
 

Programming with StarSs 

 
Computer Sciences Research Dept. 

BSC 



Rosa M. Badia, StarSs tutorial. Valencia, October 2011                                                                                           2               

Agenda 

ÅStarSs overview 

ÅOmpSs 

ÅOmpSs examples 

ÅSingle node hands-on 

ÅHybrid model MPI/OmpSs 

ÅProgramming examples 

ÅMPI/OmpSs hands-on 
 

 

 

ÅSlides available in: 
Å /gpfs/scratch/bsc19/bsc19776/TutorialRES2011/tutorial_RES_starss_2011.ppt 
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StarSs overview 
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ÅA ñnodeò level programming model 

ÅC/Fortran/Java 

ÅTask based. Asynchrony, data-flow. 

ÅSingle linear address space 

ÅMalleable 

ÅNicely hybridizes (MPI/StarSs) 

ÅNatural support for heterogeneity 

The StarSs family of programming models 

StarSs CellSs 

SMPSs 

GPUSs 

GridSs 

ClearSpeedSs 

ClusterSs 

OmpSs 

ClusterSs 

COMPSs 

@ SMP @ GPU @ Cluster 

Open Source     
http://pm.bsc.es/ompss/ 

Key concepts: 

ÅSequential program 

ÅDirectionality annotations on 

tasks arguments 

Focus: 

ÅProgrammability/Portability 

ÅIntelligence in the runtime 



Rosa M. Badia, StarSs tutorial. Valencia, October 2011                                                                                           5               

History / Strategy 

SMPSs V2 

~2009 

NANOS++ 

~2008 

GPUSs 

~2009 

CellSs 

~2006 

SMPSs V1 

~2007 

PERMAS 

~1994 

GridSs 

~2002 

CompSs 

~2007 

NANOS 

~1996 
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StarSs: a sequential program é 

  

void vadd3 (float A[BS], float B[BS],  

            float C[BS]);  

  

void scale_add (float sum, float A[BS],  

               float B[BS]);  

  

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

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

   vadd3 ( &A[i], &B[i], &C[i]);  

...  

for (i=0; i<N; i+=BS)            // sum(C[i])  

   accum (&C[i], &sum);  

...  

for (i=0; i<N; i+=BS)            // B=sum*A  

   scale_add (sum, &E[i], &B[i]);  

...  

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

   vadd3 (&C[i], &D[i], &A[i]);  

...  

for (i=0; i<N; i+=BS)            // E=G+F  

   vadd3 (&G[i], &F[i], &E[i]);  
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StarSs: é taskified é 

#pragma css task input(A, B) output(C)  

void vadd3 (float A[BS], float B[BS],  

            float C[BS]);  

#pragma css task input(sum, A) inout(B)  

void scale_add (float sum, float A[BS],  

               float B[BS]);  

#pragma css task input(A) inout(sum)  

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

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

   vadd3 ( &A[i], &B[i], &C[i]);  

...  

for (i=0; i<N; i+=BS)            // sum(C[i])  

   accum (&C[i], &sum);  

...  

for (i=0; i<N; i+=BS)            // B=sum*A  

   scale_add (sum, &E[i], &B[i]);  

...  

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

   vadd3 (&C[i], &D[i], &A[i]);  

...  

for (i=0; i<N; i+=BS)            // E=G+F  

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

1 2 3 4 
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Color/number: order of task instantiation 

Some antidependences covered by flow dependences not drawn 

Compute dependences @ task instantiation time 
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Write Decouple 

how we write 

form 

how it is executed 

StarSs: é and executed in a data-flow model 

#pragma css task input(A, B) output(C)  

void vadd3 (float A[BS], float B[BS],  

            float C[BS]);  

#pragma css task input(sum, A) inout(B)  

void scale_add (float sum, float A[BS],  

               float B[BS]);  

#pragma css task input(A) inout(sum)  

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

1 1 1 2 

2 2 2 3 

2 3 5 4 

7 

6 

8 

6 

7 

6 

8 

7 

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

   vadd3 ( &A[i], &B[i], &C[i]);  

...  

for (i=0; i<N; i+=BS)            // sum(C[i])  

   accum (&C[i], &sum);  

...  

for (i=0; i<N; i+=BS)            // B=sum*A  

   scale_add (sum, &E[i], &B[i]);  

...  

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

   vadd3 (&C[i], &D[i], &A[i]);  

...  

for (i=0; i<N; i+=BS)            // E=G+F  

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

Execute 

Color/number: a possible order of task execution 



Rosa M. Badia, StarSs tutorial. Valencia, October 2011                                                                                           9               

StarSs: the potential of data access information  

ÅFlat global address space seen by 

programmer 

ÅFlexibility to dynamically traverse  

dataflow graph ñoptimizingò 

ÅConcurrency. Critical path 

ÅMemory access: data transfers 

performed by run time 

 

ÅOpportunities for 

ÅPrefetch 

ÅReuse 

ÅEliminate antidependences 

(rename) 

ÅReplication management 

ÅCoherency/consistency handled 

by the runtime 
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StarSs Tasks 

ÅTask states: 

ÅInstantiated: when task is created   

ÅDependences are computed at the moment of instantiation. At that point in time a task may or 

may not be ready for execution 

ÅReady: When all its input dependences are satisfied, typically as a result of the completion 

of other tasks  

ÅThe task is ready to be executed. 

