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OpenMP Tasks

Task = self-contained unit of work + data

Create — Schedule — Do

o Creation: task[loop]

@ Synchronisation: taskgroup, taskwait, depend(...)

int fibonacci(int n) {
int i, j;
if (n<2) return n;
#pragma omp task shared(i) firstprivate

(n)
i = f(n-1);
#pragma omp task shared(j) firstprivate
(n)
j = f£(n-2);

#pragma omp taskwait
return i+j;
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The Problem

Want a " big picture” view of task-based code — how?
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Figure 1: Performance analysis of a task-based Sudoku solver visualised in
Vampir. Reproduced from [4].
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Otter

A tool for visualising task creation and synchronisation

OMPT [1] + OTF2 [2] — Otter [6]

@ Visualise OpenMP task creation and synchronisation constructs
@ Non-invasive

@ Observe nested tasks & nested parallelism

o Callback-based (LLVM OMPT)

o OTF2 instrumentation layer
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Example: fibonacci(5)

int fibonacci(int n) {
int i, j;
if (n<2) return n;
#pragma omp task shared(i)
firstprivate (n)
i = f(n-1);
#pragma omp task shared(j)
firstprivate (n)
j = £(n-2);

#pragma omp taskwait
return i+j;
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Example: 2D Euler Equations Solver

primary sweep

enclave tasks
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secondary sweep

Figure 3: A single timestep observed by
Otter. Each task contains a domain
traversal and background "enclave”

Figure 2: A single timestep in the 2D
Euler solver, spawning background tasks
for greater concurrency. Reproduced
from [5]. tasks.
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Tasking Inefficiencies Observed in LLVM RTL
;f: \ f:

(a) Well-balanced setup (b) Nl-balanced setup

Figure 4: Analysis of five time-steps with OMP_NUM_THREADS=4. Reproduced from

[5].

@ Number of queued tasks is capped at c. 1000 (4 threads).
@ Pending tasks are processed immediately (unavailable for backfill).

@ Need to be able to inform runtime to hold tasks back.
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API for data-driven taskification
Measure work per task

Support depend clause

Detect critical path

Relate to source

Target tasks

Device tracing

Other tasking runtimes
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Conclusion

Can visualise task creation and synchronisation

Provide data-driven insight into task-based code

Unobstructed by particular task scheduling arrangement

@ Need outstanding OMPT callbacks in LLVM
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Thank You!
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Example: Single Taskloop

#pragma omp parallel num_threads (2)

#pragma omp single nowait
#pragma omp taskloop nogroup
for (int j=0; j<4; j++)
{

// do work
}
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Post-processing Algorithm

a)Events are grouped in (possibly
nested) chunks corresponding to
athread's view of a parallel,
single, master or task region.

b)Chunks generate sub-graphs of the final
graph. Labels indicate the thread-event
pair represented. Dashed black lines show
chunk borders and red lines connect nodes
representing the same OpenMP construct
as viewed by different threads.

c)The disjoint union of the sub-graphs in (b)
produces the final graph with equivalent
nodes and chunk borders collapsed, and
nodes coloured by the type of OpenMP
construct they represent.

Thread o:

o) parallel-begin

1) Implicit-task-begin Parallel begin
2) Single-executor-begin Chunk ]

3) Taskloop-begin

4-7) Task-create * 4 Chunk 1]
8) Taskloop-end

single begin

Taskloop begin
9) Single-executor-end

10) Implicit-barrier-begin Task create * 4
11) Implicit-barrier-end
12) Implicit-task-end

13) Parallel-end

Taskloop end

Thread 1: Single end
0) Implicit-task-begin

1) single-other-begin Implicit barrier
2) Single-other-end begin/end

3) Implicit-barrier-begin
4) Implicit-barrier-end

Parallel end
5) Implicit-task-end
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Allowed values of ompt_set _callback

Table 4.2 of [3]:

Return code abbreviation N S/P A Return code abbreviation N S/P A
ompt_callback_thread_begin Y ompt_callback mutex released Y Y Y
ompt_callback_thread_end Y ompt_callback-dependences Y Y Y
ompt_callback_parallel begin Y ompt_callback task dependence Y Y Y
ompt_callback_parallel_end Y ompt_callback _work Y Y Y
ompt_callback_task_create Y ompt_callback master Y Y Y
ompt_callback task_schedule Y ompt_callback target map Y Y Y
ompt_callback_implicit_task Y ompt_callback_sync_region Y Y Y
ompt_callback_target Y ompt_callback reduction Y Y Y
ompt_callback_target_data_op Y ompt_callback-lock-init Y Y Y
ompt_callback_target_submit Y ompt_callback-lock_destroy Y Y Y
ompt_callback_control_tool Y ompt_callback-mutex_acquire Y Y Y
ompt_callback device_initialize Y ompt_callbackmutex_acquired Y Y Y
ompt_callback device_finalize Y ompt_callback-nest_lock Y Y Y
ompt_callback_device_load Y ompt_callback_flush Y Y Y
ompt_callback_device unload Y ompt_callback_cancel Y Y Y
ompt_callback_sync_region wait Y Y Y ompt_callback dispatch Y Y Y

N = ompt_set _never, S = ompt_set_sometimes, P =
ompt_set_sometimes_paired, A = ompt_set_always
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Interpretation

Region Symbols
parallel . implicit barrier
. initial task . taskwait
D explicit task . taskgroup
. master

L

taskloop

single

for-loop

Figure 5: Node style encodes the type of OpenMP construct.
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Otter - An OMPT Tool for Tracing OpenMP Tasks

Otter is a tool for visualising the structure of task-based OpenMP programs allowing developers and researchers to
see the true structure of their OpenMP 5.0 programs from the perspective of the OpenMP runtime, without any
modification of the target application.

Otter uses the OpenMP Tools interface in OpenMP 5.0 to observe task creation and synchronisation events, extracting
from this data the structure of a target application independent of the particular scheduling of tasks at runtime.

github.com /adamtuft/otter
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