


HPC

Embedded 
systems



Performance 
/ Scalability

Rely on run-time mechanisms to 
exploit the performance 
capabilities of parallel platforms

Portability
The same source code is valid in 
different platforms, including SMP 
and heterogeneous systems

ProgrammabilityProgrammability
Abstracts the parallelism while 
hiding the complexities of the 
underlying computing platformHPC

Embedded 
systems
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Fools ignore complexity.
Pragmatists suffer it.
Some can avoid it.
Geniuses remove it.
Alan Perlis
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• 1:  int main (void) {
2:  // Thread pool spawns, like #pragma omp parallel
3:  // Only one thread executes, like #pragma omp single
4:  int x[10], a;
5:  for (int i = 0; i<4; ++i) {
6:    
7:    
8:    
9:    
10:   
11: }
12: 
13: return 1;
14: // Thread pool is joined, like #pragma omp barrier
15: }



•

•
task

1:  int main (void) {
2:  // Thread pool spawns, like #pragma omp parallel
3:  // Only one thread executes, like #pragma omp single
4:  int x[10], a;
5:  for (int i = 0; i<4; ++i) {
6:    // Creation of tasks
7:    #pragma oss task
8:    {...}
9:    #pragma oss task
10:   {...}
11: }
12: 
13: return 1;
14: // Thread pool is joined, like #pragma omp barrier
15: }
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task
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1:  int main (void) {
2:  // Thread pool spawns, like #pragma omp parallel
3:  // Only one thread executes, like #pragma omp single
4:  int x[10], a;
5:  for (int i = 0; i<4; ++i) {
6:    // Creation of tasks
7:    #pragma oss task shared(x)
8:    {...}
9:    #pragma oss task shared(x)
10:   {...}
11: }
12: 
13: return 1;
14: // Thread pool is joined, like #pragma omp barrier
15: }
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1:  int main (void) {
2:  // Thread pool spawns, like #pragma omp parallel
3:  // Only one thread executes, like #pragma omp single
4:  int x[10], a;
5:  for (int i = 0; i<4; ++i) {
6:    // Creation of tasks
7:    #pragma oss task shared(x) out(x[i])
8:    {...}
9:    #pragma oss task shared(x) in(x[i])
10:   {...}
11: }
12: #pragma oss taskwait
13: return 1;
14: // Thread pool is joined, like #pragma omp barrier
15: }
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1:  int main (void) {
2:  // Thread pool spawns, like #pragma omp parallel
3:  // Only one thread executes, like #pragma omp single
4:  int x[10], a;
5:  for (int i = 0; i<4; ++i) {
6:    // Creation of tasks
7:    #pragma oss task shared(x) out(x[i]) label(T1)
8:    {...}
9:    #pragma oss task shared(x) in(x[i]) label(T2)
10:   {...}
11: }
12: #pragma oss taskwait label(T3)
13: return 1;
14: // Thread pool is joined, like #pragma omp barrier
15: }

T1

T2

T1

T2

T1

T2

T1

T2

T3



• in out inout

• concurrent

• commutative

•

1:  #pragma oss task out(a) out(b) label(T1)
2:  {...}
3:  for (int i = 0; i<2; ++i)
4:    #pragma oss task commutative(a) label(T2)
5:    {...}
6:  for (int i = 0; i<2; ++i)
7:    #pragma oss task concurrent(b) label(T3)
8:    {...}
9:  #pragma oss taskwait in(a) label(T4)
10: #pragma oss taskwait in(b) label(T5)

T1

T2x

T2y

T30 T31

T4

T5
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1:  int x, y;
2:  #pragma oss task weakout(x) out(y) label(T1)
3:  {
4:    #pragma oss task out(x) label(T2)
5:    { x = 1; }
6:    y = 2;
7:  }
8:  #pragma oss task in(x) label(T3)
9:  { assert(x == 1); }
10: #pragma oss task in(y) label(T4)
11: { assert(y == 2); }
12: #pragma oss taskwait label(T5)

