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1 Introduction

RIDE is a roadmap project for interoperability of eHealth systems leading to recommendations for actions and to preparatory actions at the European level. This roadmap will prepare the ground for future actions as envisioned in the action plan of the eHealth Communication COM 356 by coordinating various efforts on eHealth interoperability in member states and the associated states.  Since it is not realistic to expect to have a single universally accepted clinical data model that will be adhered to all over the Europe and that the clinical practice, terminology systems and EHR systems are all a long way from such a complete harmonization; the RIDE project will address the interoperability of eHealth systems with special emphasis on semantic interoperability.
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Figure 1 RIDE Project Phases

This document presents the RIDE Legacy Integration/Modernization Strategy which concentrates on “reusing existing investments on the IT infrastructure in the Member States to achieve RIDE vision”. Taking into account the legacy systems of Member States is an agreed precondition between the Member States and the Commission to implement the Communication 356. The main aim of the RIDE Legacy Integration Strategy is basically to integrate the legacy applications in support of RIDE Roadmap goals in a rapid and reliable way. Moreover, RIDE Legacy Integration Strategy will also provide input to D4.4.2 Guidelines to member States for deploying interoperable eHealth solutions.

This strategy is intended to present a concrete and possible ways and practices of achieving an integrated European eHealth Interoperability Framework with legacy eHealth applications but avoids recommending any particular technology direction. 

The unusually sensitive nature of health information requires that a particular attention must be paid to privacy and security of healthcare data exchange over IT applications. Without proper privacy and security mechanisms, involved actors will be reluctant to participate in an electronically connected health system. Furthermore, there is a need for testing and validation of the interoperability of the interface systems as it is handled in the IHE process
 as well as certifying interface conformance which is being addressed in the QREC Project
. Both processes will guarantee to the user the complete and successful interoperability and functionality of systems in eHealth.

This document is organized as follows: in Section 2, an executive summary of the deliverable is presented. Then the main contribution starts by first discussing on what the legacy systems are in general and in the healthcare domain. Next, generic legacy migration/modernization methodologies and solutions are discussed. Here, since RIDE approach conforms to Service Oriented Architecture (SOA) principle, first an overview of SOA will be presented. Finally, built on the research of all state-of-the-art modernization and migration methodologies, RIDE Legacy Integration /Modernization Strategy are discussed in detail. Some real life examples are also presented in order to support the applicability of RIDE approach.

2 Executive Summary

In Deliverable 3.2.1 RIDE Vision we provide the current and envisioned situation for the issues outlined in Deliverable 2.3.1 Requirements Analysis for RIDE Roadmap by also taking into account the input from the RIDE Workshops. In that deliverable, we enhance the implementation plans for the goals set out in Deliverable 3.1.1 Goals and Challenges by considering the legacy frameworks that are up and running in healthcare sector today. As stated in COM356, the articulation of the legacy systems of Member States should be considered for further technology development and associated research and also for alignment of economics and political actors towards a concrete eHealth policy in addition to their legitimate domain goals.

Within the scope of this deliverable, an integration strategy is presented so as to protect existing investments on IT frameworks in the European Union and adapt them to envisioned RIDE network. This integration strategy is compiled through analyzing as-is and to-be situations for legacy applications as well as other migration strategies proposed so far. The RIDE Legacy Integration Strategy takes into account the underlying IT technology and business knowledge; non-functional requirements such as quality of service, security, privacy and dependability issues. This integration strategy and the evaluation of legacy systems are proposed together to eHealth decision makers of Member States in order to give a clear vision for the future directions for eHealth.

An increasingly popular approach to software development has been to leverage the value of legacy systems by exposing all or parts of it as services within a Service Oriented Architecture (SOA). During legacy systems integration, in theory, a developer would simply have to create a well-defined common interface to the legacy system so that it could offer its services to other systems or applications. However, in practice, constructing services from existing systems is neither easy nor automatic. This confusion leads us to investigate SOA-based legacy system integration approaches in the healthcare domain. 

