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We are surrounded by appliances, and increasingly so. The American Heritage Dic-
tionary defines an appliance as “a device or instrument designed to perform a specific
function, especially an electrical device, such as a toaster, for household use.”  Us-
ability experts have advocated special-purpose devices (in contrast to general-purpose
PCs) which, with their supporting computational and communication infrastructure,
fit the person and tasks so well, are sufficiently unobtrusive and inter-connectivity
seamless, that the technological details become virtually invisible compared to the
task. These devices are often called information appliances, or Internet appliances if
they have Internet-connectivity [5,16]. Part of “smart” behaviour is this interaction
among devices and resources. The current Internet and networking technologies, and
developments in wireless networking enable the “smart” devices to communicate
with one another and with Internet or Web resources. The devices might need to
interact effectively in order to accomplish the goals of its user(s), and such interaction
ability, whether occurring over very short ranges or across continents, can open up
tremendous possibilities for innovative applications.
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There has been significant work in building the networking and integrative infra-
structure for such devices, within the home, the office, and other environments and
linking them to the global Internet. For example, AutoHan [19], UPnP [12],  OSGI
[13], Jini [21], and SIDRAH (with short range networking and failure detection) [8]
define infrastructure and mechanisms at different levels (from networking to services)
for devices to be inter-connected, find each other, and utilize each other’s capabilities.
Embedded Web Servers [3] are able to expose the functionality of devices as Web
services. Embedding micro-servers into physical objects is considered in [15]. Ap-
proaches to modelling and programming such devices for the home have been inves-
tigated, where devices have been modelled as software components [9], as collections
of objects [1], as Web services [14], and as agents [18,6]. However, there has been
little work on specifying at a high level of abstraction (and representing this specifi-
cation explicitly) how such devices would work together at the user-task or applica-
tion level, and how such work can be managed.

In this paper, we address the need for a high level of abstraction to describe how
devices should work together and to manage their interaction. Our perspective is from
workflow, where business processes are managed by a workflow system that assigns
tasks, passes them on, and tracks the progress. We can have device ecologies for
different situations and purposes. Here, we focus on device ecologies within the home
environment. We first provide some background in Section 2. Then, in Section 3, we
illustrate how a workflow model can be applied to describe and manage device
ecologies – in particular, we treat devices as Web services and utilize the Business
Process Execution Language for Web Services (BPEL4WS) [2] for describing
workflows in device ecologies. For short, we call such device ecology workflows
decoflows. The idea of a DecoFlow Engine is outlined in Section 4. We also show, in
Section 5, how the DySCo [17] workflow algebra can be employed to model deco-
flows and discuss how to model the impact of decoflows on devices’ observable
states. We conclude with future work in Section 6.
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2.1   Modelling Devices
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BPEL4WS has language constructs for manipulating data, handling faults, compen-
sating for irreversible actions, and various structured activities. BPEL4WS assumes
that there is a central engine which is executing the workflow. A BPEL4WS process
or workflow is viewed as the central entity invoking Web services associated with its
(business) partners and having its own services invoked by partners (e.g., when the
partner initiates the business process or receives results for a previously sent request).
We describe the syntax and semantics of the BPEL4WS constructs together with our
example below.
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Fig. 2. Outline of the process in BPEL4WS.
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There is only one role in this definition, and it is to be taken up by the television.
The port type given is a communication endpoint for accessing television controls.
Note that only one role is given and is taken up by the device. The decoflow need not
provide any services in this partnership with the television.
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If there is fault with the invocation of this operation, the fault handler is invoked as
explained later.
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The partner link type defines only one role but unlike the partner link type defini-
tion for the television, this role is taken up not by a device but by the decoflow in-
stead. Also, since there is only one role, no requirements are placed on a partner de-
vice in this partner relationship between a device (which we have assumed is an
alarm clock) and the decoflow. In other words, the decoflow offers this wakingUp-
Service to any device, or any device can issue a wake up notice to initiate an instance
of this decoflow, but only because we have defined the decoflow in this way.
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The cubes represent devices and the bi-drectional arrows indicate messages ex-
changed with these devices while executing a decoflow specification. We assume the
devices are described and connected to the DecoFlow Engine via some underlying
networking and service infrastructure such as UPnP. The DecoFlow Engine is in
charge of invoking the appropriate Web services on the devices, in order to request
resources to perform tasks and maintaining the execution state of the process.
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It is too simplistic to assume that the decoflow will complete without any prob-
lems. BPEL4WS has constructs for defining fault handlers and for throwing excep-
tions. For example, the following description states that if a fault occurs in the invo-
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cation of an operation, i.e., the wake up routine (as defined by the decoflow) cannot
be completed, a reply is sent to the alarm clock that there has been a fault.
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We have shown by example how BPEL4WS can be used to model device ecology
workflows where devices are modelled as a collection of Web services. Note that
these means that any other Internet based Web service can be integrated into the same
workflow with these devices and existing Web service technology can be applied to
interact with these devices. BPEL4WS is a practical language but has not been given
a formal semantics. Hence, we have also adapted the DySCo algebraic workflow
model for device ecology workflows or decoflows. Lastly, we have outlined how to
analyse the effect of a decoflow on a collection of devices’ observable states. We note
that state space explosion can potentially occur and will require further experimenta-
tion to determine what size of device ecologies and device complexity can be tracta-
bly tackled. The result of this work is a basis for a workflow based programming
model for device ecologies. Another contribution of this work is the proposal of a
technique to analyze (e.g., by simulation) or to prove properties of decoflows, where
a property of a decoflow is about an effect that a decoflow can have on a device or a
collection of devices. We are currently investigating a prototype implementation over
UPnP. A number of outstanding issues need to be addressed:
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