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Introduction

With the emergence of modern multi-core processors dynamic scheduling algorithms
have gained interest. In these algorithms tasks are dynamically assigned, during the
execution, to each one of the processor cores involved in it. Work stealing algorithms,
which are this work’s subject of study, are among the most popular approaches for
dynamic scheduling. The main goal of this work is then to understand, review and
look for improvement points in the classical Work stealing algorithms. As a result of
this study, a new Work stealing algorithm, based on a priority assigned to each task
in the computation, is proposed.

In the first chapter, we give context to Work stealing algorithms and discuse the
two classical Work stealing algorithms which are the FIFO and LIFO based ones. In
the second chapter we introduce the priority-based Work stealing algorithm that we
are proposing in this work. Also, we outline the execution of a program that allowed
us to simulate, evaluate and ran experiments on the Work stealing algorithms studied
in this thesis. In the third chapter we explain the tests made and present the results
obtained. Finally, in the fourth chapter, we conclude and open the window for future
works.



Chapter 1

What is Work stealing?

The purpose of this chapter is to give meaning and to understand the “world” in which
Work stealing lives. To do so we will first talk about schedulers in multithreaded
computations. In second place, we will give ourselves a model for multithreaded
computations to work with and we will understand how a Work stealing scheduler
operates. Finally, we conclude this chapter studying the most classic Work stealing
algorithms.

1.1 Giving context to Work stealing

Many techniques for scheduling aperiodic tasks in multithreading computations have
been developed [DB11]. Plenty of the work in this area deals with static scheduling
algorithms, i.e., algorithms which compute beforehand what tasks are going to be ex-
ecuted in each of the cores of the processor involved in the computation and in what
moments. One of the major advantages of these algorithms is their predictability
since, for a given static schedule, it is straightforward to derive information on the
application’s timing. However, static scheduling algorithms require precise informa-
tion on the execution times of the tasks to be scheduled, which are hard to obtain
for modern multicore processors. Moreover, static schedulers heavily depend on the
architecture of the machine where the application is going to be executed, which sev-
erily affects portability [MSR12].

Unlike static scheduling, dynamic scheduling is performed on-the-fly. With the emer-
gence of multicore processors, dynamic scheduling has gained interest given the fact
that many applications create dynamically changing sets of tasks that need to be
scheduled among the processor cores. The main advantages of dynamic scheduling
algorithms for multicore systems are automatic load balancing and improved porta-
bility. The downside, on the other hand, is a limited predictability since there is
usually little information about the timing.

Work stealing stands as one of the most widely approaches for dynamic schedul-
ing. The idea behind work stealing is that an idle processor core “steals” work from
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other randomly chosen core. A core is said to be idle if the queue that stores ready
tasks is empty, and thus there is no need to migrate tasks between the cores if all of
them are busy. Among the benefits of work stealing are [NW10]:

e Scalability with respect to the number of processor cores.
e Idle-initiative task migration minimizes the scheduling overhead.
e Communication overhead is kept low by taking into account data locality.

Work stealing has been employed in many frameworks for parallel programming
[BJK95] and has found plenty of applications from simple divide-and-conquer al-
gorithms [CLRS09] to more complex stream processing applications [AG09].

1.2 A model for multithreaded computations

We can think of a multithreaded computation as a connected Directed Acyclic Graph
(DAG) in which every node represents a unit-size task and each edge models the de-
pendency among these tasks [BL99], i.e., a task cannot be executed if its parent tasks
have not been executed yet. Moreover, multithreaded computation DAGs strictly
have only one root and one sink representing the first and last tasks in the computa-
tion. Therefore, a execution schedule for a multithreadeding computation must obey
the constraints imposed by the topology of the DAG that is modeling it.

We can quantify and bound the execution time of a multithreaded computation on
a multicore processor. For a given computation, let T'(S) denote the time to execute
the computation using an n-core processor execution schedule § and let

T, = rrglnT(S).

