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parallelizable programming instead? *
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Abstract

Should we develop better programming models for con-
current programming and instruct programmers to develop
highly concurrent programs, or should we develop managed
runtimes that automatically and transparently parallelize the
programs that they write?

In this paper, I make the argument that these two ap-
proaches may be at odds with each other, and raise the ques-
tion of whether we should instruct programmers in general to
develop concurrent programs at all. I claim that doing so may
in fact be hindering the potential of executing the programs
in parallel, and argue that, instead, a better approach is to
evolve the sequential programming models and the software
development practices that we currently have such that they
promote the development of parallelizable programs—that
is, programs that are amenable to automatic parallelization.

Categories and Subject Descriptors D.1.3 [Programming
Techniques]: Concurrent Programming—Parallel program-
ming

General Terms Languages, Performance

Keywords Automatic parallelization, Thread-Level Specu-
lation, Software Transactional Memory

1. Introduction

The architectural shift from single-processor single-core ma-
chines to multicore machines is touted by many as one of the
major challenges that the software industry has ever faced, if
not the biggest [14]. The reason is simple: Having more pro-
cessors on a single-user laptop or desktop computer is use-
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less if an application running in that computer cannot make
effective use of those extra processors. The corollary of this
seems to be that programmers must now deal explicitly with
concurrent programming, something that is feared by most.
Worse than that, if the trend of duplicating the number of
available cores every other year continues, as expected, it
will not take long until we have machines on our laps with
tens or hundreds of cores. So, we are not only talking about
shifting to concurrent programming; this seems to imply that
we have to architect our programs to be highly parallel.

Unfortunately, the current state-of-the-practice program-
ming model for concurrent programming makes this too dif-
ficult and error-prone. Thus, an obvious avenue of research
to solve this problem is on the development of better pro-
gramming models that make concurrent programming eas-
ier; most of the intense research on Transactional Memo-
ries [5, 11] follows this route.

Another approach, however, is to keep the sequential pro-
gramming model that we are confortable with, and concen-
trate on parallelizing automatically the sequential programs
that we write. Again, this has been the subject of much
research, from the initial work on parallelizing compilers
(e.g., [2, 15]), to the more recent work on Thread-Level
Speculation (TLS) [4, 12, 13, 7].

In this paper, I make the argument that these two ap-
proaches may be at odds with each other, and raise the ques-
tion of whether we should instruct programmers in general to
develop concurrent programs at all. I claim that doing so may
in fact be hindering the potential of executing the programs
in parallel, and argue that, instead, a better approach is to
evolve the sequential programming models and the software
development practices that we currently have such that they
promote the development of parallelizable programs—that
is, programs that are amenable to automatic parallelization.

In the next Section I present some of the reasons why I be-
lieve that automatic parallelization may be a better approach
for making effective use of the new multicore architectures.
Then, I discuss why promoting concurrent programming in
general may be counter-productive. Finally, I briefly present
the direction that I think would be most beneficial for the
programming languages’ community to pursue.
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2. Why automatic parallelization

The idea of automatically parallelizing sequential programs
is enticing: With it programmers do not need to change how
they develop their programs to benefit from the new gener-
ation of parallel machines. Instead, their programs are exe-
cuted in parallel by the underlying execution environment in
a completely transparent way. Actually, as we all know, that
is exactly what the majority of the commodity uniprocessors
have been doing over the last few decades, by resorting to
instruction-level parallelism to improve the execution speed
of sequential programs [10]. But, of course, multiprocessors
call for other approaches to extract parallelism from a pro-
gram, such as the TLS mentioned before.

Even though the results obtained so far with the research
on TLS have been disappointing, there is evidence that the
limited results may be attributed to only exploring low-level,
fine-grained parallelism, and that much better results may be
obtained if we explore parallelism at higher levels of the ap-
plications [8, 6]. To pursue this idea, I started the RuLAM!
project, which proposes to develop a managed runtime for
TLS that relies on Software Transactional Memory to ex-
ecute speculatively an unbounded portion of a program (a
preliminary prototype of such a system is described in [1]).

Besides the obvious advantage of not having to change
the programming model, automatic parallelization is attrac-
tive also when compared with the alternative of letting the
programmer decide how to parallelize her program. The
number of parallel tasks to create depends on several fac-
tors that are known only at runtime, such as the available
number of processors, the load of the machine, or the data to
be processed. Moreover, some of these factors may change
over time, meaning that an optimal parallel program needs
to be able to adapt continuously the number of parallel tasks
to execute. The parallelization logic is, thus, a cross-cutting
concern that is best kept separate from the rest of the pro-
gram.