3 Legacy Systems

3.1 What is Legacy?

Although the first definition in the vocabulary refers to an amount of money or property left to someone in a will, in computing, legacy denotes hardware or software that has been superseded but is difficult to replace because of its wide use. Therefore, usually, legacy in computing is troublesome.

3.2 What are Legacy Systems?

Mainly, legacy systems can be considered as any existing software artefacts that cannot be discarded simply or converted to new technologies easily and worse cannot be re-engineered due to their unstructured design. This kind of systems frequently constitutes monolithic, big size applications running on old mainframes.

Legacy systems, which have been developed with an outdated technology, make up for the vast majority of systems in many user application environments. It is these programs which actually run the information systems of the business world.
Legacy systems are considered to be potentially problematic by many software engineers (for example, see Bisbal et al., 1999) for several reasons. Legacy systems often run on unsupported hardware and software whose maintenance is very difficult for engineers. These systems are often hard to maintain, improve, and expand because there is a general lack of understanding of the system. The designers of the system may have left the organization, leaving no one able to explain how it works. Such a lack of understanding can be exacerbated by inadequate documentation or manuals getting lost over the years. Integration with newer systems may also be difficult because new software may use completely different technologies.

Most legacy systems were developed by using rather old programming languages (such as COBOL) and paradigms (i.e. structured/traditional). For instance, the insurance industry was an early adopter of mainframe computers and COBOL-based software for billing, policy administration, claims, accounting, statistical reporting and other information processing operations. The enormous initial investment in mainframe systems led organizations to update their systems gradually over the years rather than replace them. This resulted in huge legacy systems that required expertise to handle the multiple systems as depicted in Figure 2. Maintaining connections among these multiple systems, as well as to the outside world, is now proving to be difficult. Life insurance organizations spend 80% of their IT budgets and 85% of their technological efforts in maintaining legacy systems
. With the insurance sector evolving over the years, these legacy systems had to be continuously updated.
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Figure 2 Common Legacy Enterprise IT Infrastructure; Tightly Coupled [6]

The problems associated with legacy applications gradually outweighed their value to the enterprise. Apart from the business imperatives to increase flexibility and reduce high maintenance costs of IT systems, there are more reasons to migrate and modernize legacy applications. The top 5 reasons cited by mainframe customers to Mainframe Migration Alliance
 why they are migrating off the mainframes define a universal base of reasons for migration needs of all legacy applications:

1. High cost of mainframe operations and upgrades

2. Lack of flexibility and agility

3. Increased time-to-market for new products

4. Shrinking mainframe labour pool

5. Vendor roadmaps forcing tough decisions

Legacy applications are increasingly unable to keep pace with and to respond quickly to the dynamic business parameters. 

Moreover, unavoidably, reaching the stage of ‘legacy software’ is anyway the final stage of each application. Today’s modern software is the candidate for the tomorrow’s legacy software. Therefore it can be concluded that legacy migration is a universal issue valid for all kind of applications.
3.3 Legacy Systems in Healthcare Sector

As it is the case for all domains, IT is also an indispensable component of healthcare sector and starting from the earliest days of evolving computer and software technology, applications that make the daily-business of healthcare staff easier are being used. Today, many health centres, practitioners and research agencies have systems that provide information management and communication functions for recording and retrieval of patient information (demographics and Electronic Healthcare Records), development of patient care strategies, interpretation of laboratory results, conducting case-based research, management of finance and workflows within the organization. 

However, many health care applications have been built several years ago and sometimes these old systems can be defined as character-based “green screen” applications based on host platforms such as DEC, Open VMS and UNIX. More critically, most of them operate on dedicated PCs (locked in a secure office or protected from the rest of the network by a firewall) or operate on a network with inadequate protection. This networking inability totally destroys the possibility to build an integrated healthcare network not only on the EU or national level, but also even on the single healthcare organization level. For these reasons, it is necessary to modernize the legacy healthcare systems to provide them with the functionalities of being able to communicate with other healthcare systems in the following levels:

· healthcare organization level,

· regional level,

· national level,

· EU level

in order to realize interoperability of eHealth Systems which is aimed by the RIDE project. 

