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Abstract

A pervasive computing system requires the integration of compu-
tation and communication with physical objects in the environ-
ment. The Ambiance project is building a platform for Macro-
programming pervasive systems based on an Adaptive Object-
Model; the platform provides a meta-level architecture to analyze
the execution context and customize the services it provides.

Categories and Subject Descriptors D.1.5 [Programming
Techniques]: Object-oriented Programming — metalevel architec-
tures; D.3.2 [Programming Languages]: Language Classifica-
tions — Specialized application languages; D.3.3 [Programming
Languages]: Language Constructs and Features — Concurrent
programming structures; D.3.4 [Programming Languages]:
Processors — Code generation, Runtime environments.

General Terms Design, Languages, Verification, Reliability.

Keywords Sensor Networks, Actors, Adaptive Object-Models

1. Ambient Intelligence and Sensor Networks
Progress in Ambient Intelligence (Aml) technologies such as Mi-
cro-Electro-Mechanical Systems (MEMS), smart materials, dust
networks, and bio-inspired software will enable the ‘invisible’
incorporation in our surrounding environment of billions of sens-
ing, actuating, computation and communication components in an
Aml infrastructure. For example, PARC’s Smart Matter project
pursues a novel synthesis of these technologies to create intelli-
gent programmable surfaces, particles, and materials that can
sense, reason, and interact with their environment, and dynami-
cally adjust their fundamental properties such as shape, aspect,
and even load-bearing strength.

The Aml infrastructure will enable novel applications and new
work practices in many fields including scientific observation and
experimentation, monitoring (environment, health, etc.), medical
diagnosis, and personalized services as described in [1].

A key enabling technology for Aml is networks of large numbers
of wirelessly connected small, low-powered computers with very
limited processing, memory, sensing, actuation, and communica-
tion ability. Such a system is called a Wireless Sensor Network
(WSN), and each node a mote. Moreover, motes are prone to fail-
ure (for example, if they run out of energy) and communication
between them is unreliable. Programming such networks requires
addressing those limitations. Unfortunately, current methods for
WSN programming lead developers to mix high-level concerns
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such as quality of service requirements, (e.g. timeliness, reliabil-
ity, application logic, adaptivity) with low-level concerns like
resource management, synchronization, communication, routing,
data filtering and aggregation. This makes developing software
for WSNs a costly and error-prone endeavor.

We propose to simplify sensor network programming by develop-
ing Ambiance, a platform which supports macroprogramming by
non-professional programmers. The idea of macroprogramming is
to abstract away low-level concerns and to “allow application
designers to write code in a high-level language that captures the
operation of the sensor network as a whole. The global program
could then be compiled into a form that executes on individual
nodes™ [2]. We propose to minimize the required programming
knowledge to empower ordinary users to interact with the net-
work. Moreover, the macroprogramming environment must pro-
vide decentralized execution under some form of control which
ensures that global properties are satisfied. The control may be
centralized, or the properties may result from an emergent behav-
ior of the network.

2. State of the Art in Macroprogramming

A survey of the current solutions in the literature reveals a variety
of approaches. These solutions include a spreadsheet approach
[3], ActorNet [4], EnviroSuite [5], and Regiment [2]. Although
many of these approaches are powerful, none of them provide the
language abstractions that are required for macroprogramming as
outlined above. For example, the spreadsheet approach, although
targeting non-programmer end-users, uses an Excel spreadsheet to
represent the layout of nodes and insert their functionality in the
spreadsheet; queries are resolved by a logic program which gen-
erates a composition of services, where a service is a .Net compo-
nent. In principle, this is quite general, however, it fixes a particu-
lar grid based naming scheme and does not allow for the defini-
tion of arbitrary groups of nodes and operations over such groups.
ActorNet provides support for actor-based, mobile agents. In re-
sponse to a query, a number of mobile agents may be created to
coordinate in addressing the task. EnviroSuite proposes environ-
mentally immersive programming, an object-based programming
model in which individual objects represent physical elements in
the external environment. In both cases, the actors and objects
must be created explicitly to provide a service. Behavioral speci-
fications are not in terms of groups of objects. Protocols to sup-
port operations over groups of objects and protocols to implement
such specifications may not be reused. Most current solutions are
designed for professional application programmers. Examples of
macroprogramming languages in other domains include PDL for
fault-tolerant distributed systems [6] and explicit connectors for
coordination of distributed active objects [7].
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Figure 1: Meta-level and hybrid (passive and active objects)
architecture of the Ambiance platform.

3. Adaptive Object Model-based Architecture
Adaptive Object-Models (AOMs) are meta-level architectures that
enforce separation of concerns, and in particular the separation of
business logic from technical aspects. Non-programmer experts
customize, at run-time, the AOM by specifying its object-model
(state and behavior), using a business-related language. [8]

In order to support macroprogramming of WSNs, we propose to
extend this architectural style to translate high-level specifications
of global behavior into both meta-objects and meta-actors which
control and customize the runtime behavior of passive and active
application objects (Figure 1). These meta-objects are dynamic,
they have the capability to observe the application objects and the
environment (introspection), and to customize their own behavior
by analyzing these observations (intercession). Moreover, our
architecture allows meta-objects to modify their behavior in more
fundamental ways, for example, if the meta-objects are endowed
with learning mechanisms.

Our architecture supports an open concurrent system — requests
may come in asynchronously from the environment. A visual
language is used for the high-level definition of structures and
behaviors. Dart [9], a meta-level object-oriented framework for
task-specific, artifact and activity-driven behavior modeling
(Figure 2), offers the reifications needed for explicitly represent-
ing these specifications. Each specification is translated into a
group of meta-actors which implement protocols to meet it. For
example, in an Aml parking lot application, a vehicle identifica-
tion query may be decomposed in terms of a set of meta-actors.
These meta-actors control the concurrent and distributed collec-
tion of data by actors in the nodes of a sensor network and ana-
lyze the data. Note that the analysis may trigger further data col-
lection, or reuse already collected data. The system being devel-
oped also provides a type system for a partial semantic check to
ensure that queries are well-formed, for example, that a query
does not result in a graph of node invocations which is cyclic.

4. Status of Our Implementation

Our implementation is building on our previous work, namely
ActorNet and Dart (both described above). A first prototype,
called Amltalk, was built as an extension to the Mobidyc [10]
ecology simulation system. Mobidyc is an AOM used by ecolo-
gists to model ecosystems (individual and social behavior of ani-
mals, plants, etc.) and to study their evolution using simulations.
Amltalk extends Mobidyc with a web interface that generates
XML representations of the expert models, which are then inter-
preted by Mobidyc.
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Figure 2: The core design of Dart in UML (class diagram).

Our proposed system Ambiance will generalize the capabilities of
Amltalk to arbitrary applications by replacing Mobidyc with Ac-
torNet and its runtime engine. Specifically, queries will produce
meta-actors which control the life-cycle of an actor. Such a life-
cycle involves activation and registration, request management,
application logic, and result dissemination. Besides, a type system
for Dart is being written in Maude (http://maude.cs.uiuc.edu).
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