T1

T2

T3
T4

T5



1:  int data[size];
2:
3:  #pragma oss task out(data[0; size]) label(T1)
4:  { 
5:   for (int i = 0; i < size; i += chunk_size) {
6:   for (int j = i; j < chunk_size; j++)
7:   fast_process(&data[j]);
10:    }
11:   #pragma oss release out(data[i;chunk_size])
12:  }
13:  for (int i = 0; i < size; i += chunk_size) {
14:  #pragma oss task in(data[i; chunk_size]) label(T2)
15:  { 
16:   slow_process(&data[i], chunk_size);
17:  
18:  }
19: }

release
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1.
•
•

2.
•
•

3.
•
•



int i;
#pragma oss task
{
   for (i=0 ; i<10 ; i++)

...
}

Autoscoping
Analysis & 

Transformation

Executable
binary

int i;
#pragma oss task private(i)
{

for (i=0 ; i<10 ; i++)
...

}

Intermediate
Representation

Intermediate 
Representation CodeGen

Obtain Task
Synchronization Points

Obtain Task 
Concurrent Code

Determine scope of Task 
Variables



1:  int x = 1;
2:  #pragma oss task weakin(x) out(y) label(T1)
3:  {
4:    #pragma oss task out(y) label(T2)
5:    { y = 1; }
6:    #pragma oss task inout(y) in(x) label(T3)
7:    {
8:      // Here, y might be 1 or 2
9:      assert(x == 1);
10:     y += x;
11:   }
12:   y ++;
13:   #pragma oss taskwait in(y)
14:   assert(y == 3);
15: }



1:  int x = 1;
2:  #pragma oss task weakin(x) out(y) label(T1)
3:  {
4:    #pragma oss task out(y) label(T2)
5:    { y = 1; }
6:    #pragma oss task inout(y) in(x) label(T3)
7:    {
8:      // Here, y might be 1 or 2
9:      assert(x == 1);
10:     y += x;
11:   }
12:   y ++;
13:   #pragma oss taskwait in(y)
14:   assert(y == 3);
15: }



1:  int x = 1;
2:  #pragma oss task weakin(x) out(y) label(T1)
3:  {
4:    #pragma oss task out(y) label(T2)
5:    { y = 1; }
6:    #pragma oss task inout(y) in(x) label(T3)
7:    {
8:      // Here, y might be 1 or 2
9:      assert(x == 1);
10:     y += x;
11:   }
12:   y ++;
13:   #pragma oss taskwait in(y)
14:   assert(y == 3);
15: }



Variables’ use

Variable
T3 Concurrent T3

Read Written Read Written

X Yes No No No

Y Yes Yes Yes Yes



Variables’ use

Variable
T3 Concurrent T3

Read Written Read Written

X Yes No No No

Y Yes Yes Yes Yes

→ firstprivate
→ → firstprivate



Benchmarks

Alignment

FFT

Fib

Health

Floorplan

Nqueens

Sort

SparseLU

UTS

Cholesky

Saxpy

Matmul

TOTAL

Description

#tasks nested tasks method

1 no iter

41 no rec

2 no rec 

2 yes iter&rec

1 no iter&rec

1 no iter&rec

9 yes rec

4 yes iter

2 no iter&rec

4 no iter

2 yes iter

2 yes iter

LLVM Results

shared private firstprivate undefined (%) success

2 4 14 0 100%

102 0 140 0 100%

2 0 3 0 100%

1 1 3 0 100%

3 1 9 2 86.66%

2 0 4 0 100%

27 0 10 0 100%

4 3 11 0 100%

2 1 3 0 100%

4 0 12 0 100%

4 0 3 0 100%

3 0 8 0 100%

98.88%
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int array[10];
#pragma oss task out(array)
{
   for (i=0 ; i<10 ; i++){

array[i]=i;
   }
}

Autorelease
Analysis & 

Transformation

Executable
binary

int array[10];
#pragma oss task out(array)
{
   for (i=0 ; i<10 ; i++) {

array[i]=i;
#pragma oss release out(array[i])

   }
}

Intermediate
Representation

Intermediate 
Representation CodeGen

Compute Task
Variables liveness

Introduce releases

Simplify releases 
(Optional)