3.3.1 The Need to Modernize the Legacy eHealth Systems

According to a survey conducted for Walker Richer and Quinn (WRQ)
[1] (WRQ is now doing business as Attachmate and it is very active in legacy integration with Service Oriented Architecture) in March 2005, 67% of IT professionals from the British healthcare organisations rate the integration of legacy applications as either, “essential” or “valuable”. Results of the survey illustrate that, despite the progress of NHS England's National Programme for IT (NPfIT), significant improvement is required to integrate the legacy systems in order to support the new initiatives. 


Legacy systems are still critical and will frequently continue to be so. In fact, in the above-mentioned survey the high ratio (67%) of willingness to modernize the legacy eHealth applications also proves this fact. Yet it is disconcerting to note that of those who have not already integrated their applications in England, 46% have a fear of the disruption and 42% have a fear of cost. Healthcare organisations simply need to know how to unlock the potential of their legacy systems as it’s a much more cost-effective option when compared to ripping out and replacing them; especially when they are limited with decreasing budgets in the case of public sector healthcare organizations. With this approach, healthcare organisations can more readily and rapidly keep up with the integrated healthcare network requirements. 


With the right strategies and software, legacy eHealth systems can be integrated with newer initiatives and applications more comfortably, ultimately providing improved quality of services. 

3.3.2 Methodology Preference in Legacy eHealth Systems’ Modernization

Since RIDE Project focuses on all the prominent technologies and standards relevant for the Member States in achieving a European eHealth Interoperability Framework based on a Service Oriented Architecture (SOA), as the Methodology for Legacy eHealth Systems’ Modernization, RIDE focuses on modernization and integration methodology with SOA. For this reason, SOA based modernization and integration strategies have been deeply examined. Then, built upon the expertise gained from this research, the original RIDE SOA based Legacy eHealth Systems’ Modernization Approach has been developed. Needless to say, RIDE Technical Framework has triggered the requirements for legacy integration approach.


In Section 4, in order to present some background information and introduce available legacy integration strategies, state of the art has been detailed. This section begins with SOA and Web Services, and then proceeds with state of the art SOA based legacy modernization strategies and some successful legacy integration applications. In Section 5, RIDE Legacy Integration Approach based on SOA is explained in detail. Moreover, in order to preserve self-containment, reminders to proposed RIDE Technical Framework have been presented. The deliverable is concluded by summarizing some proof of concept real life legacy integration scenarios. 

4 State of the Art

4.1 Service Oriented Architecture (SOA) and Web Services

Although Service Oriented Architecture (SOA) is a buzzword that has been around for a few years, there is no widely-agreed definition of it other than its literal translation; an architecture that relies on service-orientation as its fundamental design principle. It is possible to expand this definition with more technical details as it has been done by IBM [2]; “SOA is a component model that inter-relates the different functional units of an application, called services, through well-defined interfaces and contracts between these services.”

SOA can be considered as a distributed software model (Figure 3). The primary characteristics of SOA are:

1. Services are used to divide larger applications into smaller discrete modules.

2. Services are integrated via service composition mechanisms to create larger applications.

SOA is usually comprised of three primary parties:

1. Producer (of services); basic service providers and aggregators

2. Consumer (of services); service aggregators and end users

3. Directory (of services); middleware and registries
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Figure 3 Service Oriented Architecture

A service in SOA can be defined through the following agreed aspects:

1. Services are defined by explicit, implementation-independent interfaces

2. Services are loosely bound and invoked through communication protocols that stress location transparency and interoperability

3. Services encapsulate reusable business functions

SOA is an approach to loosely coupled, protocol independent, standards-based distributed computing where software resources available on network are considered as services. The service is designed in such a way that it can be invoked by various service clients and is logically decoupled from any service caller. SOA favours creation of service level abstractions that map to the way a business actually works. SOA approach advocates the use of open standards, while not ruling out proprietary technologies where they are appropriate, when integrating applications. SOA also comes with a collection of patterns for building an enterprise-level integration layer between applications while abstracting those applications’ reusable software functions as services. Thus, SOA leverages investment in existing application assets. An overall view of the SOA is depicted in Figure 4.