Thus, T} would be the amount of time that takes a processor with one core to execute
the whole computation and T, the time that would take a processor with an arbitrar-
ily large number of cores to execute it. Note that these quantities are proportional
to the number of vertices of the DAG modelling the execution and its longest path
respectively. An m-core processor scheduler satisfies the Greedy property if at each
step of the execution, in which at least n tasks are ready, then n tasks execute. And,
if fewer than n tasks are ready, then all execute [BL99|. We then have the following
bound for greedy schedulers:

Theorem 1.2.1. (Greedy-Scheduling Theorem) For any multithreaded computation
and any greedy schedule S,

T(S) < 1 4 T
n

As mentioned in Section 1.1, in a work stealing scheduler, each processor core has
a ready dequeue, which is a double-ended queue that stores tasks to be executed. Each



core successively dequeues task from its ready dequeue, executes it and continues with
the next task in its ready dequeue. A task, of course, may spawn new tasks which
represent the children of a given vertex in the DAG modelling the execution. These
spawned tasks are enqueued in the ready dequeue of the processor that executed its
parent. Notice, however, that this do not imply that all the parents of the spawned
tasks have been executed. If a core attempts to execute one of these tasks, the core
is said to be stalled. For example, in Figure 1.1, after executing Task 1, the left-most
processor spawned four tasks, which are then enqueued in its ready dequeue. If the
ready dequeue of a core happens to be empty, that is, if the core is idle, it begins work
stealing. When work stealing, a core steals a task from other core’s ready dequeue.
In the example of Figure 1.1, the idle processor cores steal tasks 2,3 and 4 from the
left-most core ready dequeue.

Queue A Queue B Queue C Queue D

Task2 |----q---"-"-"-"-""“"}-"""-"~""-"-"---- F-s
Task 3 il i --
Task 4 -
Task 5

Figure 1.1: Work stealing scheduler on a system with four processor cores.
Taken from: [MSR™12]

Until now we have not discussed the policies that rule the stealing, and local
enqueuing and dequeuing of tasks. This is discussed in the following section.

1.3 Work stealing algorithms

In the literature, there are two major algorithms for scheduling multithreaded compu-
tations using work stealing which also satisfy the greedy property [BL99, MSR*12].
The main difference between these algorithms is that stealing, local enqueueing and

dequeueing is made following First In First Out (FIFO) and Last In First Out (LIFO)
policies which we explain now.

In the LIFO work stealing algorithm each one of the cores of the processor executing
the computation follows three rules:

1. Spawns. If a core executed a task that spawns a set of tasks A, then the
elements of A are placed at the bottom of the ready dequeue of the core, and
in the next step the core begins to work on the bottom-most task.

2. Stalls. 1f a core stalls, then it checks its ready dequeue and starts working on
the bottom-most task. If the ready dequeue is empty, the processor begins work
stealing.



3. Stealing. When work stealing, a core steals the top-most task from the ready
dequeue of a randomly chosen processor and begins working on it. If the victim’s
ready dequeue is empty, the core tries again picking another core at random.

The main motivation for cores accesing their ready dequeues in LIFO order is that
most tasks share data with their parent task, that is, the task that spawned them.
Hence, when a newly created task is executed, it is very likely that the required data
is still in the caches of the processor [ABB00|. However, this approach is not fair
in the sense that a task in the top of the ready dequeue of a core might never be
executed if all worker threads are busy. Thus, there is not guarantee that a run is
executed continuously, and there will be no upper bound on the time span between
creation and execution of a task.

A FIFO work stealing algorithm is proposed as a solution that addresses the fair-
ness problem [MSR*12|. If the first enqueued task is the first one to be executed
then there will not be tasks perpetually waiting to be executed. This algorithm
works similarly as the previous one. As mentioned, there are differences which lie in
the way of enqueueing, dequeueing and stealing tasks. The following rules explain
this process:

1. Spawns. Spawned tasks are enqueued at the top of the ready dequeue of the
core. As in the LIFO case, the core always executes the bottom-most task in
its ready dequeue.

