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1 Introduction
Enterprise integration has become the focal point for business and information technology. Businesses face many challenges - such as changing business environments, processes, data and applications, technology as well as the evolving support - as they progress through stand-alone systems to an enterprise-wide integration approach. Furthermore, e-business, m-commerce and Web services all depend on effective integration. It is vital that business develop a long-term architectural strategy to integrate the best available technologies with existing systems.
The recent evolution of internet technologies, mainly guided by the Extensible Markup Language (XML) and its related technologies, are extending the role of the World Wide Web from information interaction to service interaction. This next wave of the internet era is being driven by a concept name Web services. The Web services technology provides the underpinning to new business opportunity, i.e. the possibility of providing value-added services through the composition of basic Web services. And so Web services are increasingly being adopted as a means to integrate processes and applications at an intra-enterprise level and business-to-business collaboration. 
This paper is a seminar report written in the Web services Architecture course held at Helsinki University during the spring term 2004.  This paper is organized as follows: the next section describes what is Enterprise Application Integration, in section 3 . And finally section 4 concludes the paper.
2 Enterprise Application Integration

As the demand for managing information has increased, researches have focused their efforts on integrating business processes and data. The term enterprise integration (or system integration) reflects to capability to integrate a variety of different system functionalities. Traditionally, information systems were implemented to support specific functional areas. The advancement of information technology enables new forms of organizations, such as the network-based organization, global teams and virtual organizations. As organizations become more complex and diverse in the global context, it becomes nearly impossible for organizations to implement their global business concepts without enterprise integration. [LSH03] 

True enterprise integration means both technical and behavioral integration. It is not simply integrating different systems, applications or business processes dispersed across and enterprise. It is integrating structural changes, different behaviors and various information systems in an enterprise. Component-based development (CBD) can facilitate enterprise integration. Company’s core competencies, however, are nearly always built from understanding the differences and similarities between the ways of doing business and desired new technologies. Organizations should not blindly rush into new technologies. Top management should first strive to understand their business and needs for enterprise integration, and then select a methodology of enterprise integration. [LSH03]

2.1 History of Enterprise Application Integration

In the early 1990’s two distinct system integration approaches were developed – ERP and data warehousing – each with different integration purposes. While data warehousing systems focus on informational integration to support decision making, ERP addresses operational integration to support daily operations. EAI emerged in the mid-1990’s to make system integration possible with lower costs and less programming. EAI technologies provide software infrastructures and associated tools that attempt to make it easier to build new, overarching applications from legacy systems that were never designed to work together. [GTT03,LSH03]
Enterprise integration was pioneered with ERP, by offering a system that accomplished the integration of different operational transaction data. ERP is an enterprise-wide software solution designed to streamline the data flow between different functions in an organization. Its weakness is though the fact that most companies must first reengineer their business processes to adopt ERP standard business processes to implement ERP. Such reengineering proved to be a benefit for firms that needed to restructure their business processes or wanted to drop their legacy systems. For other firms, however, the required reengineering made it impossible to implement ERP as their current business scheme was not compatible with the standard required by ERP. Recently, practitioners and researchers have agreed that the real benefits of ERP are its ability to standardize business processes, build accurate, trouble-free databases and minimize data complexity. [LSH03]

In the mid-1990s, a new approach to system integration known as Enterprise Application Integration – EAI – was introduced. The basic concept of EAI is mainly in its externality of enterprise integration with lower costs and less programming using existing applications. [LSH03]