SOA puts loose coupling as one of the main principles for successful application integration on the enterprise level. Opposite to tight coupling, loose coupling is:

restricting the number of things that the requester application code and the provider application code know about each other. If a change is made to any aspect of a service that is coupled, then either the requester or the provider application code (or, more likely, both) will have to change. If a change is made by any party (the requester, provider, or mediating infrastructure) to any aspect of a service that is decoupled, then there should be no need to make subsequent changes in the other parties. [3]

The most common (but not only) form of SOA is that of Web Services, in which (1) service interfaces are described using Web Services Description Language (WSDL), (2) payload is transmitted using Simple Object Access Protocol (SOAP) over Hypertext Transfer Protocol (HTTP), and optionally (3) Universal Description, Discovery and Integration (UDDI) is used as the directory service. 

In order to gain practical value, SOA approach should address the following fundamental issues based on open standards:

1. A common framework for Web Service interactions based on open standards must occur;

a. Communication (SOAP, REST)

b. Description (WSDL)

c. Registration (UDDI, ebXML)

d. Composition (BPEL)

2. An agreed set of vocabularies and interactions (common processes) for specific industries or common functions must be adopted (HL7, CEN/TC251, ISO, OpenEHR)
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Figure 4 SOA Reference Architecture

Service-orientation describes an architecture that uses loosely coupled services to support the requirements of business processes and users. Resources on a network in an SOA environment are made available as independent services that can be accessed without knowledge of their underlying platform dependent implementation. 

The main drivers for SOA adoption are linking computational resources and promoting their reuse. It is observed that SOA can help businesses respond more quickly and cost-effectively to changing market conditions. This style of architecture promotes reuse at the macro (service) level rather than micro level (objects). It can also simplify interconnection to - and usage of - existing IT (legacy) assets. Moreover, the promotion of open standards will enhance interoperability among IT systems.

In Figure 5, the cross cutting concerns of SOA at three different service levels each of which inherit the low level characteristics. The service levels are explained below as:

· Foundation Level: Basic operations on services (publication, discovery, selection, binding and invocation)

· Composition Level: Coordination of activities, orchestration of services, conformance, non-functional requirements

· Management and Monitoring Level: Market considerations, control and feedback
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Figure 5 Service Layers, Functionality and the conformed model with crosscutting concerns

The main business drivers for SOA are defined by Semantion Inc.
 in "What are the Business Drivers of SOA?" section of the document [4] that was distributed to some ebSOA TC members. These business drivers are presented in the following three paragraphs:
SOA brings common semantics for business people and the technologists in order to speak the same language among them. SOA links business and technology using a methodology that enables a service-based business process modelling in a business language and ontology that is transparently translated into the SOA reference architectural components that are directly mapped into the run-time SOA virtual machine that deploys and executes business processes. For those concerned about extensive investments and changes across all IT systems, an incremental deployment is supported. Open standard based systems enable flexible technology, platform, and location selections. Many options exist to be considered from an investment point of view.

SOA increases agility of the business by enabling both online (real-time) and offline efficient deployment of changes with minimal human involvement; lower cost and improve error-rates/operations using technology and minimizing human involvement.

SOA services are reusable components and they can be combined into new composite applications. New services can reuse existing services that have been already tested, tuned and used in production.  Since SOA is a loosely-coupled architecture, services can run where it makes the most sense in a context of quality and performance. Extended ability to expose some enterprise processes as services to other external entities in inter-enterprise collaborations; open new channels, acquire new customers, differentiate products by the use of patterns and technology.

In summary, SOA relies on an integrated framework that includes a repeatable methodology, open standards, best practices, reference architecture and configurable run-time architecture to provide semantically reconciled model time and run time environments for a fast enterprise.   

