b5 No copy of C back to host

Copy B and E back to host before execution

No copy of D, back to host but new value defined by T7 —
PATC Parallel Programming Workshop, B ; =30,
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® Automatic and configurable overlapping of data transfers and
computation

® Input/ output / inout

® with the kernel executions
® Data prefetching

® Transfer input data to GPU memory

® well before tasks need the data
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Copy outputs task (i-1)
Kernel call task (i)

Copy inputs task (i+1)

Stream sync
(H <--> D streams)

N

Data transfers
(H to D stream)

Kernel exec

S
S

S

Data transfers
(D to H stream)

GPU mgt thread GPU side
(host side)
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® Configurable data cache policy
®  Write-through

® after the execution of each task, output data is updated on the host
®  Write-back

® only updates host data if needed
® Nocache

® cache is disabled

® not recommended, only for testing
® Configurable limit on GPU memory usage
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® CUBLAS support and context management

® No need to call cublasinit / cublasShutdown

® NX_GPUCUBLASINIT

® CUBLAS functions can also be scheduled to specific streams to enable overlapping

® Runtime takes care of properly allocation of streams/handles
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® OmpSs BlackScholes

#pragma omp target device(cuda) copy_deps
#pragma omp task input (\
[global _work _group_size] cpflag_fptr, \
[global_work _group_size] SO _fptr, \
[global _work group_size] K_fptr, \
[global_work _group_size] r_fptr, \
[global _work group_size] sigma_fptr, \
[global_work _group_size] T_fptr)\
output ([global_work group_size] answer_fptr)
void bsop_ref float (
unsigned int cpflag_fptr]],
float SO_fptr(],

float K_fptr[], «—— 256 — pe—— 256 —»
o igne. _—
float sigma_fptr(], .
float T_fptr[], 6 inputs
float answer_fptr[]) \

{ 1 output

/I kernel code
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® Use of copy_in/copy_out/copy_inout

chunksize = 256;
for (i=0; i<array_size; i+= chunk_size) {

elements = min(i+chunk_size, array_size) - i;
#pragma omp target device(cuda) copy_in(\ <« 256 —p«—— 256 —»
cpf [i;elements],\ >

SO [i_;’elements],’\ ?: 6 inputs

K [i;elements],\
r [i;elements], \
sigma [i;elements], \
T [i;elements])\

copy_out (answer[i;elements]) > ——
#pragma omp task firstprivate(local_work _group_size, 1)

{
dim3 dimBlock(local_work_group_size, 1, 1);
dim3 dimGrid(elements / local_work_group_size, 1, 1);
cuda_bsop <<<dimGrid, dimBlock>>>
(&cpf[i], &SO[i], &K]i], &r[i], &sigma]i], &T[i], &answerf[i]);
}

}

#pragma omp taskwait

1 output
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for (j = 0; j <img_height; j+=BS) {

#pragma omp target device(cuda) copy_deps
#pragma omp task output (output[j*rowstride:(j+BS)*rowstride-1])

{
dim3 ...

cuda_perlin <<<dimGrid, dimBlock>>> (&output[j*rowstride], time, j, rowstride);

}
}

#pragma omp taskwait
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® Variables and functions can also be “targeted”

#pragma omp target device(smp,cuda)

int perm[512] ={
151, 160, 137, 91, 90, 15, 131, 13, 201, 95, 96, 53, 194, 233,
7, 225, 140, 36, 103, 30, 69, 142, 8, 99, 37, 240, 21, 10, 23,

#pragma omp target device(smp,cuda)

float grad(int hash, float x, float y, float z)

{
int h = hash & 15; /I Convert low 4 bits of hash code
floatu=(h<8)?x:y; [/linto12 gradient directions.
floatv=(h<4)?y:(h==12||h==14) ? x: z;

u=(h~&1)==0?u:-u;
v=(h&2)==07?vVv:-v,
return u +v;
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) %iis
i

mmmeipememem——

' LR

TN =S

512 BS = 128 elements

for (j = 0; j <img_height; [+=BSY) {

int offset = |;

out = (struct pixel_group_s *) &outBuff[compute_frame][j*rowstride*4];
#pragma omp target device(cuda) copy_in (jc) \

copy_out([output_size] out)
#pragma omp task shared(out, jc) \
firstprivate(currMu, rowstride, BSx, BSY, offset, ntasks)
{
Il kernel

}

}

#pragma omp taskwait
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) %iis
i

mmmeipememem——

' LR

TN =S

512 BS =128 elements

#pragma omp task shared(out, jc) \
firstprivate(currMu, rowstride, BSx, BSY, offset, ntasks)
{
dim3 dimBlock (BSx, 1);
dim3 dimGrid (rowstride/4/dimBlock.x, Il 14 due to vector size
BSY/dimBlock.y);

compute julia_kernel <<<dimGrid, dimBlock>>> (
currMu, (ucharl6 *) out, rowstride, jc, offset
)i
}
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512 BS = 128 elements

#pragma omp target (cuda)
__global__ void compute_julia_kernel (const float4 muP,
ucharl6 * framebuffer,
int rowstride,
const struct julia_context jc,
int offset)
{..
I = blockldx.x * blockDim.x + threadldx.x;
] = blockldx.y * blockDim.y + threadldx.y;

fragmentShader4(rO, curr_dir, mu, epv,
light, jc->maxIterations, renderShadows, &pcolors);
framebuffer[(j*rowstride)/4 + i] = pcolors;

}
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® Transforming

® Directives to
runtime calls

® Compiling

Muiltifile

® Natively with the
Nvidia compiler

® Embedding

® Obiject files with CUDA Device native
embedded on host files compiler

Device native
compiler

Final executable

PATC Parallel Programming Workshop, Barcelona, November 26-30,

2012

@

Barcelona
Supercomputing
Cente

r
Centro Nacional de Supercomputacion





® Future programming models should:

Enable productivity and portability

Support for heterogeneous/hierarchical architectures

Support asynchrony - global synchronization in systems with large number of nodes is

not an answer anymore

Be aware of data locality

® OmpSs is a proposal that enables:

Incremental parallelization from existing sequential codes
Data-flow execution model that naturally supports asynchrony
Nicely integrates heterogeneity and hierarchy

Support for locality scheduling

Active and open source project:

http://pm.bsc.es/ompss
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