1:  #pragma oss task out(data[0; size])
2:  for (int i = 0; i < size; i += chunk_size) {
3:    // data[i;chunk_size] is used
4:    for (int j = i; j < chunk_size; j++) {
5:       fast_process(&data[j]);
6:       // data[j] is never used again
7:       // i and j are used in the
8:       // respective loop increments
9:    }
10: }

…

 … ... ... ... ...

size

chunk_size

data



…

1:  #pragma oss task out(data[0; size])
2:  for (int i = 0; i < size; i += chunk_size) {
3:    // data[i;chunk_size] is used
4:    for (int j = i; j < chunk_size; j++) {
5:       fast_process(&data[j]);
6:       // data[j] is never used again
7:       // i and j are used in the
8:       // respective loop increments
9:    }
10: }



…

1:  #pragma oss task out(data[0; size])
2:  for (int i = 0; i < size; i += chunk_size) {
3:    // data[i;chunk_size] is used
4:    for (int j = i; j < chunk_size; j++) {
5:       fast_process(&data[j]);
6:       // data[j] is never used again
7:       // i and j are used in the
8:       // respective loop increments
9:    }
10: }



…

1:  #pragma oss task out(data[0; size])
2:  for (int i = 0; i < size; i += chunk_size) {
3:    // data[i;chunk_size] is used
4:    for (int j = i; j < chunk_size; j++) {
5:       fast_process(&data[j]);
6:       // data[j] is never used again
7:       // i and j are used in the
8:       // respective loop increments
9: #pragma oss release (data[j]);
10:   }
11: }



…

1:  #pragma oss task out(data[0; size])
2:  for (int i = 0; i < size; i += chunk_size) {
3:    // data[i;chunk_size] is used
4:    for (int j = i; j < chunk_size; j++) {
5:       fast_process(&data[j]);
6:       // data[j] is never used again
7:       // i and j are used in the
8:       // respective loop increments
9:    }
10:   #pragma oss release (data[i;chunk_size]);
11: }



…

1:  #pragma oss task out(data[0; size])
2:  for (int i = 0; i < size; i += chunk_size) {
3:    // data[i;chunk_size] is used
4:    for (int j = i; j < chunk_size; j++) {
5:       fast_process(&data[j]);
6:       // data[j] is never used again
7:       // i and j are used in the
8:       // respective loop increments
9: #pragma oss release (data[j]);
10:   }
11:   #pragma oss release (data[i;chunk_size]);
11: }



…

1:  #pragma oss task out(data[0; size])
2:  for (int i = 0; i < size; i += chunk_size) {
3:    // data[i;chunk_size] is used
4:    for (int j = i; j < chunk_size; j++) {
5:       fast_process(&data[j]);
6:       // data[j] is never used again
7:       // i and j are used in the
8:       // respective loop increments
9: #pragma oss release (data[j]);
10:   }
11:   #pragma oss release (data[i;chunk_size]);
11: }



1:  int data[size];
2:
3:  #pragma oss task out(data[0; size]) label(T1)
4:  { 
5:    for (int i = 0; i < size; i += chunk_size) {
6:    for (int j = i; j < chunk_size; j++)
7:       process(&data[j]);
8:        //Release within loop (data[j])
9:      }
10:     //Release outside loop (data[i;chunk_size])
11:   }
12:   for (int i = 0; i < size; i += chunk_size) {
13:     #pragma oss task in(data[i; chunk_size]) label(T2)
14:     { 
15:       slow_process(&data[i], chunk_size);
16:     }
17:   }
18: }

Execution time (us)

process Super fast process Fast process

No release 46,747,405 36,233,344

Release within loop 40,607,605 26,570,543

Release outside loop 35,894,357 26,533,354

Variables

process Super fast process Fast process

execution time 100 us 1000 us

size 200,000 20,000

chunk_size 10,000 1,000

chunk_size

size

data  … ... ... ... ...
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LLVM OmpSs 
Transformation

LLVM OmpSs 
Analysis

Auto-scope

Auto-release

Clang Frontend LLVM Codegen
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•

•
• commutative

• concurrent

• release



1.

2.

3.

1.

2.

3. detach





Used in 
concurrent code?

Only readed 
within the task?

Used in not 
reachable code?

Only readed?

Race condition? First use is 
readed?

First use is 
written?

Is global variable or alive 
after Next Syncs?