4.2 Legacy Systems’ Modernization

4.2.1 Reasons Behind the Rejuvenation and Modernization of Legacy Systems with Service Oriented Architecture

Apparently, organizations are willing to protect their existing investments on IT or, by lack of resources, required to go on with their earlier investments. However, dynamically changing business parameters (in our case; eHealth scenarios described by NHIN and COM 356, for instance) dictates adaptation to emerging business environment to organizations. Moreover, a successful modernization offers not only technological modernization but also business process reengineering. In this respect, organizations can have opportunities to increase in efficiency with their usual business processes. Additionally, migrating legacy applications to SOA increases the application reach and removes risks associated with running potentially unsupported hardware and software in legacy systems. Finally, legacy systems come with a heavy burden of maintenance; a dramatic example for this issue can be derived from Y2K problem. In year 1999, reengineering COBOL-based mainframe applications was a costly issue due to demand growth that could not be balanced by supply. At that time, there was a lack in COBOL developers in industry due to COBOL’s infamous specifications. Edsger W. Dijkstra once remarked that "The use of COBOL cripples the mind; its teaching should, therefore, be regarded as a criminal offense" (from Selected Writings on Computing: A Personal Perspective).    

Modernization necessity of legacy systems is an unavoidable fact of IT, but what promises does the adoption of SOA for eHealth hold? First and least of all, we need to provide semantic interoperability among healthcare IT systems as described in the RIDE Project in details. In this respect SOA helps developers, designers and architects in the way of providing interoperability by its very nature. Service-oriented architecture allows wrapping legacy systems with web services in order to provide services that can be invoked by other applications through published and discoverable interfaces, and where other applications could invoke them over a network. When you implement a service-oriented architecture using Web Services technologies, you create a new way of building applications within a more powerful and flexible programming model. Development and ownership costs as well as implementation risks are reduced. SOA is both architecture and a programming model, a way of thinking about building software. Standards are essential both for integration and for interoperability and SOA approach benefits from intensive usage of Web Service technology which is supported by open standards such as WSDL, SOAP, BPEL etc.

4.2.2 Software Reuse through Legacy Modernization

Ignoring existing investment on IT and developing from scratch is out of question in today’s highly competitive digital world of business. From the earliest days of programming, usage of existing software assets, mostly code, has been a well known technique applied practically when developing new software. Moreover, very few project teams have the benefit of being able to start from scratch, something often referred to as greenfield development. Instead, the cold, hard truth of the matter is that most project teams need to take into account existing legacy systems when they are developing new applications. 

It is possible to reduce software development time and cost by pursuing a systematic approach in reusing existing software and/or reapplication of various kinds of knowledge. The reused knowledge includes domain knowledge, technology expertise and development experience. More than just application code, assets can be considered as products and by-products of the software development life cycle, software components, test suites, designs and documentation also.     

Figure 6 from Jeffery S. Poulin’s “Measuring Software Reuse” book clearly identifies the potential in software reuse; up to 85% of a new application can be developed by reusing existing software, about 65% that is domain specific and about 20% that is domain independent. Only about 15% of software that is application specific cannot be reused. By analyzing this picture we can conclude that a very huge percentage of enterprise applications could be provided by available resources. This means, there is a great opportunity for SMEs that do not have such gigantic IT budgets.
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Figure 6 Software reuse potential

Software reuse is envisaged to be particularly useful and attractive for SMEs and start-up companies. Some of the expected benefits of effective software reuse can be listed as follows;

· Decrease in time to market for new innovations

· Increase access to technologies, knowledge, skills and information

· Easier maintenance

· Higher quality and lower risk.

Service-Oriented Architecture (SOA) and Software as a Service (SaaS) are two driving forces in software architectures today. Huge web sites such as Amazon no longer limit themselves to just the user interface they provide. They also open up their functionality and data to anyone who wants to use their services as their own. This allows people to reuse, and re-reuse a thousand times over, another service's functionality in their own software for whatever reasons they want, in ways that could not be predicted. The future of software is going to be combining the services in the global service landscape into new, innovative applications. Writing software from scratch will continue to go away because it's just too easy to wire things together now.