2. Stalls. Is done the same as for the LIFO algorithm.

3. Stealing. When work stealing, a core always steals the bottom-most task from
other core’s ready dequeue.
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Chapter 2

Priority-based Work stealing &
Modelling of the problem

None of the algorithms reviewed in the last chapter considers the dependence among
the tasks. This is why we propose, in the first part of this chapter, a new Work
stealing algorithm based on a priority assigned to each task in the computation.

In order to benchmark and compare the efficiency of the three Work stealing algo-
rithms studied in this thesis, we first need to simulate a multithreaded computation.
Therefore, in the second part of this chapter, we review the main components of a
program that we wrote which models multithreaded computations and we outline, as
well, its operation.

2.1 Priority-based Work stealing

Based on the review of the work stealing algorithms presented in Section 1.3, we no-
tice that none of these take into account the amount of tasks depending on the ones
that are being enqueued or dequeued. Tasks that have many children may be poten-
tial bottle necks during the execution and should be given priority when a processor
core is dequeuing tasks from its ready dequeue.

This observation serves as motivation for the Priority-based work stealing algorithm
proposed in this thesis. The basic idea is to steal, enqueue and dequeue tasks ac-
cording to a priority assigned to each task in the computation. The priority of a
task will depend, by definition, on how critical is the task for the computation in
the sense of how likely is it to generate bottle necks during the execution. A good
way to measure this is through the longest path of a vertex since the longer the
longest path of a vertex, the more tasks will depend on it and the higher will be the
probability that the task will be a bottle neck. Thus, we define the priority of a task
or vertex as its longest path to the sink vertex of the DAG modeling the computation.
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A processor core running the priority-based work stealing algorithm must follow the
rules:

1. Spawns. If a core executed a task that spawns a set of tasks, A, then the
elements of A are inserted by priority order in the ready dequeue of the processor
core. The ready dequeue of every core is ordered in descending priority order.
In the next step, the core begins to work on the bottom-most task, i.e., the task
with the highest priority.

2. Stalls. 1f a core stalls, then it checks its ready dequeue and starts working on
the bottom-most task. If the ready dequeue is empty, the processor begins work
stealing.

3. Stealing. When work stealing, a core steals the bottom-most task from the
ready dequeue of a randomly chosen processor and begins working on it. If the
victim’s ready dequeue is empty, the core tries again picking another core at
random.

2.2 Modeling and implementation

We decided to use Java as the implementation language for a program that helps to
benchmark and compare the performance of the three schedulling algorithms. The
first problem to address is how to model a multithreaded computation. As we have
already seen, DAGs serve us on this purpose. The second problem is the representa-
cion of a core processor and threads are helpful with this. Thus, the program written
is essentially a bunch of threads, which represent the cores of the processor executing
the multithreaded computation, that are visiting synchronically and subject to the
policies of the work stealing algorithms each one of the vertices in the DAG modeling
the computation. More details on the implementation of the model will be explained
now.

2.2.1 DAG generation

Let G = (V, E) be a directed graph where V' is the set of vertices and E the set of
edges between elements in V. Vertices are labeled with the numbers 1,..., N and
let A(G) be the adjacency matrix of G. Remember that A(G) is the V' x V matrix
whose entries are given by

1 if there is a directed edge from vertex j to vertex i,

A(G)y; = {

0 otherwise.

for all 1 <i,5 < N. Also, recall that a graph G is a DAG if and only if G admits a
topological order. Thus, one can label the vertices of a DAG in such a way that its
adjacency matrix is strictly lower triangular.
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Conversely, if the adjacency matrix of a graph G is strictly lower triangular, then
G is a DAG. In the context of this project, we are interested in generating strictly
lower triangular matrices in which the only zero rows and columns are, respectively,
the first and the last one. Note that having more than one zero column implies that
the DAG has more than one root and, similarly, having more than one zero row would
imply that the DAG has more than one sink which is not the case we are interested in.

