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Our project proposes and implements a system for seamless integration of HP E-speak E-services and IBM Aglet mobile agent applications onto a common platform. The developed software enables all applications written in Aglets and E-speak to create joint services across the two platforms. It establishes an environment for collaboration, intercommunication, translation, and bridging. The whole design is thereby highly reusable and portable. This paper also analyses the requirements of E-Commerce and elaborates how effectively a combination of Aglets and E-speak can provide the necessary resources. We suggest a common model for Aglets, E-speak, and traditional Internet components that enhances performance through synergies. The integration combines the advantages of each technology in its respective domains.

1 Introduction

An Aglet is a Java-based autonomous mobile software agent. It is a program that can halt itself, ship itself to another computer on the network, and continue execution at the new computer [9]. The agent doesn't restart execution from the beginning at the new computer; it continues where it halted on the last host. The key feature is that both its code and state are mobile. Aglets are autonomous because they control their own lifecycle, receive requests from external sources, and decide to perform actions independently [8].

E-speak is an open-source software platform for creating, composing, mediating, managing, and accessing Internet-based E-services, developed by Hewlett Packard [2]. These E-services can interact with each other to advertise capabilities, discover other E-services, and ally with each other to offer new functionality. E-services can even negotiate to broker, bill, manage, and monitor each other. This is all accomplished in a dynamic, platform-independent, ad hoc, yet secure manner. E-speak-enabled services can communicate through public networks, past network firewalls, and to non-networked devices through low-level protocols [1].

The process of defining how to implement multi-enterprise E-business models becomes increasingly complex and difficult to manage. Many activities to solve these problems have been undertaken with the help of mobile software agents. Until now, however, most of these projects have been stand-alone implementations, unable to interact with each other.

2 Benefits of the Integration of Aglets and E-speak

2.1 Characteristics of E-speak
At the core of E-speak is a service brokering architecture, which mediates between service providers and the customers [1]. It provides a dynamic ecosystem of 
E-Commerce entities offering Internet-based services. A typical request would be broken down into simpler requests, for each of which the set of service providers is dynamically discovered [4]. Bids are requested from each of them and the one best matching is selected. A final service package is created, whose delivery and billing is negotiated. This E-broker discovers, composes, and completes a serious of transactions ‘on-the-fly’. Contributed services include event aggregation, authentication and encryption, metering and billing, and firewall traversal [5].

E-services could be a travel agency, an airline, a hotel in Manhattan, a limousine service, and a flower delivery. A customer may want to visit Manhattan with his wife, having a limousine picking them up at the airport and driving to the hotel, where he wants a room higher than the eighths floor and view to Miss Liberty, while flowers for his wife are delivered to his room right after arrival.

This highly complex request could be entered to the travel agency E-service. This could lead to a dynamic discovery of the airline, limousine, hotel, and flower 
E-service individually and ‘on-the-fly’ combine them into the complex service request. Then, the travel agent service would bill the businessman for the whole bundle and cover the costs for its other requested services. 
E-speak additionally provides the functionality of mediation. The travel agency E-service could monitor the airline service and discover that the flight was actually delayed. It would automatically reschedule all the other services and inform the customer through his hand phone about the rearrangements.

Additionally, E-speak is compatible with major 
E-Commerce frameworks that include CommerceNet, RosettaNet and Microsoft BizTalk Server as well as with major E-Commerce standards that include OAG (Open Applications Group), OMG (Object Management Group), OFX (Open Financial Exchange), W3C (World Wide Web Consortium) and TOG (The Open Group) [2].

2.2 Information Exchange in 
E-Commerce, Aglets and E-speak

Many of today's E-Commerce applications include complex business processes with a large number of concurrent tasks. These tasks may persist for a long duration, may require long waiting times, and could be nested within other tasks. Additionally they are highly asynchronous, expose continues changes and may configure on the fly.

Thus, any flat conversation management, like message exchange, lacks the scalability for handling and tracking such sizable applications. Unfortunately, message exchange is the way Aglets interact [8]. Any more complex transactions in Aglets are usually implemented through a centralized scheduling architecture, where one Aglet host serves as a coordination unit. This may work well within one single enterprise, but causes serious problems for inter-enterprise transactions.

E-speak, on the other hand, evolved from the Distributed Computing paradigm. A typical complex E-speak request is broken down into simpler requests. The set of service providers for each of these simple requests is then dynamically discovered. Subsequently, the best match is invoked, and its execution mediated [4].

