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STARSs programming model

Basic idea

...

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

T1 ( data 1, data 2) ;

T2 ( data 4, data 5) ;

T3 ( data 2, data 5, data 6) ;

T4 ( data 7, data 8) ;

T5 ( data 6, data 8, data 9) ;

}

...

Sequential Application
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CellSs: Syntax example - matrix multiply

int main  (int argc, char **argv) {

int i, j, k;

é

initialize(A, B, C);

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

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

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

block_addmultiply (C[i][j], A[i][k], B[k][j]); 

}

static void block_addmultiply (float C[BS][BS], float A[BS][BS], 

float B[BS][BS]) {

int i, j, k;

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

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

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

C[i][j] += A[i][k] * B[k][j];

}
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NB
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CellSs: Syntax example - matrix multiply

int main  (int argc, char **argv) {

int i, j, k;

é

initialize(A, B, C);

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

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

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

block_addmultiply( C[i][j], A[i][k], B[k][j]); 

}

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

static void block_addmultiply( float C[BS][BS], float A[BS][BS], 

float B[BS][BS]) {

int i, j, k;

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

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

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

C[i][j] += A[i][k] * B[k][j];

}
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CellSs: Runtime
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CellSs: Runtime - argument renaming

ÅFalse dependences (WaW and WaR) are removed with dynamic 

renaming of arguments

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

T1 (é,é, block1);

T2 (block1, é, block2[i]);

T3 (block2[i],é,é);

}

Block1 is output from task T1

Block1 is input to task T2
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CellSs: Runtime - argument renaming

ÅFalse dependences (WaW and WaR) are removed with dynamic 

renaming of arguments

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

T1 (é,é, block1);

T2 (block1, é, block2[i]);

T3 (block2[i],é,é);

}

Block1 is output from task T1

Block1 is input to task T2
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CellSs: Runtime ïscheduling 

ÅScheduling strategy

ÅCritical path

ÅLocality

... ...

Bundle of dependent tasks: 
data locality in SPE Bundle of independent tasks: 

Mixed bundle
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CellSs: Runtime

ÅParaver view of the runtime behavior

Bundle

Main thread:
runs user code and adds and 
remove tasks to the task graph

SPEs: execute 
tasks' code

Helper thread:
schedules tasks 
and synchronize with SPEs
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CellSs: Runtime ïspecific SPE library features

ÅData dependence analysis, data renaming, task scheduling 

performed in the CellSs PPE runtime library

ÅCellSs SPE runtime library implements specific features, to assist  

the CellSs PPE runtime library, but independently

ÅEarly callback

ÅMinimal stage-out

ÅSoftware cache in the SPE Local Store

ÅDouble buffering 
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CellSs: Runtime ïspecific SPE library features

ÅEarly call-back

ÅInitially, communication of completion of tasks is 

done per bundle basis

ÅThere are cases where this limits the application

ÅTask A in the example

ÅAn early callback after the limiting task, enables 

the scheduling of new bundles

ÅCondition: the task has more than one outgoing 

dependency
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CellSs: Runtime ïspecific SPE library features

ÅMinimal stage-out

ÅFor each task in a bundle its outpus will be written 

back to main memory

ÅIf inside the bundle, a task rewrites the same 

output, there is no need for writing back to main 

memory

ÅThe case in the figure can not happen!

ÅThanks to renaming 

ÅExample: matmul

ÅC[i][j] += A[i][k]*B[k][j]
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CellSs: Runtime ïspecific SPE library features

ÅSoftware cache in the SPE Local Store

ÅMaintained by the SPE runtime

ÅLRU replacement strategy

ÅPPE scheduling is not aware of this behavior



ScicomP15, Cell tutorial, May 18th 2009

CellSs: Runtime ïspecific SPE library features

...