2.2 Purpose of Enterprise Application Integration

Both on the Web and on internal networks there is an increasing effort to connect computer systems. The reason for this is widespread, but there are two major themes behind these reasons: e-business, which is motivating companies to expose their business processes over the web, and business process management (BPM), which is the systematic automation of everyday business processes by integrating core systems. BPM requires a change in the way applications are viewed. Organizations maintain information silos: islands of applications that were not designed to interoperate or integrate. As departments interact on real time basis and business processes cut across multiple departments and business lines, the need for information integration leads to the adoption of various e-business or Enterprise Application Integration (EAI) approaches in which monolithic applications are reevaluated as a set of components and services that are then re-aggregated into new processes. Thus, legacy and newer systems can integrate to provide the business with greater competitive advantage. The focus of BPM is integration of processes, and in many cases, BPM is driven by the need to expose processes to Web users – efficiently and effectively, so the processes can scale if the Web site attracts many users. [Ars02, FWK02]
Enterprise integration should enable organizations to become more agile and flexible. To achieve agility and flexibility it is necessary to have both technical and behavioral integration. Integrating software and hardware – the technical integration – is only one aspect of integration. The biggest challenge may be the behavioral integration. Redistribution of roles and responsibilities among members can destroy an organization if it is not properly managed. [LSH03]

EAI is time-consuming work and successful EAI implementation requires that there exists strong communication, coordination and cooperation between information technology and business personnel. EAI architecture also requires business mapping processes, because a critical aspect is the need to combine separate systems’ business processes. EAI’s benefits include cycle time reductions, cost reductions and cost containment, but the ultimate goal of EAI is the flexibility or agility that carefully architected integration brings to the enterprise, permitting rapid response to new business opportunities. [LSH03]

The volatile nature of business requirements, the effort to lower total cost of ownership, and the need to rapidly introduce new products in value chains have led to the necessity to componentized the functionality of enterprise applications. These enterprise components not only provide new functionality but also leverage investments in legacy systems running the enterprise’s key business-critical applications. Once large-grained enterprise-scale components have been identified and designed, it is essential to expose their services not only inside the enterprise but across the value chain of suppliers and vendors [Ars02]. 
EAI is a business computing term for plans, methods and tools aimed at modernizing, consolidating and coordinating the overall computer functionality in an enterprise. Typically, an enterprise has existing legacy applications and databases, and it has invested vast amounts of resources to produce and maintain them, so it wants to continue to use them while adding or migrating to a new set of applications that exploit the Internet, e-commerce, extranet and other new technologies, the new world of components and services. The notion of enterprise components and services becomes particularly important in the context of the need to integrate with and expose legacy applications across business lines and in some cases across enterprise boundaries. The four levels of integration of services are shown in figure 1. And it is wise for organization to choose which services they want to expose based on intellectual property or competition considerations. This clear partitioning of internal and external exposure of services is a successful strategy. [Ars02,LSH03]
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	Figure 1. 
	Levels of Integration of Services. [Ars02]


This architecture takes the enterprise from data transfer to information coordination. Information coordination is then considered in light of business processes and the boundaries of enterprise scale components that collaborate to create a business process that maps back to business goals. [Ars03]

EAI may involve developing a totally new outlook of enterprise’s business and its applications, determining how existing applications fit into the new view, and devising ways to efficiently reuse what already exists while adding new applications and data. EAI seeks to integrate activities at the business-process level between companies such as procurement, sales order processing, customer relationship management, by integrating different Web-based technologies including Java, HTML, XML and others. [LSH03]
2.3 Methods
There are several paths for organizations to move away from costly systems no longer meeting end-users needs. Among them are the non-invasive techniques associated with screen-scraping, integration techniques at the transaction or application level, and large-scale replacement by package solutions. Screen-scraping is a fast way to make legacy applications available at the user-interface level, but it does not address business process modification, and so has limited flexibility. The integration techniques can be assisted by numerous products available in the market, but again do not capture business process knowledge, may depend on vendors for implementations, and may not scale well. Probably the most robust option is to integrate a standard business process into the environment. This path can provide access to new and advanced functionality, but it requires abandoning investments in existing systems, and can be disruptive. In addition, the ability of packages to support web interaction is still evolving. [Ars03]
Emphasis is shifting to legacy transformation, as industries such as financial services and insurance explore ways to extract data and make it available to constituents. This strategy involves enabling legacy systems for integration within an enterprise, and eventually transforming core business functions to a web-capable environment. Business can preserve their core system investments by transforming legacy systems through a series of actions, encapsulating business rules into flexible, standalone components that operate as individual Web services. [Ars03]