2.3 Bulk Data Transfer in E-Commerce, Aglets and E-speak

As personalized, continuously running and semi-autonomous entities, Aglets communicate via message exchange [8], which may not be suitable for bulk data exchange. Routing and caching a large amount of data imposes a considerable burden for Aglets. For example, moving data between an operational database and a data warehouse via an Aglet is very unlikely. It seems necessary to separate bulk data transfer and Aglet cooperation into different environments.

E-speak can provide asynchronous and synchronous communication in the same environment [3]. Bulk data transfer is an easy task for E-speak as well as for other distributed computing environments, like CORBA and RMI. It fits closely into distributed computing and is a direct extension from Networking Transport Protocols (like TCP/IP).

2.4 XML as Joint Communication Language in Aglets and E-speak

In today's technical world many different domain specific ontologies are used. Ontology refers to the common vocabulary and agreed semantics specific for a subject domain. Currently, XML is in the process of solving this problem. Through the use of DTD (Document Type Definition) each sector can create its own semantic that fits individual needs and yet remains generally usable across sector boundaries. Consequently, E-speak provides support for XML in its API [6].

Aglets communication through messages could adopt the XML format for its message payload and conform with communication in modern E-Commerce and most new Internet applications. 

The software developed during this project implements a proxy server between the Aglet world, E-speak and the Internet [10]. A DTD-based interpreter would enable document-driven Aglet cooperation. Moreover, it would allow Aglets to share ontologies for multiple or even dynamic domains. In this way, the cooperation of dynamic Aglets would support plug-and-play commerce; mediating businesses that are built on one another's service. Aglets would acquire some of the key functionalities of E-speak.

2.5 Firewalls in Aglets and E-speak

Internet-based E-Commerce involves multiple enterprises separated by firewalls, having self-interests and individual data sharing scopes. They need support for peer-to-peer interactions instead of conventional centralized workflow systems for E-Commerce automation.

One difficulty for the Aglet technology to fit into this picture consists in the limitation of its coordination model, which assumes a coordinator in each group for facilitating naming and resource services [7]. It is unlikely for the Aglets belonging to different enterprises, to form a single Aglet group, or domain to facilitate coordination across enterprise boundaries. 

E-speak on the other hand has Firewall Traversal and fine-grained access control as one of its Standard Services. The E-speak Engine can be inserted at multiple points in the chain between clients and remote services [5]. These remote services act and look just like a local service, since the E-speak Engine acts like a kernel [2]. Thus, the administrator can see and control access to services inside his network and firewall traversal is supported.

2.6 Collaboration in E-Commerce, Aglets and E-speak

An E-Commerce scenario typically involves the following activities: identifying requirements, brokering products, brokering vendors, negotiating deals, or making purchase and payment transactions [8]. Mobile agents, driven by a set of beliefs, desires and intentions (BDI) could be used to mediate users and servers to automate a number of the most time-consuming tasks in E-Commerce, with enhanced parallelism.

However, the previous "proof-of-concept" efforts do not scale well in E-Commerce automation [9]. An essential reason is that the agent infrastructure is primarily designed for intra-enterprise, group-based mobile agent cooperation. To my knowledge, there is no sizable, inter-enterprise E-Commerce application using a mobile agent system ever deployed. 

The E-speak Service Framework Specification (SFS) defines standard business interactions and conventions as XML documents that allow E-services to dynamically discover and negotiate with each other and compose themselves into more complex services [4]. Unlike traditional software component frameworks, E-speak’s SFS defines loosely coupled asynchronous messaging based on the XML document exchange model. 

2.7 Dynamics in E-Commerce, Aglets and E-speak

E-Commerce applications involve a large number of heterogeneous information sources with evolving contents. Dynamic relationships among a large number of autonomous service requesters, brokers and providers are common. To support such dynamics, an E-Commerce infrastructure must support the cooperation of loosely coupled E-Business systems [9]. Aglets with predefined functions but without the ability to modify their behavior dynamically may be too limited for mediating 
E-Commerce applications properly. They cannot adjust their behavior to participate in dynamically formed partnerships. 

Turning Aglet cooperation from conversation-level to process-level could be a solution. In general, businesses collaborate following certain business processes. Such business collaboration usually involves multiple agents, each responsible for managing or performing certain tasks that contribute to the process. Adding inter-enterprise cooperative process management capability into agent-based systems is critical for these business collaborations.

E-speak's Service Framework Specification (SFS) creates an open service model, allowing all kinds of digital functionality to be delivered through a common set of APIs [4]. SFS presents a uniform service abstraction and mediated access. New service types and semantics can be dynamically modeled using the common service representation of an E-speak resource. 