When generating DAGs, we also take into account its density, i.e., the ratio between
the number of edges and the number of vertices. For this, we follow Erd&s-Rényi
model which, broadly speaking, tells us that a graph is constructed by connecting
vertices randomly. In particular, each edge is included in the graph with probability
0 < p < 1 independent from every other edge. A pseudocode for a DAG generator is
now presented in Algorithm 1.

Algorithm 1: Generate the adjacency matrix for a DAG, modeling a mul-
tithreaded computation, with N vertices and density p.

1. Set a number of vertices N > 0 and a density 0 < p < 1.
2. Create a N x N matrix, M.

3. For 0 <j < N and 0 <1t < j, assign 1 to M;; with probability p and 0
with probability 1 — p.

4. If one row or column happens to be entirely of zeroes, iterate over its
entries and assign 1 with probability p and 0 with probability 1 — p.

Result: The N x N matrix M which is the adjacency matrix of the DAG
modeling a multithreaded computation.

2.2.2 Priorities algorithm

As discussed in Section 2.1, we define a work stealing strategy based on a priority
function given by the longest path from a vertex to the sink vertex of the DAG model-
ing the execution. Therefore, given two vertices , j in the DAG, the vertex i will have
more priority than j if the longest path from i has greater length than the longest
path from j. The pseudocode for the algorithm, inspired in lecture notes in [Khall],
that computes the longest path from each vertex in a DAG is shown in Algorithm 2.

13



Algorithm 2: Compute the longest path or priority of all the vertices in a
DAG modeling a multithreaded computation.

1. Set a DAG, G = (V, E), that models a multithreaded computation.

2. Create an array, priority, of size N = |V, that will store the longest path
from each vertex. More precisely, priority[i] := Longest path from vertex
1e V.

3. Define d : V' — N as d(7) := Longest path from vertex i. Note that

d) =  Maer{dy) +1} £ N,
0 if i = .

4. Fill out the array priority setting priority[i] = d(i).

Result: The array priority filled with the corresponding longest paths from
each one of the vertices of G.

Remark 2.2.1. It is sufficient, in Algorithm 2, to calculate d(1). The vertex 1 is
connected to every vertex 1 < i < N so d(i) will be calculated recursively at some
point in the execution of the algorithm.

2.2.3 Work stealing scheduler program

There are six Java classes in the program modeling our work stealing scheduler:
1. A DAG generator that implements the algorithm described in Subsection 2.2.1.

2. One that implements the algorithm described in Subsection 2.2.2; which calcu-
lates the priority of each vertex in the graph generated by the DAG generator.

3. The class modeling a processor core which is implemented using threads.

4. A class for the work stealing manager, which synchronizes work stealing among
the processors. This is also implemented with the help of threads.

5. A class that updates and manages the state of the multithreaded computation.
This class knows how many processors are executing the computation, which
vertices of the DAG have been visited, are enqueued in the ready dequeue of a
processor core and how many of its parents have not been executed yet.

6. A controller class that receives a DAG and a number of processors, creates the
corresponding instances of the classes described above and starts the execution.

14



Now we outline the operation of the program. Users enter a number of vertices and
a density for the DAG that is going to model the multithreaded computation, the
number of processors that are going to visit the DAG or execute the multithreaded
computation and chooses one of the three Work stealing algorithms that will rule the
local enqueuing, dequeuing and stealing.

Then, the DAG generator creates a graph with the number of vertices and den-
sity given by the user. This DAG and the number of processors are passed to the
controller which creates the processors, the stealing manager and the multithreaded
computation manager. If the Work stealing algorithm chosen is the priority-based
algorithm, the multithreaded computation manager calls the class that calculates the
priority of each one of the vertices. Once all the objects involved in the computation
have been created, the controller starts the processors and the work stealing manager.
Each one of the threads representing the cores and the work stealing manager will
be alive while there are unvisited vertices in the DAG modeling the multithreaded
computation.

