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Abstract 

 

Service-oriented computing (SOC) is emerging to be an important computing paradigm of 

the next future. Based on context awareness, this paper proposes an architecture of SOC. A 

definition of the context in open environments such as Internet is given, which is based on 

ontology. The paper also proposes a supporting environment for the context-aware SOC, 

which focus on services on-demand composition and context-awareness evolving. A reference 

implementation of the supporting environment based on OSGi
[11]

 is given at last. 
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1. Introduction 

Open, dynamic and hard to control are inherent attributes of Internet platform. These 

attributes bring challenges to develop, deploy, run and maintain software in such a 

platform. In order to tackle these challenges, service-oriented computing (SOC) has 

emerged as a promising computing paradigm for the next future. In SOC, services are 

autonomous and platform-independent computational elements which can be described, 

published, discovered, orchestrated, and deployed with standard protocols
[1]

. Under this 

paradigm, the most attractive thing is to let autonomous stand alone services cooperate 

with each other by certain kind of mechanism which will finally generate a distributed 

computing network. 

To accomplish on-demand service composition and context-aware evolving, many 

aspects should be studied including context representation, context-aware mechanism, 

self-adaptation of services, and co-evolution among services. 

Context description and collection are the basis for auto-evolvement of SOC style 

application. Therefore, this paper gives a definition of the context
[13]

 based on ontology, 

including the static description and dynamical runtime information of services. Then a 

context-aware architecture is proposed in this paper. The mechanism of service on-

demand aggregation and dynamically evolvement under this architecture are described. 

Moreover, a design of the supporting system which will work as a middleware to help 

build the application under this architecture is given. Finally we give a reference 

implementation of the supporting system.  

The remainder of this paper is organized as follows. Section 2 proposes the context-

aware architecture, and explains how the autonomous services composed together 

cooperate and evolve dynamically with the awareness of the context changing. Section 
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3 gives the detailed definition of the context ontology. A model of the supporting 

environment base on the architecture is presented in section 4. The reference 

implementation of the environment is given in section 5. Section 6 discusses the related 

work and section 7 concludes the paper with future work. 

 

2. Context aware architecture 

Service model was introduced to represent the interactive relationship between the 

stand alone autonomous services. The typical service model includes three actors which 

are service provider, service requester and service register. With the help of service 

register, a service requester could locate its required service providers automatically 

and establish a virtual running environment for certain application requirement. 

Definition(Service Entity): Service entity in our context aware architecture is a 

computing entity which has certain service requirement or some serving abilities or 

both. It needs other service entities to satisfy its requirements as well as serves other 

service entities. That is to say, it could be a service requester or a service provider or 

both.  

Definition (Service Context Address): This address is a URL which can be used to fetch the 

whole context of a service entity. The directory service will hold such addresses. Figure 1 

presents the context aware architecture of SOC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  1. Context-aware Architecture for SOC. 

 

A typical running scene under this architecture is shown as follows. (1) Service Entity B 

registers itself to the light-weight directory service. (2) After registration, Service Entity A 

looks for candidate services which can satisfy its requirement through the directory service. 

The result returned from the directory service is the addresses of context description of 

candidate service entities. (3) Entity A fetches the context of each candidate service, which 

includes static information such as ability description and dynamical information such as 

runtime status. (4) Entity A compares the acquired context with its own requirements to 
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choose a suitable service entity and then builds an aggregation relationship with the selected 

service entity. Repeating the previous steps several times will form a virtual running 

environment (VRE). (5) After that, Entity A will subscribe to context transformations which 

it cares about from every service entity in the VRE. (6) Start the execution of the application 

by Entity A. If the subscribed context transforms during the execution, it will be published to 

Entity A. Entity A will adjust the execution according to the transformation based on some 

rules, such as looking for a new entity which will satisfy the requirements. The VRE evolves 

dynamically then. 

 

2.1 Light-weight directory service 

In this paper, the directory service is light-weight because the information stored by 

the directory service is not the whole context of a service entity but an address of the 

context. 

The context which can influence the composition of service entities includes both 

static and dynamical information such as function description, interface, running status 

and environment description. Even the static information would change during the 

service entity’s lifecycle. If all these information are maintained in the directory server, 

it will cause bandwidth consumption and heavy loading pressure. As a result, we just 

store the address instead of the complete context in the directory server since it is 

relatively stable. 

Centralized directory service is also not suitable. For services running on the Internet 

platform it will become the performance bottle-neck of the whole system. In this paper, P2P 

technology is used to construct a distributed directory server. The service name is recognized 

as hash information. Each directory server acts as a P2P node. The address of the context is 

stored on corresponding server by using the chord algorithm[7]. 

