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Abstract 

In a smart building environment nomadic users can benefit from specialised context-

sensitive services. These can increase productivity and offer an improved lifestyle for users. 

The Data Management System-Context Architecture (DMS-CA) has been designed to provide 

these services. The DMS-CA is novel in providing a completely generic system that is both 

user-friendly and efficient. The system is generic in that it can be tailored by the system 

administrator (using XML specifications) for a particular environment of context information 

inputs and a set of services. In addition, the actual rules that determine which services are 

triggered by which combination of contextual inputs are determined by the individual user in a 

user-friendly manner. Thus the generic architecture can be easily deployed for a particular 

building and an individual user. Generic solutions are sometimes inefficient but this system has 

been designed to be highly efficient through using an event-based architecture and dealing 

with time in a special way. The DMS-CA has been deployed for a building incorporating a 

wireless sensor network, and shown to provide a high quality, efficient context-sensitive data 

delivery service. 

 

1. Introduction 
 

The Data Management System-Context Architecture (DMS-CA) has been designed to 

provide context-sensitive services in a smart building environment. This forms a 

specialised part of a general Data Management System (DMS) [1,2,3] that manages data 

in a wireless network based pervasive environment.  

The target smart building application uses a set of wireless environmental sensors 

based on the Tyndall Mote (cf. [2]). This is a multilayer mote incorporating pluggable 

sensor layers. It can support many different kinds of sensors such as temperature, light 

level detection and humidity, and it has previously been used in various applications 

including medical and environmental.  
A variety of implementations of context-aware applications have been reported, e.g. 

[4,5,6,7,8,9,10,11]. An example of a typical application is the Context-Aware 

Personalised Service Delivery [6] that provides an intelligent multi -agent system for 

context-aware service delivery and recommendations to mobile users, As well as 

different applications, solutions such as The Hydrogen Approach
 
[10] address the issue 

of having an appropriate architecture to deal with context.  

The approach presented here tackles similar issues in the context of a smart building 

environment. The main focus has been different, however. The goal has been to produce 

an architecture with a novel set of attributes, namely, that the solution should exhibit 

generality, efficiency and user transparency. This paper presents an overview of the 

DMS-CA and how it achieves these goals. 
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2. Architecture 
 

The DMS-CA takes input from various building sensors, and contextual information 

such as the current user profile, user location, user schedule and current time. The DMS -

CA then executes the contextual rules and when the current context triggers a certain rule 

then the service specified by that rule is executed. Thus a rule might specify that if a user 

enters the meeting room between 3pm and 5pm then a certain file is downloaded to the 

user’s mobile device. Another example might be a rule that is triggered when the 

temperature in an office falls below 22C on a weekday between 8.30am and 5pm, and 

this results in a message being sent to the appropriate activator to heat the office.  

Overviews of the DMS-CA and its architecture are given in figures 1 and 2. As shown 

in figure 2, the architecture comprises of four layers where the lowest layer contains the 

actual contexts and services that are registered for a particular application and the other 

layers deal with the definition and execution of the rules that relate services to contexts. 

Each layer is just concerned with the layer it interfaces to. For example, mobile devices 

do not need to know how to control the rule engine nor how to invoke services, and the 

server does not need to know how often the rule engine will check the context. 

The Mobile Devices layer contains all the mobile devices interacting with the server, 

so it is also in effect the client layer. It sends user defined rules to the Mobile Device 

Server, and gets acknowledgement of the service offered when conditions in the rule 

hold. The Mobile Device Server layer is like a controller that interacts with distributed 

clients. This layer is in charge of offering the options the users can use to define rules, 

and of accepting users’ rules and injecting them into the rule engine. Once conditions in 

a rule hold it sends commands to the rule owner’s mobile device to take the specified 

action. The Rule Engine layer checks the context according to all the users’ rules, and 

offers services to users once the rule conditions hold. The context and services are placed 
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Figure 1. Overview of the Data Management System 

– Context Architecture (DMS-CA). 
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on the same layer because their structures and management mechanisms are similar, and 

because they are governed by similar conditional clauses. They are both managed by the 

rule engine. 

The main design characteristics of the architecture are discussed below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.1 Generality  

 

The system is general in that it can be instantiated for an application context that deals 

with a particular building with certain types of sensors, and where particular services are 

offered. The definition of the context elements (such as location, sensor values, time, 

user schedule) and the services that can be invoked by a rule can be done by the system 

administrator using XML specifications, Examples of context and service registration are 

given in figures 3 and 4 respectively.  