But, even if we conceive a programming model that al-
lows us to describe which tasks to create and when to cre-
ate them as a separate aspect of the program, it is hard to
imagine how that could possibly be done for a highly paral-
lel and complex program (other than the trivial embarrass-
ingly parallel ones) that is composed of many independent
and reusable modules: How to make the parallelization logic
composable, and in such a way that all the compositions re-
sult in the optimal parallelization strategy of each program?

So, it seems unlikely that, in general, a programmer will
be able to parallelize effectively a complex program, much
in the same way that, in general, a programmer is not able to
deal with the memory management of a complex program.

I believe that, to obtain reasonable parallelism for a com-
plex program, the programmer will, at best, provide only ad-
visory hints about her program that may help in the paral-
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lelization. But, if that is the case, then the parallelization is
not done by the programmer any longer. Instead, there must
be some automatic parallelization runtime in place.

3. Why automatic parallelization of
concurrent programs is not a good idea

To the best of my knowledge, the automatic parallelization
of concurrent programs is a largely unaddressed topic. So,
if programmers start to develop concurrent programs, either
they do it right, performance-wise, or they may be compro-
mising the ability to benefit from automatic parallelization
runtimes. That is, unless automatic parallelization research
extends to address concurrent programs as well. Yet, doing
so introduces some tough challenges.

The most promising approaches for automatic paral-
lelization rely on speculative execution of tasks to explore
higher levels of parallelism, which means that they must
resort to some form of synchronization among the paral-
lel tasks to prevent invalid executions. Likewise, when pro-
grammers explicitly parallelize their programs, they not only
create the tasks to execute in parallel, but they also must syn-
chronize those tasks. So, a first challenge for the automatic
parallelization of concurrent programs is to ensure that the
synchronization mechanisms are compatible. Otherwise, in-
struction interleaving unforeseen either by the programmer
or by the automatic parallelization runtime may ensue. We
could argue that this is not much different from current TLS
approaches that may have to abort invalid speculative exe-
cutions, but the semantics of concurrent programming turns
this into a much harder problem.

Moreover, even if we assume that the synchronization
mechanisms are compatible, parallel tasks spawned by the
programmer may delay or abort other tasks created by
the parallelization runtime. In fact, unless the paralleliza-
tion strategies used by the programmer and the runtime are
aligned or are completely orthogonal, which is unlikely, the
end result will be a less than optimal system, because the
parallelization runtime will not be aware of the program-
mer’s intentions.

Finally, even though this is still an open topic of research,
it is reasonable to assume that to get a good-performing par-
allelization runtime, there must be some level of cooperation
between the creation of tasks to execute and the scheduling
of those tasks. Again, that is something that may suffer in-
terference from unexpected parallelization efforts made by
the programmer.

In conclusion, these observations led me to believe that
instructing programmers to try to parallelize their programs
by using concurrent programming may actually hinder the
potential parallelization of those programs. So, instead of
advocating such a radical and disruptive shift in the pro-
gramming model, I argue that everyday programmers should
continue to develop their programs using the much simpler
sequential programming model and that we should concen-
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trate on giving them a runtime that automatically parallelizes
their programs. To do this, I think that we need to make
some changes either to the sequential programming model
or to the programming idioms and patterns that are currently
used, so that programs become parallelizable.

4. Parallelizable programming

Sequential programs are hard to parallelize automatically
because they are rippled with data dependencies [16]. Yet,
recent experiences of parallelizing existing sequential pro-
grams reported good speedups with either minimal changes
to, or after some refactoring of, the original program [3, 9].

These experiences provide strong evidence that the se-
quential programming model may not be that far from being
effectively parallelizable and that, after all, we may just need
better automatic parallelization runtimes to be able to make
use of the new multicore hardware. Also, from these expe-
riences, it seems that many of the data dependencies of a
sequential program are either benign or false. Yet, as auto-
matic parallelization approaches are conservative, they abort
the speculative execution of parallel tasks when they find a
data dependency, regardless of whether they needed to do it
to preserve the program semantics.

Thus, even if theoretically an automatic parallelization
framework may be made to detect those cases and handle
them more gracefully, it seems clear that another way to
make the automatic parallelization easier is to make the
programs more parallelizable.

How to accomplish that? I expect this to be a question
that may be best answered by the research communities
working on programming language design and software en-
gineering. New programming idioms, extensions to the ex-
isting sequential programming model, or best practices on
how to design the API of libraries, are some examples of
the contributes that could make a sequential program more
amenable to being parallelized automatically.

We surely need more research on how to do concurrent
programming, but it is not clear to me that we should rely
on the everyday application programmers to do the paral-
lelization of their programs. I believe that we may get bet-
ter results by slightly changing how sequential programs are
written.
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