 

2.2 Service discovery and on-demand aggregation based on context 

As mentioned in the previous section, the directory service will store the context 

address of various service entities. So, through these addresses we can get complete 

context information of other services entities, which include the services provided by 

those service entities and related non-functionality abilities. By comparing such context 

information with the context that belongs to the service requester, we can finally 

determine which service is most suitable for the service requester. When the context of 

the service provider transformed, the service requester will reevaluate the suitability of 

the service provided by the service provider based on the transformed context and 

determine whether or not to choose another more suitable one.  

In the SOC context, an application requirement will be accomplished by several 

composited service entities. The service entity which issues the requirement is called 

the main service entity which is responsible for discovering and compositing relative 

service entities according to their context and the application requirements. The VRE 

will then be formed after the on-demand integration process. This could be a nesting 

process, that means service entity A which was chosen by the main service entity might 

initiate a new process to discover and composite other service entities to help itself 

accomplish the service used by the main service entity. 

This paper focus on how to realize on-demand integration based on context, so we make 

following assumptions. One is that we only concern which elements in the context will be 
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used to match the application requirements, the exact value of the element is not concerned. 

We assume that among service entities there is a same semantic interpretation between the 

value of the context elements and the value of the requirements. For example, the main 

service entity’s functional requirement is “order”, and the candidate service entity’s context 

has a functional description called “purchase”. The problem whether the two terms have the 

same meaning is out of the scope of this paper, it could be answered by ontology 

reconciliation or other same technology
 
[2]. Another assumption is that the service provider 

and requester can reach a consensus on the service interface on semantic level. When the 

requester gets the interface description from the context, it knows exactly the meaning of each 

parameter and the return value. Context based service discovery is accomplished by using the 

light-weight directory service. 

 

2.3 Dynamic evolvement based on context awareness 

The VRE is dynamically changing with the transformation of the context of each 

involved service entity. This paper introduces a subscribe/publish mechanism to support 

context awareness. As soon as the composition relationship is formed, the service 

requester will subscribe to its interested contexts from the selected service entity. When 

the transformed context of the service provider is published, the service requester can 

be aware of such transformations and it will check the updated context of the service 

provider to see if the service provided by the service provider is still satisfy its 

requirement and if it found the service can never satisfy its requirement it will begin to 

self-adjust or start a new composition process to implement dynamic evolvement. 

Self-adjust behaviors include waiting for some time to see whether the context of the service 

provider will transform or not. If the context transformed, the service requester will 

reevaluate the context to decide whether the service provided by the service provider can still 

be used or not. If the result is positive, there is nothing needs to be changed, or a service 

discovery process will be launched by the service requester to found new services. The user 

can also specify their own self-adjust behaviors and associate such behaviors to designated 

contexts, when these contexts transformed, related user defined self-adjust behaviors will be 

activated. The context awareness and dynamic evolvement process is transparent to the 

application user. 

 

3. Service ontology 

In an open environment, an explicit and semantic context description for services is needed 

as the foundation for the evolvement of services and services composition. We have defined 

an internet ontology use RDF/OWL [10] to model service context. For detail about internet 

ontology, please see [13]. The SOC supporting environment proposed by this paper will use 

this ontology to represent and maintain the context related to service entities. Note that the 

service context ontology could be extended and improved continuously. 

 

4. Supporting environment of context-awareness service composition 

The supporting environment for context-awareness services composition is composed of 

context aware supporting system and runtime supporting system shown in Figure 2. 
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Figure 2. Supporting environment for context-aware service composition 

 

The context aware supporting system is responsible for collecting, managing, subscribing 

and publishing context, to give fundamental support for context awareness of the on-demand 

service composition. Runtime support systems include life cycle management, service 

invocation and auto-adaptation framework, which provided runtime support for the service 

entity. The supporting system runs as a middleware for every service entity. The functions of 

the main components are introduced as follows. 

� Server access component. This component is used to communicate with the P2P-

based directory server, to complete the registration and logout of the service entity, 

and to fetch the context description address of service entities. 

� Service selecting component. This is the core component to implement on-demand 

composition, used by the service entity to select suitable services. With the help of 

the server access component it gets a list of contexts of candidate service entities 

and selects a suitable one from them based on the context. After the service 

provider is chosen, this component will use the context aware supporting system to 

accomplish two things. One is to update the run-time context ontology library to 

show which requirement is satisfied by which service entity. The other is to 

subscribe to the interested context elements from the service provider. 

� Auto-adapt supporting component. This component is the receiver and processor 

of the context transformation. In this paper, we use a rule based reasoning 

mechanism
[4]

 to construct the auto-adapt supporting component to make the service 

entity  evolve dynamically. The service entity can register a set of customized rules 

to the component for responding to transformation of specific context elements. 

� Context ontology access component. This component is responsible for creating 

and maintaining the run-time context ontology library. 