Although, adoption of SOA holds the promise of enabling businesses to more effectively adapt to change and to add new offerings to their existing products in a more efficient manner, moving to a service-oriented world cannot happen without having service enablement in its widest range covering the satisfaction of quality of services requirements – requirements that address aspects of the systems that do not directly affect the business functionality. Such an understanding has been dramatically changing the path to SOA realization mainly from the viewpoint of Web content rendering. 

Pursuing an ad hoc approach for software development may affect the overall lifecycle and may lead to catastrophic results in the end. To avoid playing a leading role in any such software disaster scenario and to gain maximum benefits from the software development phase, a mature approach, namely systematic reuse, should be adopted in software lifecycle. Three basic strategies are already pointed out for leveraging systematic reuse: 

· working faster via tools to automate the labour-intensive tasks, 

· working smarter with process improvement, and 

· working less via reuse of software artefacts. 

The question is which strategy will produce the highest pay off?  An extensive analysis that was realized by Boehm B.
 addressed this question and concluded that working less is more valuable three times than "working smarter" and six times than "working faster". Therefore, as it was clearly stated long time ago by Silverman B. G. in his study entitled “Software Cost and Productivity Improvements”
 reusability of software artefacts is a key to improving productivity in the software development area.

In current practice, new applications which are relying on SOA (Service-oriented Architecture) and developed in a Software as a Service manner have Open APIs to allow service composition and conforms to open standards boosting enterprise interoperability. Nevertheless, it has been estimated that around eighty percent of IT systems are running on legacy platforms which were once built using pre-SOA techniques. This situation hinders reusing valuable software assets of available legacy systems because today’s software reuse trend necessitates the adoption of SOA with emerging Web 2.0 technologies and standards. 

Decomposing monolithic legacy systems into loosely coupled parts wrapped by service adapters is a quite challenging task and should be handled systematically. Besides service partitioning, satisfying the assurance of the Quality of Service (QoS) attributes like durability, maintainability and efficiency becomes complicated too since these legacy codes mainly have single tier architectural designs.

4.2.3 Developing an SOA Migration Strategy

A sample SOA migration strategy [6] given in Table 1 describes major steps that an enterprise may need to take in order to migrate from a legacy infrastructure to the SOA-based Enterprise Architecture. Although, the actual list of tasks is specific to a particular enterprise, the list below gives an idea of things that need to be taken into account.