2.8 A Combined Model for Aglets and 
E-speak

Many E-Commerce applications include complex business processes and involve multiple enterprises. To handle such applications through simple Aglet messaging is not scalable and through centralized servers is unreasonable. One approach is to lift Aglet cooperation from the messaging level to the process level, and from centralized process management to peer-to-peer cooperative process management.

These goals could be achieved through the use of 
E-speak and XML in combination with Aglets. The use of E-speak could allow Aglets to communicate across enterprise boundaries, with fine-grained access control, firewall traversal and other infrastructure services. 
E-speak could provide a messaging service to each Aglet domain coordinator within one enterprise. This service would then become the single gateway to the Aglet domain, and could be made standard for all Aglet domains. Within a domain, the domain coordinator could forward messages to other Aglets using intra-domain Aglet messaging.

This environment and architectural framework was developed during this project and the source code is available upon request [10]. This project implemented, among other functionalities, the communication in the publish/subscribe mode between any number of E-speak cores and Aglets. By using this feature, when an Aglet intends to buy some electronic parts, e.g. instead of checking the vendor Aglets one by one, it can publish an availability-check message, and E-speak can broadcast this message to the entire mass of vendor Aglets who subscribe to this message. This works easily across enterprise boundaries and across firewalls. 

Modern telephone infrastructures perform a separation of the signal network and the voice trunks. The same model could be applied to an environment where Aglets and 
E-speak are present. Aglets' messaging network together with the above mentioned E-speak backbone for cross-enterprise messaging could then build the cooperation infrastructure. To transfer large amounts of data, for example, moving data between an operational database and a data warehouse, direct connections through an 
E-speak service bus could also be established in this scenario. This would ensure the required data throughput for E-Commerce. A separation in control information and data of business processes may lead to more efficiency and eventually also to more privacy.

Finally, XML might be used as lingua franca to enable compatibility between Aglets, E-speak and other Internet-based services. Aglets could deploy the XML format as a standardized way to represent their message payload, while E-speak provides build-in support in form of an XML API, implemented through E-speak's WebAccess. This might lead to compatibility even with many other technologies, as XML is expected to become a universal standard.

3 Architectural Overview for an Integration of Aglets and E-speak

During this project, a software collection of utility methods necessary to perform collaboration between Aglets and E-speak was successfully developed. The provided software can be used for every existing application written in E-speak or Aglets to create common services together with any number of other Aglet and E-speak applications. It is designed with a strong emphasis for reuse and portability and is, therefore, implemented platform-independently in a highly modular way [10].

The system consists of three sub-systems: E-speak client, Aglet client and Bridge Manager. The E-speak client operates in a pure E-speak environment and provides access for external E-speak legacy applications. The Aglet client is hosted in pure Aglet environment (i.e. on a Tahiti server) and serves as a gateway for other Aglets. The Bridge Manager is the heart of the system. As combined unit of the E-speak's and Aglets' environments, it communicates and interacts with both technologies and constantly translates and bridges between the two systems. This entity allows collaboration, intercommunication, translation, and bridging between every E-speak and Aglet application. The three subsystems are shown in Figure 1.
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Figure 1: Overview of the Use Cases

Figures 2 to 4 provide a detailed view of the use cases contained in each individual subsystem.
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Figure 2: E-speak Client Use Case Diagram

E-speak Client software:

The E-speak Client environment includes a Client 
E-speak Core where the E-speak Client software connects to and runs on top of it. The main purpose is to provide access for external E-speak legacy applications to the collaboration functionalities provided by the Bridge Manager system. 

Aglet Client software:

The Aglet Client software operates from inside a Client Tahiti Server and exports software interfaces to Aglet legacy applications. This system mainly serves as a gateway for Aglets to deploy the Bridge Manager's collaboration services.
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Figure 3: Aglet Client Use Case Diagram

Bridge Manager Software:

The Bridge Manager consists of both, a Bridge E-speak Core and a Bridge Tahiti Server. This combined unit together allows collaboration between any E-speak and any Aglet environment. The operating system hosting this entity needs to have both, the configuration required for the E-speak environment and the configuration required for the Tahiti Server and Aglets environment. 
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Figure 4: Bridge Manager Use Case Diagram

There can be many instances of E-speak Client systems, Aglet Client systems and Bridge Manager systems. Collaboration between all those entities will still be maintained and they can form different communities of collaboration. Multiple memberships in different communities, as well as dynamic entries and leaves are also possible [10].