An event-driven architecture, where various contexts and services can be registered in 

a standard manner supports this generality. The actual rules defining which services a 

user requires for a given contextual environment can also be defined using XML (cf. 

figure 5) but are more easily done by the user on the mobile device using an 

<context> 
  <time class="time.TimeServer" 

fact_file="time_facts.xml" />  
  <location class="location.LocationServer" 

fact_file="location_facts.xml" />  
</context> 

<service> 
  <message class="server.MessageService" 

action_file="message_actions.xml" 
/>  

  <file class="file.FileService" 

action_file="file_actions.xml" /> 
</service> 

<rule> 
<fact context="time" description="time is 

in range" method="isTimeInRange" 
parameters="15:00-16:30" /> 

<fact context="location" 
description="user's location is at" 
method="isUserLocationAt" 
parameters="/ucc/prefab/prefab 1" 
/> 

<action service="message" 
description="alert" method="alert" 
parameters=""Time to work!"" /> 

</rule> 

Figure 5. Rule file example 
  

Figure 3. Context manager 
registration 

  

Figure 6. The DMS-CA user interface 
  

Figure 4. Service manager registration 
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automatically generated interface (shown in figure 6). Thus the generic architecture can 

easily be deployed for a particular building and an individual user.
 

2.2 Efficiency 

 

The DMS-CA makes each rule subscribe to the context it is logically related to, and 

the rule engine is designed so that only rules which can be fired by a particular context 

event are checked for that event. Time, being linear, is a special context and the DMS-

CA has a built-in time task queue to efficiently check the time context rules. The DMS-

CA then generates an efficient way of checking these rules in order to provide an 

effective means of context-sensitive delivery of data or executing other user prescribed 

actions. 

 

2.3 User Transparency 

In developing a smart environment, such as a smart building, care must be taken to ensure 

user transparency, i.e. that the particular rules of the system are available in a clear and explicit 

form to the user, and that a user can obtain a user-friendly explanation of actions taken by the 

system. The DMS-CA supports user transparency by allowing the user to define the actual 

rules that are used and do so in a user-friendly manner. The user can use the generated 

interface on the mobile device (such as a PDA) to define the set of context rules and services 

for its environment (cf. figure 6). In addition transparency is supported by the explanation and 

history options. These allow a user to obtain an explanation of a particular action (i.e. a user-

friendly text describing the rule that caused the action) and also to see a history of what actions 

have been executed up to now. 

 

3. Implementation 
 

The generic architecture is based on Java events, generic context servers and XML-defined 

application-specific rules, and is designed to be used for a wide variety of smart environments. 

The DMS-CA is also a component within the general DMS [7, 2] architecture. Given that 

contextual information is changing constantly, one needs to avoid unnecessary checking of 

rules at every context change. To implement this, a technique of Event Driven Rule Checking 

is implemented. This method involves each rule defining a set of relevant contexts and 

subscribing to the relevant context changed events, so that the rule is only executed when these 

events are fired. Using this mechanism, rule tasks do not have to check their context 

constantly-they only need to do so when they are notified that a relevant context has been 

modified. Obviously this mechanism increases the efficiency of rule checking.  

The time context is different from other contexts. Linear time means that the change 

events of the time context are predictable. A rule task subscribing to a changed event of a 

time context doesn’t make sense, and therefore the time context is implemented 

differently. A special time task queue has been implemented to support all rule tasks that 

depend on the time context. Consider a rule such as: “If the time is 9:00am and I’m in 

the office, please download yesterday’s building monitoring report to my PDA”. This 

rule’s condition involves both a time context and location context, but it’s clear that it is 

only when the time is 9:00am that this condition has the chance to be true, otherwise it 

remains false. So the rule engine only has to check this rule at 9:00 am, which is once a 

day.  
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The time task queue mechanism is designed to minimize checking. When the rule task 

checks the time context for the first time, the time context will insert this rule task into 

the time task queue. The elements in the time task queue are sorted by the time specified 

in the condition of the rule task. The rule task which has the nearest upcoming time 

comes to the head of the queue. This sorting is done when a new rule task entry is 

inserted. The time task queue is implemented with a heap so that the queue achieves the 

most efficiency while doing work like inserting, removing, sorting.  

The efficiency of the DMS-CA was evaluated by measuring its ability to process 

sensor events and process context rules using the time task queue. It was compared 

against a context-sensitive solution built using the software agent middleware, JADE
 
[1]. 

The efficiency advantage of the DMS-CA is demonstrated in figure 7. Context rules were 

defined on the user’s PDA, and the context-based rules were used to monitor room 

temperature. With JADE and other general purpose software agent based architectures a 

constant overhead is incurred due to the active threads associated with agents. With the 

DMS-CA the memory usage is considerably reduced as only timed events are examined.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion 

A smart building application can provide many benefits to users. The system presented has 

been developed as a completely generic system that can be tailored for particular applications. 

The novel aspects of the system include its combination of generality, efficiency and user 

transparency. The system has been developed in Java and deployed for an application with 

sensors based on the Tyndall mote and where a Dell Axiom PDA has been the target mobile 

device. An evaluation has demonstrated the efficiency of the system in comparison to an 

alternative agent-based solution. 
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Figure 7. Comparison of  JADE and DMS-CA 
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