Table 1 Work breakdown structure
	ID 
	Task Name 

	1
	SOA Migration Planning

	2
	      Administrative

	3
	            Project Management

	4
	            Technical Management

	5
	      Implementation Activities

	6
	            Gathering Information

	7
	                  Interviews

	8
	                  Documentation Analysis

	9
	                  Creating Documentation

	10
	                  Review

	11
	            Analysis

	12
	                  Functional View

	13
	                        Gathering Information

	16
	                        Creating Information

	17
	                        Review

	18
	                  Technological View

	19
	                        Gathering Information

	22
	                        Creating Documentation

	23
	                        Review

	24
	                  Application View

	25
	                        Gathering Information

	26
	                              Interviews

	27
	                              Documentation Analysis

	28
	                        Creating Documentation

	29
	                        Review

	30
	                  Domain View

	31
	                        Information Analysis

	32
	                        Creating Documentation

	33
	                        Review

	34
	            Planning the Change

	35
	                  Enterprise Service Bus (ESB) Planning

	36
	                        Developing ESB Organization Principles

	37
	                        Effort Estimation

	38
	                        Creating Documentation

	39
	                        Review

	40
	                  Local Service Bus (LSB) Planning

	41
	                        Developing LSB Organization Principles

	42
	                        Effort Estimation

	43
	                        Creating Documentation

	44
	                        Review

	45
	                  Dependency Planning

	46
	                        Dependency Analysis

	47
	                        Creating Documentation

	48
	                        Review

	49
	                  Interfaces Planning

	50
	                        Interfaces Development

	51
	                        Creating Documentation

	52
	                        Review


4.3 Evaluation of Existing SOA Migration Strategies

Exposing application functions as services allows for efficient decoupling of applications. Converting legacy applications to such services allows systems to remain largely unchanged while exposing functionality to a large number of clients through well defined service interfaces. Migrating a legacy system to SOA, e.g. wrapped as Web Services, may be straightforward in theory, however, in practice characteristics of legacy systems like platform, language, architecture, and the target SOA may unexpectedly complicate the task. There exist some proposals for SOA-based migration and each approaches to the problem, mainly from different viewpoints, have commonalities.

Analyzing and evaluating modernization options should be done by using quantitative and qualitative decision-making methods for scoring and ranking. Evaluating modernization alternatives could be based on multiple criteria. Such criteria would be weighed relatively based on the modernization context. The most commonly adopted methodology to achieve this is the Multi Criteria Decision Making (MCDM) [8]. The evaluation criteria for the decision matrix are selected based on the stakeholders’ preferences and the option's costs and benefits. Our evaluation study considers the following key dimensions;

· IT agility post migration refers the level of flexibility to quickly respond to change as well as seamless connectivity and integration

· Business knowledge extraction refers to the amount, the completeness and the accuracy of business knowledge that could be mined and documented from existing applications portfolio

Although vendors already offer complex proprietary software systems to enact an SOA, they lack a holistic method to systematically prepare an SOA implementation, taking into account requirements of existing (legacy) system and of current business needs as well. Almost all of the existing approaches are implicitly bottom up neglecting business requirements. Focusing on the IT perspective yields brittle Web Services and case-by-case, experimental systems that fall short of implementing SOA principles [9]. 

Moreover, existing approaches mainly demand context sensitive solutions for migrating legacy applications to service orientation. In fact, they propose merely back-end integration based on the reverse engineering and architectural reconstruction of source codes. Such context sensitive attempts, however, are not practical enough for enterprise scale legacy applications and they cannot be generalized easily.

Consequently, the migration of legacy systems into SOA environments is a major research challenge with a significant economical impact. Despite major research efforts in the field of legacy reengineering and SOA, current approaches only focus on the technical migration itself and do not sufficiently reflect business needs, especially QoS.

4.3.1 SMART

The Service-Oriented Migration and Reuse Technique (SMART) [10] was developed by Software Engineering Institute (SEI) at Carnegie Mellon University to assist organizations in analyzing legacy capabilities for use as services in an SOA. SMART was derived from the Options Analysis for Reengineering (OAR) [11] method developed at the SEI that was successfully used to support analysis of reuse potential for legacy components.

SMART is not intended to replace system engineering activity. It provides a preliminary analysis of the viability of migrating to services, migration strategies available, and the costs, risks, and associated confidence ranges for each strategy. The organization must still pursue an appropriate engineering strategy.

SMART is an initial approach to the identification and analysis of issues in migration to services. It helps organizations analyze legacy systems to determine whether their functionality can be reasonably exposed as services in an SOA. Driven from the Options Analysis for Reengineering (OAR) method, SMART gathers a wide range of information about legacy components, the target SOA, and potential services to produce a service migration strategy for the organization as its primary product. Demanding source code engineering, SMART offers a quite clear roadmap. It is apparently platform/vendor/tool independent and it targets the process/service integration only at middle tier. But, it does not address QoS issues, content integration and other Web 2.0 technologies. 

4.3.2 SWA

Salvaging & Wrapping Approach (SWA) proposed by Sneed [12] involves a three-step procedure for creating Web services from legacy code. These are salvaging the legacy code, wrapping the salvaged code and making the code available as a Web service. 

