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Abstract

This paper presents preliminary experiments with
two scheduling policies in the work-stealing sched-
uler of WORMS runtime system. We evaluate Work-First
and Help-First policies with two micro-benchmarks: Fi-
bonacci and Fork-Join. Our experiments achieved ex-
pected results with Fibonacci, but unexpected ones with
Fork-Join.

1. Introduction

Managing the increasing degree of concurrency is a ma-
jor challenge in current and upcoming HPC systems. Task
parallelism in combination with an efficient runtime system
can assist programmers in exploiting all concurrency of cur-
rent architectures [2, 1].

An appropriate scheduler is a key component of an ef-
ficient runtime system. In WORMS [7] we use a sched-
uler based in a work stealing algorithm. In this paper, we
show preliminary results about the impact of work-first and
help-first policies in the work stealing scheduler used by
WORMS. The availability of both policies can provide bet-
ter performance because the programmer is able to choose
the most suitable policy to a certain pattern of parallelism.

The remainder of this paper is organized as follows: Sec-
tion 2 presents an overview about WORMS runtime sys-
tem. Section 3 presents two scheduling policies used in this
work: work-first and help-first, and the changes required to
support work-first in WORMS. Section 4 presents our ex-
perimental evaluation. Finally, Section 5 presents the con-
clusions and future works.

2. WORMS Runtime System

WORMS (WORk stealing scheduling for Multi-
CPU/GPU Systems) is a runtime system which targets
multi-CPU and multi-GPU architectures. WORMS sup-
ports task parallelism with dynamic task creation and
fully strict dependencies between tasks. The runtime sys-
tem allows two implementations for the same task: one
for CPU execution and another for GPU execution. At ex-
ecution time, WORMS decides which task implementa-
tion will be executed based on the available resources. Task
scheduling is done dynamically by a work stealing algo-
rithm.

In the WORMS programming model, each task is rep-
resented by an object with two virtual methods runCPU()
and runGPU(). Parallelism is unfolded by methods to cre-
ate new children tasks, e.g. taskSub(new Task). There are
also methods to force synchronization between tasks, allow-
ing parent tasks to wait for their children.

3. Work-First and Help-First Scheduling
Policies

The work-first principle is a set of design decisions
adopted in Cilk-5 implementation to minimize the schedul-
ing overhead [3]. In this work, we use the work-first and
help-first definitions proposed by Guo et al. [5].

The work-first and help-first concepts refer to which part
of the code is executed after a new task creation. In work-
first policy, the worker1 executes a created task and pushes
a continuation of the current task to the queue. If a work-
stealing scheduler is used, this continuation can be stolen by
another worker or popped by the same worker when the new
task’s execution completes. In contrast, in help-first policy,

1 In WORMS, the workers are called TaskProcessors.



when a new task is created, the worker executes the con-
tinuation of the current task and pushes the new task to the
queue. As in the work-first policy, a stacked task can be
stolen by another worker.

In general, work-first is used in language approaches to
task parallelism (e.g. Cilk [3]) while help-first is adopted in
library approaches (e.g. XKaapi [4]).

3.1. Changes in WORMS to support Work-First

In previous versions of WORMS [7, 8], the task creation
steps follow the help-first concept. In this model, new tasks
are submitted to parallel execution using taskSub method.
When taskSub is called, the new task (child) is pushed into
the queue (a deque(ue) in this case), and a counter is incre-
mented in the current task (parent).

In order to add support for the work-first concept, we cre-
ate two specializations of the taskSub method: taskSubHF
and taskSubWF.

The taskSubHF method has the same behavior of
taskSub in the previous versions. The taskSubWF imple-
ments the work-first policy. So, when a new task is created,
the state of the current task is saved, this continuation is
pushed to top of the deque and the execution of the new task
starts. When the continuation of a paused task is to be re-
sumed (popped by the same worker or stolen by other),
the state of this task is recovered and the execution contin-
ues in the next line after the line where taskSubWF was in-
voked. In this version of WORMS it is possible to use both
specializations of taskSub inside the same task without re-
strictions.

We use symmetric coroutines data structures from
Boost.Coroutine and Boost.Context libraries [6] to save
and restore the state of a running task.

4. Experiments

In this section, we present initial experiments with help-
first and work-first policies in WORMS. We use micro-
benchmarks to identify the behavior and the limitations of
both scheduling policies. In this case, micro-benchmarks
are useful to assess the overhead introduced by the poli-
cies in the management of the tasks.

4.1. Platform

Our experimental results were obtained on a multicore
system with two Intel Xeon E5-2630 hexa-core processors
at 2.30GHz with 32 GB of RAM. This system runs Ubuntu
Linux, version 12.04. WORMS and the micro-benchmarks
were compiled with g++ 4.8.1 (with -O2 optimization flag)
and Boost C++ Libraries 1.56. All experiments were exe-
cuted with up to 12 threads.
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Figure 1. Help-first vs Work-first with Fi-
bonacci micro-benchmark. (Smaller is better)

4.2. Micro-benchmarks

We use two micro-benchmarks: Fibonacci and Fork-
Join. Fibonacci is a case of recursive parallelism while
Fork-Join is a case of flat parallelism. In general, it is ex-
pected that work-first policy is better than help-first for re-
cursive parallelism and that help-first is the best policy for
flat parallelism. This is expected because the combination
of help-first with recursive parallelism or work-first with
flat parallelism increases the number of sequential steals (if
there are many workers).

The Fibonacci micro-benchmark computes recursively
the n-th number of Fibonacci sequence. In this work, we
compute Fib(35) without sequential threshold.

Fork-join micro-benchmark creates iteratively a large
number of tasks, and after waits for the end of all created
tasks.

4.3. Results

In this section, we present results obtained with the Fi-
bonacci and Fork-Join micro-benchmarks considering an
average of thirty executions.

Figure 1 shows the results of the Fibonacci micro-
benchmark with help-first and work-first policies. In
this experiment, as expected because it is a case of recur-
sive parallelism, the work-first policy outperforms help-first
for all number of cores used. Note that the speed-up is not
an important issue in this scenario because we are con-
sidering only the overhead introduced by both policies
and not the real computation performed to find the ele-
ment in the Fibonacci sequence.

Figure 2 shows the results of the Fork-Join micro-
benchmark with help-first and work-first. In this test
were created 1000000 dummy tasks. With Fork-Join
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Figure 2. Help-first vs Work-first with Fork-
Join micro-benchmark. (Smaller is better)

micro-benchmark, the work-first policy also outper-
formed help-first. However, for this case (flat parallelism),
it was expected that help-first would achieve the best per-
formance. We will investigate this unexpected behavior in
future works.

5. Conclusions

In this paper, we presented initial results about the im-
pact of work-first and help-first policies in the work steal-
ing scheduler of the WORMS runtime system. We also pre-
sented an overview about the two policies and the changes
made in WORMS to include support to work-first.

We evaluated both policies with two micro-benchmarks.
For Fibonacci, as expected, work-first presented better per-
formance than help-first. With Fork-Join, were obtained un-
expected results for flat parallelism (work-first was better
than help-first). We will study this behavior in next works.
It is possible that this behavior is related to the cost to save
the state of a running task or to the cost of synchronization
operations over the queues.

As future work, we plan to extend our evaluation to other
benchmarks and study the impact of these policies using not
only CPUs but also GPUs.
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