ÅActive: the task has been scheduled to a processing element.  

ÅWill take a finite amount of time to execute. 

ÅCompleted: the task terminates, its state transformations are guaranteed to be globally 

visible and frees its output dependences to other tasks. 
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Fighting Amdahlôs law:  StarSs. a chance for lazy programmers 

Four loops/routines 

Sequential program order 

OpenMP  

not parallelizing one loop 

SMPSs  

not parallelizing one loop 

GROMACS 
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StarSs: just a few directives 

#pragma css task  [input ( parameters ) ] \ 

                              [output ( parameters ) ] \ 

                              [inout ( parameters )] \ 

         [target device( [cell, smp, cuda] ) ] \ 

         [implements ( task_name ) ] \ 

         [reduction ( parameters ) ] \ 

                              [ highpriority ] 

 

#pragma css wait on ( data_address ) 

#pragma css barrier 

#pragma css mutex lock ( variable ) 

#pragma css mutex unlock( variable ) 

 

parameters: parameter [ , parameter ]*  

parameter: variable_name  { [dimension]}*    
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OmpSs 
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OmpSs = OpenMP + StarSs extensions 

ÅOmpSs is based on OpenMP + StarSs with some differences: 

ÅDifferent execution model 

ÅExtended memory model 

ÅExtensions for point-to-point inter-task synchronizations 

Ådata dependencies 

ÅExtensions for heterogeneity 

ÅOther minor extensions 
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Execution Model 

ÅThread-pool model 

ÅOpenMP parallel ñignoredò 

ÅAll threads created on startup 

ÅOne of them starts executing main 

ÅAll get work from a task pool 

ÅAnd can generate new work 
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Memory Model 

ÅFrom the point of view of the programmer a single naming space 

exists 

ÅFrom the point of view of the runtime, different possible scenarios 

Åpure SMP:  

ÅSingle address space 

Ådistributed/heterogeneous (cluster, gpus, ...): 

ÅMultiple address spaces exist 

ÅVersions of same data may exist in multiple of these 

ÅData consistency ensured by the implementation 
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Main element: task 

ÅTask: unit of computation 

ÅTask definition 

ÅPragmas inlined 

ÅPragmas attached to function definition 

int   main   (    )  

{  

 int X[100];  

 #pragma  omp   task  

 for (int i =0; i< 100; i++) X[i]=i;  

}  

#pragma   omp   task  

void    foo  ( int  Y[size ], int  size ) {  

int  j ;  

 

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

}  

 

int  main ()  

{  

int  X[100]  

foo  (X, 100) ;  

}  
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Defining dependences 

ÅClauses that express data direction: 

Åinput 

Åoutput 

Åinout 

ÅDependences 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 

4 
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Heterogeneity: the target directive 

ÅDirective to specify device specific information: 

#pragma omp target [ clauses ] 

ÅClauses: 

Ådevice: which device (smp, gpu) 

Åcopy_in, copy_out, copy_inout: data to be moved in and out 

Åcopy_deps: same as above, to copy data specified in input/output/inout clauses 

Åimplements: specifies alternate implementations 

#pragma  target  device  ( smp) copy_deps  

#pragma  omp task  input  ([ size ] c) output ([ size ] b)  

void  scale_task  ( double  * b, double  * c, double  scalar , int  size )  

{  

int  j ;   

for  ( j =0; j  < BSIZE; j ++)  

    b[j ] = scalar * c[j ];  

}  
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Heterogeneity: the target directive 

ÅDirective to specify device specific information: 

#pragma omp target [ clauses ] 

ÅClauses: 

Ådevice: which device (smp, gpu) 

Åcopy_in, copy_out, copy_inout: data to be moved in and out 

Åcopy_deps: same as above, to copy data specified in input/output/inout clauses 

Åimplements: specifies alternate implementations 

#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 )  

{  

 

const  int  threadsPerBlock  = 128;  

   dim3 dimBlock ;  

   dimBlock.x  = threadsPerBlock ;  

   dimBlock.y  = dimBlock.z  = 1;  

 

   dim3 dimGrid ;   

   dimGrid.x  = size / threadsPerBlock +1;  

 

   scale_kernel <<<dimGrid,dimBlock >>>( size , 1, b, c, scalar );  

    