Integrating services within an enterprise across multiple business lines is best done by componentization, which involves characterizing chunks of business-driven functionality corresponding to business goals. This process helps identify services that can be used by multiple business lines instead of being locked within an information or application silo. Unlocking these embedded services is often accomplished through component-based development and integration (CBDi) where old systems are integrated to function with the newer ones running on n-tier architectural platforms. This integration involves more than mere “wrapping” of functionality, and may include refactoring back-end business logic on unexposed legacy services. [Ars03]

To meet integration and adaptability requirements and accomplish more effective reuse from existing business applications, distributed business object technology is generally perceived as the ideal solution. Business objects can be aggregated into enterprise components that provide business services. Enterprise components can be key building blocks in the integrated company as event-driven business processes are realized. Moreover, they facilitate the refactoring of a legacy system by wrapping them and integrating them in new applications. Assembling enterprise components into domain specific applications can be greatly leveraged by organizing them into business frameworks, which can be easily configured and deployed while relying upon distributed broker architectures such as CORBA or emerging Web services standards such as the W3C Web services Description Language (WSDL). [SuH02] 
3 Web services and EAI
Web services are the latest software craze: the promise of full-fledged application software that needn’t to be installed on local computers, but allow systems running in different environments to interoperate via XML and other web standards. The reason for this is the possibility they offer for inter-organizational distributed computing, where supply chains can be integrated across continents with applications built for small parts supplied on demand by various vendors. To get to this place, current methods need to be abandoned and component-based architecture of large-grained, message aware, enterprise scale and highly re-configurable enterprise components need to be built and exposed as Web services. Though, much of Web services’ initial promise will be realized via integration within the enterprise, either with legacy applications or new business processes that span organizational borders. [Ars03]

3.1 What are Web services?
The vast investment in Internet infrastructure and telecommunications over the past decade is making the previously unthinkable eminently achievable. Organizations can now retrieve up-to-the-minute data at run-time, but must now agree on protocols for retrieving and updating data, and on means of demonstrating the privilege to do so. Such necessities gave birth to XML Web services, also known simply as Web services, which attempt to bridge myriad Internet systems. These services expose programmable application logic; they can be used when one cannot, or would rather not, implement the logic oneself. They are accessed using standard Internet protocols, at minimum this means utilizing TCP/IP or UDP, but Web services are usually exposed using HTTP operating on top of TCP. They communicate by passing XML structured messages, which are packaged according to the SOAP specification. They describe themselves using WSDL and they support their own discovery using UDDI, which supports both design-time and run-time discovery of Web services. And most of all, good Web services are modeled as document retrievals and updates, not as remote procedure calls (RPCs) and they are not CORBA, even though strong analogies exists between Web services and CORBA, such as respective roles of WSDL and IDL, but CORBA is fundamentally object-oriented [Bur03]. Web services are usually built from components, such as Enterprise Java Bean (EJB) components wrapped in XML/SOAP, or it could be a legacy application with an XML/SOAP wrapper. The legacy case will probably be the most prevalent Web service in the near future. [KlR03]
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	Figure 2.
	Web service oriented architecture. [FeF03]


In a service-oriented architecture as shown in the figure 2, the service provider has a service designed for others to use. The provider creates a WSDL which contains all the information needed to invoke the service - a service description detailing the interface, that is, the operations of the service and the input and output messages for each operation, and a binding implementation description for the services, which describes how to send each message on the wire where the service is located. Then the service provider publishes the WSDL service description to one or more discovery agencies. Typically the role of the discovery agency will be fulfilled by a registry, such as UDDI, that allows additional information describing the hosting business and makes associations with the taxonomy to be published along with the WSDL description so that others can find the service using wide variety of search criteria, including category-based searches. Eventually, the service requester finds the service description via the discovery agency. It then uses the WSDL description to develop or configure a client that will interact with the service through the service provider. [FeF03] 
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	Figure 3. 

