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ABSTRACT

Runtime parallel optimization has been suggested as a means to
overcome the difficulties of parallel programming. For runtime
parallel optimization to be effective, parallelism and locality that
are expressed in the programming model need to be communicated
to the runtime system. We suggest that the compiler should ex-
pose this information to the runtime using a representation that is
independent of the programming model. Such a representation al-
lows a single runtime environment to support many different mod-
els and architectures and to perform automatic parallelization opti-
mization.

Categories and Subject Descriptors

D.3.4 [Programming Languages]: Processors—Run-time envi-
ronments; D.1.3 [Programming Techniques]: Concurrent Program-
ming—~Parallel Programming

General Terms

Algorithms, Performance

1. INTRODUCTION

The widespread use of tens to hundreds of processor cores in
commodity systems will require widespread deployment of paral-
lel desktop applications, causing a fundamental change in paral-
lel programming; parallel programming techniques must become
mainstream.

Unfortunately, bringing parallel programming into the mainstream
faces difficulties:

e For a programmer to write quality parallel programs, she
needs to know the details of the target system and how to
map the application efficiently to that system. Even using
advanced programming models such as transactional mem-
ory [4], the task remains daunting, perhaps too daunting for
the average programmer.

e A widely-distributed program will have no knowledge of its
operating environment until runtime. Such a program cannot
be efficiently mapped to a target system during development
or compilation.

e While future applications will have sufficient parallelism [3],
that parallelism may not be apparent during development or
compilation due to irregular data access patterns [5].
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Runtime parallel optimization systems have the potential to over-
come these difficulties: a good runtime would know the details of
the system, could map the application to the operating environment,
and would be able to analyze actual data accesses [7, 9]. Many such
runtime systems have been proposed using a variety of techniques
such as parallel data structures [1], autoscheduling [8], autotuning
[12], inspector-executor [10], and runtime feedback [11].

However, previous runtime systems have suffered from a severe
limitation in their usefulness: they have each supported only a lim-
ited selection of parallel programming models. We submit that a
practical, deployable runtime parallel optimization system should
be programming-model-agnostic. To accomplish this goal, a pro-
gramming model’s expressed and implied parallelism and local-
ity must be conveyed to the runtime via a flexible representation.
We call such a representation an exposed parallelism and locality
(EPL) representation.

In this paper, we introduce four properties of EPL representa-
tions: task-based, multi-relational, hierarchical, and concise. We
argue that these properties allow a runtime system to:

e Easily retain the information from many different program-
ming models; and

e Use this information to perform automatic parallelization op-
timization.

Using these properties, we have created an optimizing runtime
known as ADOPAR. Because it incorporates the four properties
described above, ADOPAR’s representation can support a variety
of programming models. ADOPAR automatically detects and per-
forms parallelization and localization optimizations from the EPL
representation.

The primary contribution of this paper is the definition of the
properties that an exposed parallelism and locality representation
should possess; these properties of the representation enable a pro-
gramming-model-agnostic runtime parallel optimization system.

2. AN EPL REPRESENTATION

When any application is parallelized, either the programmer or
the compiler must in some way represent parallelism and locality.
Exposing this information to the runtime would allow a runtime
system to optimize for parallel execution. An exposed parallelism
and locality (EPL) representation requires four properties to be suit-
able for runtime parallel optimization. It must be task-based, multi-
relational, hierarchical, and concise. These properties ensure that
the representation carries all the useful information from the pro-
gramming model and that the information can be easily used for
parallel optimization. Each property will be described in turn.



2.1 Property 1: Task-based

An EPL representation must retain information expressed by many
different programming models. Therefore, it must offer a univer-
sal mechanism for representing parallelism. A task graph is such a
universal mechanism.

The representation of a task must identify the work to be per-
formed as well as properties of the task. The set of properties
includes at least the task type and an estimated execution time to
be used in cost functions for mapping. Possible task types include
choice tasks [2], loop iterations, function invocations, reduction op-
erations, and general tasks.

2.2 Property 2: Multi-relational

Much of the parallelism and locality information implied by a
programming model involves relationships such as data flow and
exclusivity that must be maintained between portions of the pro-
gram. Other relationships are simply desirable, e.g. locality. An
EPL representation needs to represent all of these relationships; we
call this property multi-relational. Relationships are edges in the
task graph.

We have identified several types of relationships that must be
supported: data dependence, ordering, exclusiveness, sharing, and
nearness. The combination of multiple types of relations with tasks
allows a wide variety of programming models to be easily mapped
to an EPL representation.

2.3 Property 3: Hierarchical

An EPL representation needs to retain information from the pro-
gramming model that can help with parallel optimization. One ele-
ment of many programming models is hierarchy. Well-known opti-
mization techniques that depend upon hierarchy include loop split-
ting, loop interchange, and loop fusion with multiple sub-tasks.

2.4 Property 4: Concise

While individual tasks and relationships are a useful and gen-
eral way to represent parallelism and locality, regularity that was
present in the programming model becomes obscured and hard to
exploit in a task graph. Therefore, while an EPL representation
should be task-based and multi-relational, it should represent tasks
and relationships concisely as sets of tasks and relationships that
are similar to each other. We call these concise representations de-
scriptors.

A task descriptor points to two functions: a task body and a task
instantiation function. The task body is the code that the task must
run. The task instantiation function, if called at runtime, would
generate task instances. A relationship descriptor points to a re-
lationship instantiation function that, if called at runtime, would
generate relationship instances.

A functional representation of tasks and relationships is very
powerful for several reasons: it is general, dynamic, exact, eas-
ily automated, and can be optimized and evaluated using standard
compiler techniques.

Note that while the instantiation functions could be called at run-
time to generate a task graph, we do nor see instantiation as the
primary mode of operation of a runtime system. Instead, parallel
optimization techniques would analyze the instantiation functions
and task bodies and make choices about how to generate parallel
code. Some examples of such optimization techniques might be:

e Recognition and exploitation of DOALL loops
e Specialized hardware selection

e Dynamic task scheduling

e Helper threading

e Thread-level speculation
e Lock insertion or software transactional memory

3. ADOPAR

We are currently implementing a general runtime parallel opti-
mization infrastructure that uses an EPL representation. This in-
frastructure is called ADOPAR, for ADaptive Online PARallel op-
timization [7]. Developers write applications in a variety of pro-
gramming languages and models, making no assumptions about the
target system. The compilers perform parallelism and locality dis-
covery and produce a binary augmented with exposed parallelism
and locality information. The runtime system uses the EPL, run-
time application data, and online performance feedback to map the
application to the architecture and available resources.

ADOPAR can be seen as a generalization of the inspector-executor
model of parallelization. ADOPAR uses the LLVM compiler frame-
work [6] as its underlying compilation infrastructure. EPL is rep-
resented in the low-level IR through functions and hooks.

4. CONCLUSION

Parallel programming has heretofore remained the domain of
highly-skilled programmers with extensive experience. With the
advent of commodity multiprocessors, it is becoming increasingly
important to enable the majority of programmers to participate in
parallel programming. The EPL representation begins to surmount
the difficulties that have precluded the acceptance of parallel pro-
gramming as a mainstream technique. It does so by removing the
need for the programmer to program to a specific architecture, al-
lowing a runtime to actively adapt a program to its running environ-
ment, and feeding information regarding actual data access patterns
to the runtime for online parallelization.
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