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1
Introduction

With the development of network, fixed network, mobile network and IP computer network will converge, and next generation network will be uniform and integrated. It is based on IP and data network, and distributed computing and communication technology is imported into it so as to provide different application according to network QoS. Middleware technology is adopted to minimize the cost for developing, deploying and managing network application. In this draft, service middleware for next generation network is deeply studied. Traditional middleware and mobile middleware are integrated together to provide uniform platform so as to achieve flexible programming model (beyond C/S model) and self-adaptive ability in dynamic environment.
2
Requirements of NGN Service Middleware
1) Complicated network environment should be considered in service middleware in NGN. 

2) Interoperability of different platforms in NGN should be solved.

3) With regard to QoS, service middleware in NGN should not only use network QoS, but also use end-to-end QoS such as CPU and buffer. 

4) Service middleware in NGN should solve the problems about how to find and use environment information or context aware. Context means the set of environment status and setting and it can be classified into computing context, user context and time context. Service middleware in NGN should express context in uniform model and converted original information to understandable XML format, then distributes them to specific application. 

5) Current network has much transparency. Full transparency to application may cause function and performance sacrifice. So service middleware in NGN should adopt adaptive policy that means using adaptive optimization in network and using application specific interface to adjust parameter. 

6) Service middleware in NGN should provide flexible programming model to application. Besides traditional C/S model, it should also included mobile agent model, P2P model and asynchronous message model.

7) To develop services rapidly, service middleware in NGN should adopt model driven architecture, map platform independent model to platform specific model.

3
Architecture of Service Middleware of NGN
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Figure 1: NGN Open Service Middleware Architecture

1) Firstly, construct structure of middleware shown in Fig.1, the structure combines traditional middleware and mobile middleware. It is divided into different layers; Network layer is based on IP (implement QoS, mobility and security) and XML interface is used to exchange data between traditional middleware and mobile middleware.

2) Construct the structure of mobile middleware according the mobile environment in order to solve some questions such as limited resource, connection instability. Service agent and transport tunnel are imported, request is transferred from mobile terminal to service agent and result is transferred from service agent to mobile terminal. The structure is shown in Fig.2, which includes terminal domain, visited domain and home domain. Terminal domain is client and it contains ORB service agent, mobility event supplier and terminal bridge (TB). Visited domain exists in fixed network and it contains service and access bridge (AB). Home domain provides location transparent service, it contains naming service and home location agent (HLA).
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Fig.2 Mobile Middleware Structure

3) Construct resource management service and unify network resource and end system resource. Its structure is shown in Fig.3. Resource management service provides interface to application, context service and adaptation service.
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Fig.3 Resource Management Service

4) Use context service to observe and report context information such as system resource, user location. Context information is expressed by composite capability/preference profile (CC/PP) protocol. Context service has a vertical structure, it has interface from application to middleware, from middleware to OS, from OS to network. Context information is imported into adaptation service.

5) Adaptation service (self-adaptation or application adaptation) uses context information to optimize according environment. Push or pull operation is used in the interaction between adaptation service and context service.

6) Use reflective technology to improve dynamic adjustment ability. Reflection is ability about self-reasoning and acting, it can present some internal data, structure and behaviour to be accessed and modified by external application. Reflective interface are included in adaptation service, resource management service and internal of middleware. As shown in Fig.3, reflective interface of adaptation service is used by application to adjust operation behaviour and reflective interface of resource management and middleware is also used by adaptation service.

7) Besides traditional C/S programming model, some other model such mobile model, loose-coupled message model and asynchronous model must be concluded in middleware.

8) Use MDA structure to research interoperability between different middleware platforms. Though MDA architecture, system integration and technology platform independence can be improved.

4
Internal Interface, Data and Control Flow of Service Middleware for NGN

Internal interface and data/control flow is shown as Fig.4. The middle part is integrated core of middleware and peripheral part is adaptive service interface, resource management interface and context service interface. The middleware core and peripheral services is interacted using adaptation operation and reflective interface, and context is expressed using CC/PP.
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Fig.4 Data/Control Flow of Next Generation Network Service Middleware
5
Application of middleware in NGN
As shown in Fig.5, middleware is the communication channel. Through middleware, the network resources are used by applications, which is useful to introduce new services. 
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Fig.5 Application of service middleware in NGN

Based on the above middleware, many services are developed.
1) Packet based voice and enhanced services, including IP Centrex, call waiting, call transferring, conference and personal call management.
2) Collaborative services, including unified messaging, instant messaging, click to dial, click to fax and location based services.
3) Video streaming services, including VOD, Pay TV, E-Learning, E-Hospital and Video/Streaming/Web.

4) Electronic business and amusement services, including VPN, mobile business and interactive games.

6
Conclusions and Proposal

This draft analyzes requirements, structure, data/control flow and application of NGN service middleware and we suggest that add into Y.NGN-FRM.

7
Abbreviations

API
Application Programming Interface

MDA
Model Driven Architecture

NGN
Next Generation Network 

QoS
Quality of Service 

SCE
Service Creation Environment

SLEE
Service Logic Execution Environment

SME
Service Management Environment
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