	The landscape of distributed computing has altered dramatically over the years. [KlR03]


In recent years the client/server computing has evolved into web-based computing, which is now evolving into the Web services model (see figure 3). [KlR03]

3.2 Web services as a technology for EAI
Software services, especially in the specific shape of XML Web services, are promising new levels of software integration end interoperability. Understanding how they relate to software components is critically important to benefit from the distinct properties of services without loosing the separate advantages of components. A service is an instantiated configured system that is run by a providing organization. That is, a service is fully grounded. Ultimately, it includes the power supply to the server machines as well as the organization that somehow manages to pay the power bill. The service-providing organization installs, runs, maintains and evolves hardware and software infrastructure and components. It provides physical and organizational means, including functions like client management, accounting and so on. Since a service is fully grounded and backed by a provider, it can be held to the standards of a service level agreement (SAL) or a service contract. For instance, a service client signing such a contract with a provider might pay for the service, while the provider guarantees properties such as minimal up-time, performance or capacity. [Szy03]

The recent emergence of XML-based Web services promises to provide a set of standards for application integration. Most vendors have Web service-enabled their EAI and B2B technologies. While Web services are not fully mature or proven, they seem likely to become the lingua franca or EAI and B2B. This will make integration simpler through common transports, data formats and associated services (security, transactions, etc.). However, more widespread standards adoption will only alleviate some of the accidental complexities of EAI. Fundamental problems concerning aspects such as semantics, automatic data discovery and integration and scalability remain as challenges for the research community. [GTT03]
3.3 Service patterns

Web services architecture is the most appropriate technology available for many classes of problems, even though it is not perfect. Web services are particularly useful for exposing state management services to a heterogeneous network of client components. Here are some scenarios for deploying Web services.

3.3.1 The Web service façade

Probably the most common use of the façade pattern is to hide a call to an external resource that requires a different language or syntax than the rest of the application. It is the way to presents a “friendly” interface to “unfriendly” application logic. The façade Web service pattern is similar; it acts as an XML front-end to a service component that is not natively XML. Façades such as XML front-ends to database services and business applications will abound while the industry transitions towards native XML interfaces. [Bur03]

3.3.2 Exposing data behind the web

One promise of Web services is to create a “Programmable Web”. It follows, that Web services will expose data and functionality currently supported vie web pages. The essential difference is that data will be leveraged to go beyond information “pictures” available through a browser. Exposing web data allows partners and customers to embed service functionality into interfaces. Rather than forcing partners to “screen scrape” HTML to find the relevant data, XML gives them a stable, self-describing set of interfaces. [Bur03]

3.3.3 Interception

The interception pattern mediates between the client and the ultimate Web service provider through routing, redirection or retransmission. With routing, the client sends the message to the interception service based on prior instructions via local configuration or by run-time referral. Redirection would be a feature of a transport protocol such as HTTP. Retransmission would be performed by the receiving service with the message sent to one or more other services before final processing. For example one interception service on Web is proxy server, which “intercepts” web traffic to provide security and caching services. The interception pattern might also be used by an authentication service. Versioning Web services might include dynamically routing old-format requests through a network endpoint capable of translating request into new format. [Bur03]

3.3.4 Business Process Management (BPM)

Web services can orchestrate complex processes ranging from employee hiring to auto insurance claims, both requiring coordination between different groups and organizations. One challenge in process management involves handling updates to service state. The traditional art in transaction management focuses on locking the affected rows prior to an update, but this approach does not work in an environment of loose trust, high-latency connections and unreliable transmissions. Interesting work is being done in the area of long-running transactions involving provisional commitment and compensatory actions that are invoked if the transaction fails or is canceled. [Bur03]