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

block_addmultiply( C[i][j], A[i][k], B[k][j])

C[i][j]

A[i][k] B[k][j]

ÅFor each operation, two blocks of data are get from PPE 
memory to SPE local storage

ÅClusters of dependent tasks are scheduled to the same PPE

The inout block is kept in the local storage and only put in 

PPE memory once (reuse)
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CellSs: Runtime - specific SPE library features

ÅDouble buffering

ÅCellSs overlaps DMA transfers with computations

DMA programming: reading task control buffer 

Waiting for DMA transfer

DMA programming: reading data 

Task execution overlapped with data transfers

DMA programming: writing data 

Task 1 in bundle Task 2 in bundle Task N in bundle

Synchronization with helper thread

...
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CellSs: Runtime - specific SPE library features

ÅDouble buffering: paraver view

SPE reads data

SPE executes task
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CellSs: Runtime - specific SPE library features

ÅDouble buffering: paraver view

DMA programming DMA programming

SPE waits for DMA in
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CellSs: Runtime - specific SPE library features

ÅDouble buffering: paraver view

DMA out programming

DMA in programming
SPE waits for DMA in
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CellSs: Runtime - specific SPE library features

ÅDouble buffering: paraver view

DMA out programming

SPE waits for DMA out (all)
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CellSs: Syntax

Åpragmas' syntax:

#pragma css task  [input (<input parameters>)] \

[output (<output parameters>)] \

[inout (<input/output parameters>)] \

[highpriority]

void task(<parameters>) { ...

#pragma css wait on(<data address>)

#pragma css barrier

#pragma css start

#pragma css finish
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CellSs: Syntax

ÅExamples: task selection

#pragma css task input(A, B) inout(C)
void block_addmultiply( float C[N][N], float A[N][N], float B[N][N] ) { ...

#pragma css task input(A[BS][BS], B[BS][BS]) inout(C[BS][BS])
void block_addmultiply( float *C, float *A, float *B ) { ..

#pragma css task input(A[BS][BS], B[BS][BS], BS) inout(C[BS][BS])
void block_addmultiply( float *C, float *A, float *B, int BS ) { ..
.

ÅExamples: waiting for data

#pragma css task input (ref_block, to_comp) output (mse)

void are_blocks_equal (float ref_block[BS][BS], float to_comp[BS][BS], float *mse) { ...
...

are_blocks_equal (X[ii][jj],Y[ii][jj], &sq_error);
#pragma css wait on (sq_error)

if (sq_error >0.0000001)
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CellSs: Syntax

ÅExamples: synchronization 

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

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

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

block_addmultiply( C[i][j], A[i][k], B[k][j]);

#pragma css barrier

ÅExamples: priorization 

#pragma css task input(lefthalo[32], tophalo[32], righthalo[32], \

bottomhalo[32]) inout(A[32][32]) highpriority

void jacobi (float *lefthalo, float *tophalo, float *righthalo, float *bottomhalo, float *A)

{

...

}
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CellSs: Syntax

ÅExamples: CellSs program boundary 

#pragma css start

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

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

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

block_addmultiply( C[i][j], A[i][k], B[k][j]);

#pragma css finish
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CellSs: Syntax in Fortran

subroutine example()
...
interface

!$CSS TASK
subroutine block_add_multiply(C, A, B, BS)

imtlicit none
integer, intent (in) :: BS
real, intent (in) :: A(BS,BS), B(BS,BS)
real, intent (inout) :: C(BS,BS)

end subroutine
end interface
...
!$CSS START
...
call block_add_multiply(C, A, B, BLOCK_SIZE)
...
!$CSS FINISH

...
end subroutine
!$CSS TASK
subroutine block_add_multiply(C, A, B, BS)
...
end subroutine
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CellSs compiler: Compiler phase

Code 
translation

(mcc)

cellss-spu-cc_app.c

pack

app.tasks 
(tasks list)

app.c

cellss-spu-cc_app.o

app.o

CELSS-CC

cellss-ppu-cc_app.c

SPE Compiler PPE Compiler

cellss-spu-cc_app.o
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CellSs compiler: Compiler phase