� Message component. This component is used to maintain the context subscribing 

relationship. When the subscribed context element changes, it will be published to 

relevant service entities through message oriented middleware. In this paper we use 

the Probe-Gauge model in the Rainbow system
[8] 

to acquire the context 

transformation, and use the Context Provisioning method in paper[9] to transfer the 

message. 

 

5. Reference implementation 
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To validate the work of our paper, we implement the supporting environment based 

on OSGi
[15]

. Each OSGi platform holds several bundles and each bundle represents a 

single service entity. A bundle need to register itself to a OSGi platform along with its 

service description address as parameter, so other bundles can get the service 

description based on the address and to check whether to use it or not. We also use R-

OSGi
[12]

 to integrating stand alone OSGi platform to form a OSGi platform cluster. The 

context will be collected from three different sources: the environment, the service 

entity itself, and other service entities. The context of other services will be collected 

through the publish-subscribe mechanism. 

In our implementation, we treat scalability as the most important part of our supporting 

environment. We believe our supporting environment can suitable for as many application 

scenarios as possible. So, many important components in our reference implementation can 

be extended easily. These include local and remote probes, persistent strategy, context 

acquisition strategy, service selection strategy and self-adaptation strategy and so on. We also 

separate the context awareness support system and the runtime support system, so both can be 

used with other context awareness strategies or on-demand aggregation and self-adaptation 

strategies. For more detail, please see [13]. 

 

6. Related work 

Two key issues need to be tackled when implementing a context-aware service-

oriented system. The first one is how to describe the context and second one is how to 

establish and maintain composition relationships based on the acquired context. 

For the former issue, ontology seemed to be the most popular answer for its widely 

acceptation and semantic functionality. There are two different ways to using ontology 

to represent context. The first way is to allow independently designed ontology exist 

and then use ontology reconciliation
[2]

 to hide the difference among ontologies. The 

second way is to define a unified ontology, and use this ontology as a standard to 

represent the context. This strategy eliminates the need of reconciliation. The problem 

of the former way is its complexity and imprecision, as the structure of different 

ontology may vary very much. And the result of the reconciliation is dependent on the 

algorithm used. The problem of the second is it is impossible to define an ontology 

which can represent every concept in every area. In this paper, our strategy to represent 

the context is much more like the second way aforementioned. The difference is that we 

are not trying to propose an ontology which includes everything, but we provide an 

extensible one. If somebody finds the original one is not sufficient, it can be extended 

easily. 

Toward service composition, many research efforts have been put into service on-

demand composition and auto-adaptive evolvement. The traditional way to composite 

services need people to specify composition rules first, for example, specifying the 

functional and non-functional requirements of each service which form the composition 

service. It makes the composition service difficult to adapt to the changing environment. 

This approach is clearly not suitable for a SOC paradigm, since applications are rarely 

constructed from scratch, but are always composed from existing service components. 

So, an application transparent method needs to be proposed for this type of service 

composition. Moreover, such a method also needs to monitor the execution status of the 
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composition service and dynamically adapt the behavior of the composition service 

response to the rapid changing environment. 

Some research focus on how to composite different services based on a context 

awareness way. Paper [3] and [4] use historical information to aggregate services to 

form a composition service. Paper [3] proposes an application-specific middleware to 

composite services adaptively based on a role structure. An organizer is responsible to 

compose different service based on some QoS information. This method is more 

suitable for coarse granularity services. For a service which provides the adding 

operation, it is hard to relate such fine granularity service to a role. Paper [4] uses data 

mining technology for service selection. The invocation history of a service will be 

recorded in a warehouse, and during the selection process, the historical information 

will be used to generate a service selection model. A service will finally be selected 

based on the user defined quality goals together with its history records. 

Agent based solution are also used to tackle the problem of service composition and 

autonomous evolvement
[5][6]

. But until now, it is still very hard to construct agents, and 

this will bring significant complexity to systems for adopting such methods. 

The supporting environment provided by this paper aims to balances application 

transparency and implementation complexity for context-aware service composition. The 

supporting environment proposed in this paper will support the whole life cycle of context-

aware composition service, from service selection to composition service evolvement. With 

low invasiveness and high extensibility, our supporting environment will satisfies the 

requirement of context-awareness service composition. 

 

7. Conclusion 
 

This paper focuses on context aware SOC. We concluded which elements should be 

included in the context of the Internet computing environment and gave a definition of 

the service context based on ontology. A context-aware architecture for SOC is 

proposed. This paper explains how the service entities are aggregated together to 

cooperate under this architecture and evolve dynamically with the awareness of the 

context changing. Furthermore, the structure of the supporting environment is given and 

the function of each component is described. The supporting environment acts as the 

middleware to support the implementation and execution of the context-aware service 

composition. Finally, a reference implementation is proposed. 

The future work includes improving the service context ontology and our reference 

implementation. We will make our reference implementation support P2P based addressing 

and provide a better service selection. 
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