3.3.5 Catalog publication

A product or service catalog is probably the most flexible data feed a business can offer customers, partners and sales channels. Sales team members can have it at their fingertips via laptops during customer visits. Support staff can update it as a common reference with customers. The organizational website can render XML into HTML for current and prospective customers. The biggest challenge in publishing a catalog as a Web service is in defining schema. The best strategy is to leverage what already exists in the vertical market segment and extend it as compatibility as possible. [Bur03]

3.3.6 Information portals

Web services offer a new approach to portals by defining a common schema for exchanging data. By exposing data through self-describing Web services, the data publisher lets clients consume data without incurring the support costs of transmitting schema and interface instructions out-of-band to the client solution developer. This scenario relates to the earlier section on exposing web data. [Bur03]
3.3.7 EAI hubs

Enterprise Application Integration (EAI) is the traditionally expensive process of constructing data interchange systems between business applications. EAI solutions must understand the protocols and service interfaces of the applications they manage, extract data from different applications and translate data into schemas and types understood by the other applications. An effective model for EAI solutions is the hub. The hub typically translates extracted data into an internal representation from which it can produce representations understood by all applications it services. A hub may be use a connector approach to modularly add supported applications to an installation. [Bur03]
In the Web services world, internal representation of data is a set of XML documents, and the connectors are Web service façades that produce those documents. It would be overly-optimistic, however, to believe the problem ends there. Until application vendors commit to common schemas for business data, and build SML interfaces capable of supporting those schemas, business data translation will remain error-prone. [Bur03]

3.4 How to success in EAI

According to [Ars03] a key success factor in several component-based development and integration (CBDi) projects they have contributed to, has involved applying CBDi best-practices across the following Web service domains: organizational, including project management implications and education programs; methodology, including extending methods to provide full life cycle support for component-based development; architectural, including best-practices and issues in creating scalable architectures; technology implementation, which involves mapping a given design onto a technology standard such as Enterprise JavaBeans or .NET, and infrastructure, including development tools, gateway servers, APIs, middleware and browsers. [Ars03]
Enterprise architectures that capitalize on Web service capabilities are evolving rapidly to assimilate assets into a dynamic structure or services on demand. New technologies and methods are maturing to achieve acceptable service level characteristics. One of the best ways to implement Web services is to start with a component-based architecture of large-grained enterprise components that expose business process level services as Web services. It is a good idea to start small, taking a “crawl, walk and run” approach to building organizational credibility for Web services architecture. Crawling might consist of building a Web service within  the organization rather than exposing them externally. It is best to pick a project with an awkward solution – perhaps an information service requiring users to run a terminal emulator and use arcane commands. Then build a Web service façade in front of the application and expose it the functionality through a web page or a smart client application. Walking might consist of exposing read-only data of an order-status service using Web service. You may not “run” for some time yet, depending on how quickly key infrastructure services, such as inter-domain authentication mechanisms, are standardized. As project experience is gained and best practices are uncovered, then it may be time to migrate to a full service-oriented architecture that externalizes useful business services. [Ars03,Bur03]
Web services will make XML schemas – central to how organizations communicate. Web services work best when they support your internal processes and your external data view. A consistent view of the information driving your business guarantees you and your customers will stay in sync. Good XML schemas are general purpose – create generally useful schemas and use derived schemas to add constraints where needed; platform agnostic – use the XSD data types and complex types built from the XSD types; standard observant – if a generally accepted schema already exists use it instead of inventing a new one; extendible – anticipate applications need to decorate data with custom properties and design elements that allow it; and they are usable – think hard about error cases and define SOAP faults to be meaningful to the client, log all fault responses and analyze the logs for failure patterns. [Bur03]

3.5 Design guidelines

Here are some design guidelines for Web services offered by [Bur03] which fit well also for EAI:
Large granularity messages

Because of their high latency, Web services should not be designed with chatty protocols. Do not design services to expose interfaces making small updates to data elements; rather, use generic “update” methods that can accept a transformed element in a single service call.
Asynchronous messaging

For services with intermediate latency, it is good practice to post the request, use the response as simple acknowledgement of receipt, disconnect and the client can poll the server for completion. The next bullet describes a better design for complex processes.