Just after execution starts, core processor with id 0 executes the first task in the
DAG. When a core visits a vertex in the DAG, it marks the task as visited in the
multithreaded computation manager, then looks for the children of this task that
have not been enqueued by another core and adds them to its ready dequeue follow-
ing the rules of the Work stealing algorithm governing the execution. Then, the core
checks its ready dequeue and executes the next task according to the rules of the
Work stealing algorithm. Recall that if all the parents of the task that the processor
core is attempting to execute have not been executed yet, the core stalls meaning
that it looks in its ready dequeue for another task to execute. The search can be
made from the top-most task to the bottom-most or the other way around according
to the policies of the Work stealing algorithm. If the core fails to find a task ready
to execute, it begins work stealing.

Remember, a processor core begins work stealing if either its ready dequeue is empty
or is stalled and fails to find a task ready to execute in its ready dequeue. In this case,
the core informs the multithreaded computation manager that is looking for a vertex
to steal. Multithreaded computation manager adds the core to the pool of processor
cores looking for vertices to steal and puts it on hold. Meanwhile, the stealing con-
troller is looking for “victims” among the cores that are not stealing, i.e., is looking for
cores that have tasks available in their ready dequeues to be stolen. A core is chosen
as victim if it has more than one task in its ready dequeue. In this case it gives to
to the multithreaded computation manager the top-most or bottom-most task in its
ready dequeue according to the Work stealing algorithm. The multithreaded compu-
tation manager gives the stolen task to one of the cores in the pool and in the next
step this attempts to execute the stolen task. It may happen that all the cores are
stealing at the same time which produces a dead-lock. To address this problem, if the
number of cores work stealing at any given step equals the number of cores executing
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the computation, the pool of cores in hold is emptied and, in the next step, each core
attempts to execute the top-most or bottom-most task of its ready dequeue according
to the rules of the Work stealing algorithm.
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Chapter 3

Tests & Results

3.1 Design of experiments

As mentioned in Section 2.2, we intend to benchmark and quantify the performance
of the three Work stealing algorithms under evaluation which are FIFO, LIFO, and
the priority-based one. For our benchmarks, we measured both the total execution
time of the program, and the load of each processor core. For the first, we measure the
execution time of each core involved in the execution and then we take the maximum
among the obtained values. For the latter, we use a counter variable in each class
modelling a core. Such variable counts the number of tasks or vertices that each core
visits.

The tests were performed on DAGs of 50, 100, 200, 400, 800, and 1600 vertices
with density values of 0.2, 0.5, and 0.8, so that we have diversity on the topologies of
the graphs for the evaluation. Additionally, we vary the number of processor cores,
executing the multithreaded computation, between 1 and 4. For every possible con-
figuration we run 20 iterations, for each one of the three Work stealing algorithms
reviewed in this thesis.

All benchmarks were conducted on a four-core Intel Core i5 with 2.4GHz running
macOS Big Sur. The version of the JVM (Java Virtual Machine), were the tests
runned, was 1.8.