4 Design Principles for an Integration of Aglets and E-speak

4.1 Choosing the E-speak Interface

Two interface options are available with E-speak:

J-ESI:

This interface to E-speak is based on Java and allows interaction with the E-speak core or E-speak services through APIs (Application Programming Interfaces) [3]. Computational Services fit well with this API style model. The API model typically assumes knowledge of the exact interface at programming time; usually through importing the IDL (Interface Definition Language) definitions at compile time to generate the stubs needed.

WebAccess:

This interface to E-speak is based on XML (Extensible Mark-up Language) [6]. Informational, business or broker type services fit well with the document mode. The client can discover changes or extensions in the document model when he downloads the schema (DTD; Document Type Definition).

4.2 Overview of Creating E-Services

The procedure of building and deploying an E-service with J-ESI involves three main steps:

· Specification of the interface for the service.

· Writing the implementation code for the interface.

· Deploying the service.

The interfaces used with J-ESI (Java E-speak Service Interface (Java-API)) have to conform to the E-speak IDL (Interface Definition Language) [3]. The next step is to specify relevant attributes and use the vocabulary service to describe the E-service. The E-services can be discovered across multiple groups of E-speak Cores. Interactions between E-services are mediated by the 
E-speak infrastructure [2].

4.3 The Service Contract

The service contract (interface) is defined as an E-speak IDL, which is similar to the Java-RMI IDL For every method defined in the interface, the stub class contains the code to create messages, marshal parameters, and send it to the service provider [3].

4.4 The Event Model

E-speak’s Event Service is an extensible service targeted at loosely coupled, distributed applications. Events provide a publish-subscribe mechanism for communication built on top of E-speak messaging [4]. A Publisher is an entity that generates an Event notification message. The recipient of an Event notification is called a Listener. A Distributor is an extension of a Listener. It receives Events and forwards them to other Listeners. A Subscriber is an entity that registers interest in a particular Event with a Distributor and designates the Listener to whom Events are sent.

4.5 Communication in Aglets

Inter-Aglet messaging requires an Aglet to implement handlers for the kinds of messages that it is supposed to understand [7]. The message-handling method is not directly called, but a proxy serves as a message gateway for the Aglet and therefore provides a location-independent interface for sending messages to Aglets. Messages in Aglets can be any type of objects. 

4.6 Aglet Collaboration through Proxies

An Aglet is fundamentally a mobile event and a message handler. Associated with each Aglet is a proxy object that acts (1) as a shield to avoid uncontrolled access to the Aglet’s public methods and (2) as a convenient handle for a local, remote, or deactivated Aglet [8].

5 Summary of Use Cases for Integration of Aglets and E-speak

5.1 ‘Distribute Events’
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Figure 5: Distribute Events Collaboration Diagram

When the Bridge Manager software is started, it automatically initializes the Bridge E-speak Core. Then, it establishes a connection to the Core and creates an instance of the E-speak Event Distributor feature. After the Event Distributor is registered with the given connection all results are verified. Any E-speak Client being properly connected to an E-speak Client Core can register as a publisher and subscribe for notification for a given event type. This is done by the E-speak Client through invoking the Manage Connection use case. Whenever a registered publisher sends an E-speak event notification, the E-speak Event Distributor feature will forward this event to all registered E-speak subscribers. These events can carry any type of object as payload. This feature implements forwarding of objects among 
E-speak Client Users. 

5.2 ‘Establish Connection’
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Figure 6: Establish Connection Collaboration Diagram

Whenever the start-up routine of our system is invoked, it triggers the Client E-speak core or the Bridge E-speak Core respectively to initialize. The Client E-speak core or the Bridge Manager Core and the E-speak Client software or the Bridge Manager software respectively then establish an E-speak connection to the Client 
E-speak Core and from there to the Bridge E-speak Core or respectively directly to the Bridge E-speak Core. The connection parameters are read in from the corresponding property file. The E-speak Client software or the Bridge Manager software then register with the Bridge E-speak Core as the E-speak event publisher for the given event type. The E-speak Client software or the Bridge Manager software subscribe as receiver for 
E-speak event notifications of the given event type. All results are continuously verified and if necessary the corresponding exception handling is applied. 

5.3 ‘Send E-speak Object’
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Figure 7: Send E-speak Object Collaboration Diagram

After the E-speak Client software has successfully initialized; the Client GUI is presented, and the Client 
E-speak Core is set up and running, an E-speak object can be send. The Client E-speak Core has therefore already established a connection, registered as publisher, and subscribed for notifications with the Bridge E-speak Core by invoking the Establish Connection use case. The Client software can now send any kind of object to the Bridge Core. This object is attached as payload together with the notification for an E-speak event. At the Bridge E-speak Core, the Distribute Events use case will take care of the distribution to all E-speak Client Users. Additionally, the Notify E-speak Event will take care of the distribution to all Aglet Client Users. As usual, all results are continuously verified and respective exception handling applied. The object supplied from the E-speak Client User will thus be forwarded to all other E-speak Client Users and all other Aglet Client Users registered for notification. 