}  
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Synchronization 

#pragma omp taskwait 

ÅSuspends the current task until all children tasks are completed 

ÅJust direct children, not descendants 

void traverse_list  ( List l  )  

{  

   Element e ;  

   for ( e = l - > first; e ; e = e- >next )  

 #pragma  omp task  

   process ( e ) ;  

    

#pragma  omp taskwait  

}  

1 2 

3 4 

... 
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Synchronization 

#pragma taskwait on ( expression ) 

ÅExpressions allowed are the same as for the dependency clauses 

ÅBlocks the encountering task until the data is available 

#pragma css task input([N][N]A, [N][N] B) 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,I); //5  

 

#pragma omp taskwait on (F)  

prinft (ñresult F = %f\ nò, F[0][0]); 

 

 

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

 

 

#pragma omp taskwait  

prinft (ñresult C = %f\ nò, C[0][0]); 

}  

1 2 

3 5 

6 

4 
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Hierarchical task graph 

ÅNesting 

ÅHierarchical task dependences 

ÅBlock data-layout  

#pragma omp task input([BS][BS]A, [BS][BS] B) \  

inout([BS][BS]C)  

void block_dgemm(float *A, float *B, float *C);  

 

#pragma omp task input([N][N]A, [N][N] B) \  

inout([N][N]C)  

void dgemm(float *A, float *B, float *C){  

int i, j, k;  

int NB= N/BS;  

 

for (i= 0; i< NB; i++)  

for (j= 0; j< NB; j++)  

 for (k= 0; k< NB; k++)  

  block_dgem(&A[i*N*BS+k*BS*BS],  

   &B[k*N*BS+j*BS*BS], &C[i*N*BS+j*BS*BS])  

}  

main() {  

(  

 ...  

dgemm(A,B,C);  

dgemm(D,E,F);  

#pragma omp taskwait  

 

}  

BS 
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... 

Concurrent 

ÅLess-restrictive inout clause Ą Concurrent tasks can run in parallel 

ÅDependences with other tasks will be handled normally 

ÅI.e., the printf task will wait for all sum_taskôs to finish 

ÅThe task may require additional synchronization 

Åi.e., atomic accesses 

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

void sum_task ( int *vec , int n , int  *results)  

{  

   int i ;  

   int local_sum=0;  

   for ( i = 0; i < n ; i ++)  

 local_sum += vec [i] ;  

 

   #pragma omp atomic   

 results += local_sum;  

}  

 

void main(){  

   for (int j; j<N; j+=BS) sum_task (&vec[j], BS, &total);  

   #pragma omp task input (total)  

printf (ñTOTAL is %d\ nò, total); 

}  

BS 

N 
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Avoiding data transfers 

ÅNeed to synchronize 

ÅNo need for synchronous data output  

void compute_perlin_noise_device(pixel * output, float time, unsigned int 

rowstride, int img_height, int img_width)  

{  

    unsigned int i, j;  

    float vy, vt;  

    const int BSy = 1;  

    const int BSx = 512;  

    const int BS = img_height/16;  

 

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

#pragma omp target device(cuda) copy_out(output[j*rowstride;BS*rowstride])  

#pragma omp task  

        {  

            dim3 dimBlock, dimGrid;  

            dimBlock.x = (img_width < BSx) ? img_width : BSx;  

            dimBlock.y = (BS < BSy) ? BS : BSy;  

            dimBlock.z = 1;  

            dimGrid.x = img_width/dimBlock.x;  

            dimGrid.y = BS/dimBlock.y;  

            dimGrid.z = 1;  

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

      time, j, rowstride);  

        }  

    }  

#pragma omp taskwait noflush  

}  
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Mercurium Compiler  

ÅMinor role 

ÅRecognizes constructs and transforms them to calls to the runtime 

ÅManages code restructuring for different target devices 

ÅDevice-specific handlers 

ÅMay generate code in a  

separate file  

ÅInvokes different back-end  

compilers  

Ą  nvcc for NVIDIA 
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Runtime structure 

ÅSupport to different programming models: OpenMP (OmpSs), StarSs, Chapel 

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

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

cluster 

ÅSupport to heterogeneous targets  

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

ÅInstrumentation 

ÅĄGeneration of execution traces 

 
NANOS API 

Task 

Management 

trace 

In
s
tr

u
m

e
n
ta

ti
o
n
 

Architecture Interface 

Application 

(StarSs, OmpSs, ...) 

Data 
Coherence 

&  
Movement 

Thread 

Management 

Task 

Scheduling 

GPU SMP Cluster tasksim 

Dependence 

Management 

Scheduling 

Policies 

dep. 

aware 

Bf 

local. 

... 

Paraver 

SimTrace 



Rosa M. Badia, StarSs tutorial. Valencia, October 2011                                                                                           28               

Runtime structure behaviour: task handling 

ÅTask generation 

ÅData dependence analysis 

ÅTask scheduling 

 

 