3.2 Results & Graphs

In the following graphs we show the average times and core loads obtained for all
tested configurations. In the first set of graphs we compare the execution time, which
is given in nanoseconds, of each Work stealing algorithm, varying the number of cores
for fixed number of vertices and density DAGs. The second set compares the load
of each core when executing a multithreaded computation with a fixed number of
vertices and density. We refer to the processor cores as PO, P1, P2 and P3.
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Figure 3.1: 50 vertices - 0.2 density. Figure 3.2: 50 vertices - 0.5 density.
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Figure 3.3: 50 vertices - 0.8 density. Figure 3.4: 100 vertices - 0.2 density.
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Figure 3.5: 100 vertices - 0.5 density. Figure 3.6: 100 vertices - 0.8 density.
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Figure 3.7: 200 vertices - 0.2 density.
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Figure 3.9: 200 vertices - 0.8 density.
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Figure 3.11: 400 vertices - 0.5 density.
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Figure 3.8: 200 vertices - 0.5 density.
Time vs. Number of processors graph
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Figure 3.10: 400 vertices - 0.2 density.
Time vs. Number of processors graph
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Figure 3.12: 400 vertices - 0.8 density.
Time vs. Number of processors graph
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Figure 3.13: 800 vertices - 0.2 density. Figure 3.14: 800 vertices - 0.5 density.
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Figure 3.15: 800 vertices - 0.8 density. Figure 3.16: 1600 vertices - 0.2 density.
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Figure 3.17: 1600 vertices - 0.5 density. Figure 3.18: 1600 vertices - 0.8 density.
Time vs. Number of processors graph Time vs. Number of processors graph
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Figure 3.19: 50 vertices - 0.2 density.
Load per processor core graph
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Figure 3.21: 50 vertices - 0.8 density.
Load per processor core graph
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Figure 3.23: 100 vertices - 0.5 density.
Load per processor core graph
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Figure 3.20: 50 vertices - 0.5 density.
Load per processor core graph
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Figure 3.22: 100 vertices - 0.2 density.
Load per processor core graph
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Figure 3.24: 100 vertices - 0.8 density.
Load per processor core graph
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Figure 3.25: 200 vertices - 0.2 density.
Load per processor core graph
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Figure 3.27: 200 vertices - 0.8 density.
Load per processor core graph
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Figure 3.29: 400 vertices - 0.5 density.
Load per processor core graph
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Figure 3.26: 200 vertices - 0.5 density.
Load per processor core graph
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Figure 3.28: 400 vertices - 0.2 density.
Load per processor core graph
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Figure 3.30: 400 vertices - 0.8 density.
Load per processor core graph
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Figure 3.31: 800 vertices - 0.2 density.
Load per processor core graph
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Figure 3.33: 800 vertices - 0.8 density.
Load per processor core graph
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Figure 3.35: 1600 vertices - 0.5 density.
Load per processor core graph

800V/0.5D

00
, I III III III nl

2P/PO 2P/P1 3P/PO 3P/PL  3P/P2  4P/PO 4P/PL  4P/P2  4P/P3

g

g

mloadP mloadF mloadL

Figure 3.32: 800 vertices - 0.5 density.
Load per processor core graph
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Figure 3.34: 1600 vertices - 0.2 density.
Load per processor core graph
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Figure 3.36: 1600 vertices - 0.8 density.
Load per processor core graph

23



3.3 Analysis of the results

Overall, the worst performing algorithm is the FIFO Work stealing algorithm. We
notice that the total execution time of the computation is usually higher when the
FIFO algorithm is running compared to the other algorithms. Nonetheless, there
are configurations in which this algorithm performs better, e.g., 800 vertices and 0.8
density (Figure 3.15) and 1600 vertices and 0.8 density (Figure 3.18) computations
running with 4 processor cores. Moreover, the core load when the FIFO Work stealing
algorithm is running is usually higher on core PO regardless of the amount of cores
involved in the execution.

When comparing the priority-based algorithm with the LIFO algorithm, the latter
performs slightly faster in the majority of the cases. However, as with the FIFO Work
stealing algorithm, there are run configurations in which the priority-based algorithm
performs better than the LIFO Work stealing algorithm. See, for instance, Figure
3.2, Figure 3.5, Figure 3.14 and Figure 3.17 in which the configurations using 3 and
4 processor cores are faster running the priority-based algorithm, than the LIFO al-
gorithm. Regarding to the core load balances, both the Priority-based Work Stealing
algorithm and the LIFO Work stealing algorithm distribute equally the task load
among the cores executing the multithreaded computation (cf. Figures 3.19 through
3.36).

When running multithreaded computations with more than two processors, execu-
tion times for the LIFO and priority-based algorithms tend to be higher than the
time that takes one processor core to run them. Recall, from Subsection 2.2.3, that
the program of a multithreaded computation running with n cores works with n + 2
threads which stand for the main thread of the program, the processor cores and
the stealing controller. Therefore, given the configuration of the machine where tests
were executed, one may expect delays on the n = 3,4 cases. As we can observe from
the results, the best execution times are obtained when n = 2.