5.4 ‘E-speak Event Notification’

This use case can be invoked after the E-speak Client software has successfully initialized and the Client 
E-speak Core has established a connection, registered as publisher, and subscribed for notifications. The Bridge 
E-speak Core then invokes this use case when it connects to the Client E-speak Core and sends an E-speak event notification to the E-speak Client software. The object provided together with the E-speak event notification message will be extracted and its object-type identified. The Receive Object use case will be invoked to handle the respective object-type. That use case will display the received result in the according way inside the Client GUI and make the object available for external software. The notification from the Bridge E-speak Core will thus be handled and the according action for the respective payload-type taken. 
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Figure 8: E-speak Event Notification Diagram

5.5 ‘Release Connection’
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Figure 9: Release Connection Collaboration Diagram

In order to free the resources occupied by E-speak, the 
E-speak connection can be released. The E-speak Client software or the Bridge Manager software unsubscribe as receiver for E-speak event notifications of the given event type. The E-speak Client software or the Bridge Manager software de-register with the Bridge E-speak Core as the E-speak event publisher for the given event type. Then, the E-speak connection to the Client E-speak Core and from there to the Bridge E-speak Core or respectively directly to the Bridge E-speak Core is closed down. Any additionally allocated resources are also released and all results are verified. 

5.6 ‘Send Aglet Object’
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Figure 10: Send Aglet Object Collaboration Diagram

This use case can be invoked after the Aglet Client software has successfully initialized. During start-up, the Aglet Client software automatically subscribes for notifications with the Client Tahiti Server. The Aglet Client User can now send any type of object either by directly accessing the sending method and providing the payload object, or by creating message at the Client GUI and pressing the "Forward" button. The Transport Object use case will be invoked to send the object to the Bridge Tahiti Server, where the Notify Aglet Event use case will take care of the distribution to all Aglet Client Users. Additionally, the Distribute Events use case will perform the distribution to all E-speak Client Users. In this way, the event together with the payload object will be distributed to all Aglet Client Users and all E-speak Client Users. The Client GUI will be updated with the system's status information and the information of the object being sent. Exception handling will be triggered if any operation cannot be performed. 

5.7 ‘Aglet Event Notification’

As before, this use case can be invoked after the Aglet Client software has successfully initialized and subscribed for notifications with the Client Tahiti Server. The Client Tahiti Server invokes the use case, when it receives a Messenger Aglet. The object provided together with the notification message will be extracted and its object-type will be identified. The Receive Object use case will be invoked to handle the respective object-type. That use case will display the received result in the according way inside the Client GUI and will make the object available for external software. The notification will thus be handled and any type of payload-object can be received. 
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Figure 11: Aglet Event Notification Collaboration Diagram

6 Conclusion and Future Work

A software collection of utility methods necessary to perform collaboration, intercommunication, translation, and bridging between Aglets and E-speak was successfully developed. The provided modules can be used for every existing application written in E-speak or Aglets to create common services together with any number of other Aglets and E-speak applications [10]. The whole software is implemented platform-independently without any hardware-specific properties and designed in a highly modular way.

This paper also points out the benefits of an integration of Aglets and E-speak. Both technologies are examined in terms of how they can support asynchronous, loosely coupled E-Commerce-specific information exchange, bulk data transfer, firewalls, collaboration and dynamic behavior. These comparisons conclude with elaborations on how to overcome persistent problems in E-Business. 

Suggestions include how to deploy XML as the common language for information exchange for Aglets, E-speak and the World Wide Web. A combined model for collaboration and mutual assistance between Aglets and E-speak is then suggested. This describes the strengths and domains for each technology and the synergistic benefits of combining their services. E-speak could serve as the communication backbone of an Aglet domain (e.g. an organization) and connect easily through firewalls to any number of other Aglet domains. E-speak would add fine-grained access control, advertising, discovery, composition, metering, billing, event aggregation, and firewall traversal to the combined model. 

The software from our project could become the gateway between Aglet domains, E-speak domains and ordinary Web servers. Furthermore, E-speak could take care of all the bulk data transfer to ensure the required throughput and privacy. Aglets could enfold their functionalities within their domain (organization) as autonomous distributed components, of​fering greater flexibility and acting on behalf of their clients to fulfill many types of tasks.
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