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Parallelism is Mainstream
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Fork-Join Parallelism

fork point join point
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parallel tasks
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Element to be processed
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TaskElement to be processed
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regular workloads

Element to be processed
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irregular workloads

Element to be processed
Performance
bottleneck
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Irregular Workloads

Sparse Tensor Algebra Graph Analytics



Existing Solutions

• OpenMP static scheduler

• OpenMP dynamic scheduler

• OpenMP guided scheduler
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automatic granularity control

performance guarantees

Heartbeat Scheduling
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automatic granularity control

performance guarantees

No Automation



Our Work
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Higher is better

program speedup



for Irregular Workloads
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HBC outperforms the state-of-the-art granularity control solutions 
for irregular workloads!



Background: Heartbeat Scheduling
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Element to be processed

[1] Umut A. Acar, Arthur Charguéraud, Adrien Guatto, Mike Rainey, and Filip Sieczkowski. 
Heartbeat scheduling: provable efficiency for nested parallelism. PLDI 2018
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heterogenous tasks
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inner_loop(3, 7)

outer_loop(1, 2)
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inner_loop(3, 7)

outer_loop(1, 2)

Missing Computation!
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leftover_task (3, 7)

outer_loop(1, 2)

Leftover Computation



automates leftover task generation
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loop A

loop B loop C loop D

loop E loop F loop G

A 3-level loop nesting tree with 7 parallel-for loops

leftover E to B leftover F to B

leftover E to A

leftover F to A

leftover G to D

leftover C to A
leftover G to A

leftover D to A

Nesting tree depth: D
Maximum sibling loops among all 
levels: smax
Total leftover tasks: O(D2 x smax)



Heartbeat Delivery
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hardware interrupt software polling

v.s.

software polling achieves the same performance 
against a state-of-the-art, dedicated kernel 
module for heartbeat delivery! 



28

cycles

3800



29

0
time



30

0
time

Adaptive Chunking (AC)
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hardware interrupt software polling
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Benchmarks



vs Manual Implementation (TPAL1)
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HBC delivers comparable performance against the state-of-the-art 
manual implementation of heartbeat scheduling!

[1] Mike Rainey, Ryan R. Newton, Kyle Hale, Nikos Hardavellas, Simone Campanoni, Peter Dinda, 
and Umut A. Acar. Task parallel assembly language for uncompromising parallelism. PLDI 2021



int chunk_size;
for (; startIter < maxIter; startIter += chunk_size) {

chunk_size = get_chunk_size();

  int low = startIter;
  int high = startIter+chunksize > maxIter ? maxIter : startIter+chunksize;
  for (; low < high; low++) {
    // loop_body();
  }
}

Use chunk size dynamically



for Regular Workloads



Software Polling Overhead



Tuning OpenMP chunk size



Why Adaptive Chunksize?



Heartbeat Detection
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