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1. Introduction
As the pervasive computing paradigm develops, it is necessary to have means of communicationfor applications executing over the many disparate devices that form pervasive
computing environments. The dynamically changing set of
resources and services availablein such environments stems
both from the nature of distributed systems and the mobility
of devices that constitute temporary parts of the system.
Our work draws on concepts from many existing middleware systems, primarily concentrating on tuple spaces such
as Linda [2] and LIME [3], publish-subscribe systems such
as Elvin [4], and blackboards such as Hearsay-I1 [ 11.
We present our model of middies, generalised passive
middleware abstractions that can be used to construct middleware systems with operations and semantics desirable to
the applications with which they will be used in a pervasive
computing environment.

2. Model
Our model is based on a layered architecture which is intended to run on all devices that wish to use the middleware.
By considering the various middleware systems mentioned above, it is possible to identify several general abstractions which make up the top-most Middie Layer (ML).
Firstly, each of the three middleware systems has a concept of a logically centralised server to which the communicating parties connect. In the case of Linda, this is the tuple
space. With publish-subscribe systems it is the subscription server, and with blackboards, it is the blackboard itself. We thus generalise this to the concept of shared spaces,
which are logically centralised and can be referenced by any
clients by simply providing a common name.
Similarly, each system has some unit of storage, be it a
tuple, an event, object or an hypothesis. This can be generalised to a block, which we define simply as a flat, unstructured array of bytes.

Some systems are reactive and need some mechanism
for notifying clients of events. This is particularly evident
in publish-subscribe systems. We employ the concept of
reactors which can be registered with spaces essentially as
callbacks to be activated under certain conditions.
Each system also has means of extracting data from the
shared space. In tuple spaces, tuples are matched to templates. In pub-sub systems, events matching a subscription as defined by a subscription language are propagated to
clients. A generalised middleware system needs a matcher
abstraction, which can be used to compare two blocks and
return one if it is deemed to ‘match’ the other.
A Distribution Layer (DL) beneath the ML allows a logically centralised space to be physically stored across multiple devices. This is achieved by a distribution policy that
uses contextual information to determine the best placement
of blocks around the network.
A Resource Layer beneath the DL coordinates the devices within the network and abstracts the network addressing and service discovery by way of a service discovery protocol.
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