We noticed that when the graph is denser, no matter the algorithm we are run-
ning, the load among the cores is more unbalanced. In particular, most of the tasks
execute on P0O. One possible reason for this is that, for instance, when setting 0.8
density, after executing the first task, PO enqueues in its ready dequeue 80% of the
vertices of the DAG modelling the multithreaded computation. Thus on the whole
computation the remaining processor cores will be stealing tasks from P0. Moreover,
after a core steals a task from PO, it is highly probable that it will need to steal again
since the children of the stolen task that this has just executed are likely to already
be in P0’s ready dequeue.
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3.4 Threats to validity

We identify different situations that may add “noise” and bias the internal validity of
the results reported in this thesis. These are related to factors that could affect the
variables and the relations being investigated.

First of all, tests were conducted on a machine whose processor cores are not ded-
icated. That is, besides executing the program that benchmarks the work stealing
algorithms, the processor cores of the machine, where the tests are held, are also
running and managing its operating system.

In second place, the DAGs generated, by Algorithm 1, may diverge from the DAGs
modelling a real multithreaded computation. As a matter of fact, there are extra con-
ditions imposed in the topology of a DAG modelling a multithreaded computation
[BLI9| that we do not take into account in this thesis for the sake of simplicity.

Finally, we want to address the fact that the Work stealing algorithms discussed
in this work run, in practice, at core level. However, the simulations that we per-
formed and presented here were written in Java which is a high-level programming
language.
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Chapter 4

Conclusions & Future work

4.1 Conclusions

The main goal of this work was to understand, review and look for improvement points
in the classical Work stealing algorithms. As a result, we proposed a new Work steal-
ing algorithm based on a priority assigned to each vertex in the DAG modelling a
multithreaded computation. In order to evaluate and compare the performance of
the Work stealing algorithms studied we wrote a program that let us ran experiments
and simulate the execution of a multithreaded computation. In these experiments we
measured the total execution time and the work load of each processor core involved
in the multithreaded computation.

Our results evidence that, on one hand, in most of the runnning configurations, the
FIFO Work stealing algorithm falls short in terms of execution time and load balanc-
ing among the processor cores. On the other hand, the LIFO Work stealing algorithm
is the most efficient in terms of execution time. Both the LIFO and priority-based
Work Stealing algorithms distribute equally the work load among the processor cores.

There is not a “perfect” Work stealing algorithm that is best suited for any mul-
tithreaded computation. As the results, shown in Section 3.2, indicate there are run
configurations in which the FIFO and the priority-based Work stealing algorithms
outperform the LIFO algorithm. This suggests that there are conditions in the topol-
ogy of the DAGs and number of cores in the processor running the multithreaded
computation that may favor one algorithm over another.

The Priority-based Work stealing algorithm was not as efficient as we expected.
Nonetheless there are improvements that could be made in the priority function in
which this algorithm is based. For instance, instead of calculating the priorities of
the vertices with the longest path, we can think of calculating them with the number
of vertices in their spanning tree. Or, if the DAG we are considering is weighted, the
edge’s weigths are yet another variable to be considered when defining the priority
function.
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4.2 Future work

The work presented in this thesis can be furthered in three different research avenues.

First, it would be interesting to determine what running configurations (number of
vertices and density of the DAG modelling a multithreaded computation and num-
ber of processor cores executing the computation) favor a particular Work Stealing
algorithm over the others. This will allow us to determine beforehand which Work
stealing algorithm is more suitable for a given run configuration.

The Priority-based Work stealing algorithm presented in this thesis is just a first
attempt to improve and optimize the existing Work stealing algorithms. This means
that we can keep improving and refining the priority function, in which this algorithm
is based, through a graph-theoretical approach.

Finally, to test these Work stealing algorithms in dedicated machines and even in
servers will enhance our undertanding on how this algorithms behave and perform.
Recall that the tests presented in this work ran on a machine with limited capabilities
which could have affected the algorithms’ performance.
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