ÅFiles

Åapp.c: User code, with CellSs annotations

Åcellss-spu-cc_app.c: specific code generated for the spu (tasks code)

Åcellss-ppu-cc_app.c: specific code generated for the ppu (main program)

Åapp.tasks: list of annotated tasks 

ÅCompilation steps

ÅMcc: Mercurium compiler (BCS), source to source compiler

ÅSPE compiler: Generic SPE compiler (IBM SDK)

ÅPPE compiler: Generic PPE compiler (IBM SDK)

Åpack: Specific CellSs module that combines objects (BSC)
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CellSs compiler: Linker phase

app.c

unpack
app-adapters.c

exec

libCellSS.so

glue code 
generator

app.capp.o

app.tasks

exec-adapters.c

app-adapters.cc
cellss-spu-cc_app.o

exec-registration.c

exec-adapters.o

exec-registration.o

CELLSS-CC

app-adapters.capp-adapters.cc
cellss-ppu-cc_app.o

PPE Linker

exec-spu

SPE Compiler

PPE Compiler

SPE Embedder

SPE Linker

libCellSS-spu.a

exec-spu.o

app.tasksapp.tasks
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CellSs compiler: Linker phase

ÅFiles

Åexec-adapters.c: code generated for each of the annotated tasks to uniformly 

call them (ñstubsò). 

Åexec-registration.c: code generated to register the annotated tasks 

ÅLinker steps

Åunpack: unpacks objects 

Åglue code generator: from all the *.tasks files of an application generates a 

single ñadaptersò file and a single ñregistrationò file per executable

ÅSPE, PPE compilers and linkers and SPE embedder (IBM SDK) 
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CellSs: Programming examples

ÅCholesky factorization

ÅCommon matrix operation  used to solve normal equations in linear 

least squares problems.

ÅCalculates a triangular matrix (L) from a symetric and positive defined 

matrix A. 

Cholesky(A) = L

L · Lt = A

ÅDifferent possible implementations, depending on how the matrix is 

traversed (by rows, by columns, left-looking, right-looking)

ÅIt can be decomposed in block operations



ScicomP15, Cell tutorial, May 18th 2009

CellSs: Programming examples

ÅIn each iteration red and blue blocks are updated

ÅSPOTRF: Computes the Cholesky factorization of the diagonal block .

ÅSTRSM: Computes the column panel

ÅSSYRK: Computes the row panel

ÅSGEMM: Updates the rest of the matrix

block_syrk
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CellSs: Programming examples

main (){

...

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

for (int i = j+ 1; i < DIM; i++){
// A[i,j] = A[i,j] - A[i,k] * (A[j,k])^t
css_sgemm_tile( A[i][k], A[j][k], A[i][j] );

}
}
for (int i = 0; i < j; i++){

// A[j,j] = A[j,j] - A[j,i] * (A[j,i])^t
css_ssyrk_tile(A[j][i],A[j][j]);

}

// Cholesky Factorization of A[j,j]
css_spotrf_tile( A[j][j] );
for (int i = j+ 1; i < DIM; i++){

// A[i,j] < - A[i,j] = X * (A[j,j])^t
css_strsm_tile( A[j][j], A[i][j] );

}
}

...

for (int i = 0; i < DIM; i++)
{

for (int j = 0; j < DIM; j++)
{

#pragma css wait on (A[i][j]) 
print_block(A[i][j]);

}

}
...   
}

#pragma css task input(A[ 64][ 64], B[ 64][ 64]) inout(C[ 64][ 64])

void sgemm_tile(float *A, float *B, float *C)

#pragma css task input (T[ 64][ 64]) inout(B[ 64][ 64])

void strsm_tile(float *T, float *B)

#pragma css task input(A[ 64][ 64]) inout(C[ 64][ 64])

void ssyrk_tile(float *A, float *C)

#pragma css task inout(A[ 64][ 64])

void spotrf_tile(float *A)

DIM

DIM

64

64

Cholesky factorization


