
The Habanero Multicore Software Research Project
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Abstract
Multiple programming models are emerging to address an in-
creased need for dynamic task parallelism in multicore shared-
memory multiprocessors. This poster describes the main compo-
nents of Rice University’s Habanero Multicore Software Research
Project, which proposes a new approach to multicore software en-
ablement based on a two-level programming model consisting of a
higher-level coordination language for domain experts and a lower-
level parallel language for programming experts.

Categories and Subject Descriptors D.1.3 [Concurrent Pro-
gramming]: Parallel Programming

General Terms Languages, Performance

1. Introduction
The Habanero project [14] at Rice University was initiated in Fall
2007 to address the multicore software challenge by developing
new programming technologies — languages, compilers, man-
aged runtimes, concurrency libraries, and tools — that support
portable parallel abstractions for future multicore hardware with
high productivity and high performance. Our goal is to create a
software platform that allows application developers to reuse their
investment across multiple generations of homogeneous and het-
erogeneous multicore hardware. A highly desirable solution to the
multicore software productivity problem is to introduce high-level
declarative programming models that are accessible to develop-
ers who are experts in different domains but lack deep experience
with imperative parallel programming, while still enabling pro-
gramming experts to make tuning and deployment decisions for
the application. To that end, we propose a two-level programming
model consisting of a higher-level coordination language for do-
main experts and a lower-level parallel language for programming
experts. We use the Concurrent Collections (CnC) programming
model [9, 11, 4, 3] as the foundation for the higher-level coordina-
tion language in the Habanero project, and the Habanero Java (HJ)
language as the foundation for the lower-level parallel language1.

This approach enables an important separation of concerns be-
tween domain experts who specify the inherent semantics of the

1 A Habanero-C language is also in development for C programmers.
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Figure 1. Data and Control dependences in a CnC program

computation at the CnC level and programming experts who make
decisions on how the parallelism should be exploited on a given
multicore platform. The programming expert is not necessarily a
human — it could also be a static compiler, dynamic runtime, or
an auto-tuning component, for example. To tie the levels together,
we use an integrated runtime system that supports co-scheduling of
CnC steps and HJ tasks (activities). An initial release of our two-
level execution model is available at [17].

2. Concurrent Collections Programming Model
The three constructs in the Concurrent Collections (CnC) model2

are computation steps, data items, and control tags. Statically, each
of these constructs is a collection representing a set of dynamic in-
stances. Step, item and tag3 instances are the units for scheduling
parallel computations, communicating and synchronizing data ac-
cesses, and creating new step instances, respectively.

The program is represented as a graph. The computation step,
data item and control tag collections are represented as circles,
boxes and triangles respectively (see Figure 1). We represent the
graph in textual form using ( ) for computation steps, [ ] for data
items and < > for control tags.

The edges in the graph specify the partial ordering constraints
required by the semantics. One type of ordering constraint arises
from a data dependence [1]. For example, in the top of Figure 1,
an instance of step (F1) produces an instance of item [X] which is
consumed by an instance of step (F2). Clearly the producing step
instance must execute before the consuming step instance.

2 The CnC model builds on past work on TStreams [10].
3 Any hash-able value can be used as a tag.
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Another type of ordering constraint arises from a control depen-
dence [7], where one computation step determines if another com-
putation step will execute. In the bottom of Figure 1, an instance
of step (F3) produces an instance of control tag <T> which in turn
leads to the creation of an instance of step (F4). The producing
step instance must execute before the newly created step instance.

A step instance may consume and produce data items in multi-
ple item collections, and produce control tags in multiple tag col-
lections thereby leading to more general graph structures than the
simple examples in Figure 1. Tags play a key role in distinguishing
instances of data items and computation steps. For item collections,
the tag is akin to a primary key used to access an item instance; the
single assignment rule ensures that at most one item is produced in
an item collection with a given tag. For tag collections, the tag is
akin to an iteration tuple or calling context that uniquely identifies a
step instance; again, the single assignment rule ensures that at most
one step is produced with a given tag.

There are a number of properties of the CnC model that make
it attractive for use by domain experts in our two-level program-
ming model. First, the domain expert does not have to explicitly
think about sequential or parallel execution of steps; the ordering
constraints among steps are specified exactly by the control and
data dependencies in the CnC graph. Second, all CnC programs are
data-race-free i.e., the single-assignment rule ensures that each read
of a data item will return the same value regardless of the order in
which write operations are performed (since there can be at most
one write with a given tag value in a given item collection). Third,
all CnC programs are deterministic i.e., all executions that read the
same input from the environment will result in the same output,
regardless of the order in which step instances are executed.

3. Habanero Programming Language Constructs
The Habanero Java (HJ) language under development at Rice Uni-
versity [14] builds on past work with the X10 project at IBM [6],
and proposes an execution model for multicore processors that
builds on four orthogonal constructs:

1. Lightweight dynamic task creation and termination using ”async”
and ”finish” constructs [8]. The async [(Place)] [phased(c...)]
Stm statement creates a new child activity that executes state-
ment Stm, registered on all the phasers in the phased(...) list.
It returns immediately and may only reference final variables
in enclosing blocks. The finish Stm statement executes Stm and
waits until all (transitively) spawned asyncs have terminated.
The finish statement has a rooted exception model that traps all
exceptions thrown by spawn activities and throws an (aggre-
gate) exception if any spawned async terminates abruptly [6].

2. Locality control with task and data distributions using the
”place” construct [5]. Places enable co-location of async tasks
and data objects.

3. Mutual exclusion and isolation among tasks using the ”iso-
lated” construct [2]. The isolated [(Place List)] Stm statement
executes Stm in isolation with respect to the list of places.
As advocated in [12], we use the isolated keyword instead of
atomic (as it is named in X10) to make explicit the fact that the
construct supports weak isolation rather than strong atomicity.
Commutative operations, such as updates to histogram tables
and insertions in a shared data structure, are a natural fit for
isolated blocks executed by multiple activities.

4. Collective and point-to-point synchronization using the ”phasers”
construct [15, 16]. The phaser p = new phaser(mode) statement
allocates a new phaser in a registration mode, which can be
signal, wait, signal-wait or single. Activities can use phasers
to achieve collective barrier or point-to-point synchronization.

Phasers are dynamic (number of activities using a phaser can
change at runtime), deadlock-free in absence of explicit wait
operations, and lightweight. The next statement suspends the
activity until all phasers that it is registered with can advance.

Since HJ is based on Java, the use of certain primitives from the
Java Concurrency Utilities [13] is also permitted in HJ programs,
most notably operations on Java Concurrent Collections such as
ConcurrentHashMap and on Java Atomic Variables.
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