Bi-directionality of services
It is often useful to implement Web service pairs to manage the request-response loop.

Endpoint discovery
Sometimes it is desirable for the client to select the best endpoint at run-time rather than hard-coding endpoints. 

Idempotency
Protect against the mishandling of messages received more than once because of network problems. The main danger is messages incrementally affecting service state, such as request to purchase. When working with such messages, design in unique identifiers that can identify duplicate messages.

Service agents
You may wish to give client component developers code that optimizes access to your Web service. Scenarios for using service agents include the performance of complex integrity checking so poorly formed requests can be repaired without a roundtrip to the server, and support for intelligent caching of service data to reduce roundtrips to the service.
Request pipeline
As your organization broadens its use of Web services, you will find yourself running requests through a common set of processes to “unwind” the SOAP header, validate authentication credentials, check authorization to access interface and log activity. Pipeline code can be deployed as shared libraries called by the service implementation, or as an interception service that passes the validated and transformed request across a trusted interface to the service-specific code.

Context and content-based routing
Web service implementations may be distributed across many physical devices hosted in multiple data centers. Service logic can route requests to specific service instances, based on any message element or attribute.
3.6 Problems
The current generation of Web service infrastructures and tools has the typical problem of early software. Both XML tagging and text representation cause a data size explosion compared with binary representations. XML data must be parsed when it is read into an application to create the internal data representations. Further complicating performance is the need to read in and parse the tag definition set. Encryption and de-encryption also increase overhead. These performance issues will be addressed as the technology matures, but developers today can expect factors of 10 to 100 slowdown compared to conventional distributed computing operations. To keep overhead low and to work within the constraints of Web service design methodology, Web services need large-grained objects that represent business functions such as customer accounts or purchasing services, or large IT components such as security or authentication services. [Ars03]
A single business transaction invokes a number of Web services where Web services are considered as reusable software component. In other words services have become the basic building block out of which new applications are created and service composition has become the main concern of the application development process. Unlike components of traditional business process, Web services are typically provided by different organizations and they were designed not to be dependent of any collective computing entity. Services are not limited to one environment - they can be written in different languages on different platforms - but they can be integrated into every software-system that is Web service-aware. Service composition provides a mechanism for application integration that seamlessly supports cross-enterprise business-to-business) and intra-enterprise application integration. When we are building Web services compositions we need mechanisms to deal with the inherent autonomy and heterogeneity of Web services. [Cur03, JMG03, PaC03, PBM03]
Several specifications have been proposed for service composition, most notably the Business Process Execution Language for Web services (BPEL4WS) for service composition, Web services coordination (WS Coordination) and Web services transaction (WS-Transaction) to support robust service interactions. These specifications together form a proposal for both the orchestration and description layers in the description stack of  the stack for Web services, which is being specified by the W3C Web services Architecture Working Group, but they are at the beginning of the standardization process. [Cur03, Kre03]
4 Conclusions

In terms of enterprise integration, there are two different approaches: internalization and externalization. These two extremes are moving together due to changes prompted by Internet technology. An enterprise can choose between internalization and externalization, but in both cases attention should be focused on true enterprise integration with standardization of communication and business through the network.

Integrating multiple heterogeneous data sources into applications is a time-consuming, costly and error-prone engineering task. Relatively mature technologies exists that make integration tractable from an engineering perspective and Web services technology seems to be one of the most promising technologies at the moment. But Web services technology as well as other technologies, however, has many limitations and hence present opportunities for breakthrough research.
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