To be able to salvage code from an existing legacy code base it is first necessary to locate that code and to determine if it is worth reusing. It is not a problem to analyze and evaluate the code of a few small programs. That can be done by any programmer familiar with the code using a comfortable text editor. It is quite different to analyze several hundred large programs in search of a few reusable blocks of code. Here too a domain expert is required, but he must be supported by automated reverse engineering tools. The next step after identifying the code of a business rule is to extract that code and to reassemble it as a separate module with its own interface. This is done by copying the impacted code units into a common framework and by placing all of the data objects they refer to into a common data interface.

Once a business rule has been located, documented and found worthy of reuse, the next step it to wrap it. The goal of the wrapping process is to provide the component extracted from the legacy code with a WDSL interface. The technique used is to transform each entry into a method and to transform each parameter into an XML data element. The data structures will become complex elements with one or more sub-elements. The methods will have their arguments and results as references to the data element descriptions. Both the methods and the parameters will be built into an XML schema with a SOAP framework.

The third and final step in creating web services from legacy code is to link the web services to the overlying business processes. This is made by means of a proxy component. The business process work flow actually invokes the proxy which is available in the same address space as the process definition.

In summary, the business rules are discovered by identifying the variables and hence the returned functions. Once the code is reengineered a tool is utilized for automatic code extraction, and then the legacy code is wrapped behind an XML shell to offer Web services to external users. SWA can be effective at process and service integration, but it has limited support for content integration by means of wrapping second-level Web Services and no support for rich content integration. It does not address the QoS as a first class concern.

4.3.3 Enterprise Model Driven Migration Approach (EMDMA)
Ziemann et al. [13] describe a business driven legacy-to-SOA migration approach entitled Enterprise Model Driven Migration Approach (EMDMA) based on enterprise modelling by introducing an elementary process model between the business function tree and the tree related to the legacy system, which is later aligned to function tree of the legacy system. Later, it applies a transformation from the legacy business process model to the SOA process model. EMDMA draws attention to the fact that aspects of functional granularity, security, reliability, etc. are not taken into account sufficiently and to the need for investigating how special characteristics of legacy systems (reliability, scalability, policies) can be matched to SOA systems. 

4.3.4 IBM’s Approach

IBM SOA strategists think that it is not enough to consider only process/service integration, but also the integration at the end-user interface. Application connectivity, process integration, information integration and a build-to-integrate development model should be considered [14] as well. The roadmap of IBM aims to help identification of appropriate best practices, merged with existing IT processes, to support governance of the capabilities introduced with SOA. Even new content integration techniques of Web 2.0 and mashup can be partly addressed in the SOA migration activities.

According to IBM the advent of Web services has produced a fundamental change, because the success of many Web services projects has shown that the technology does in fact exist. It allows taking another step back and not just examining the application architecture, but the basic business problems tried to solve. From a business perspective, it's no longer a technology problem, it is a matter of developing an application architecture and framework within which business problems can be defined, and solutions can be implemented in a coherent, repeatable way.

4.3.5 OMF

The Oracle Modernization Framework (OMF) [15] provides an architecture for applications that are being modernized for SOA, providing User Interaction, Business Intelligence, Integration, Process Management, Application Server and Database Grid needed for open systems. The OMF is also designed to accommodate other modernization approaches, whether one approach is used exclusively, several are used in parallel, or different approaches are used as multiple stages toward a longer-term goal of a complete modern reference architecture.

Oracle is a very close runner to IBM with its clear migration strategy, OMF. The first step an organization must take is to carry out an Application Portfolio Analysis (APA) of the current applications and their environment. Subsequently, organization will have the information necessary to choose among various modernization techniques such as re-architecting, enablement, re-hosting, automated migration or commercially off-the-shelf COTS replacement. This migration roadmap has been strongly supported by a tool suite, known as Oracle SOA Suite [16], which guides users from service choreography and orchestration to even Web services wrapping of legacy resources. New content generation techniques (Web 2.0 and mashup) have been partly supported so far.

4.3.6 Microsoft’s Strategy

Microsoft advocates what it calls a “middle out” approach in which SOA efforts are driven by strategic vision and business needs, and are met through iterative and incremental manner. Microsoft builds SOA through its technology stack, from the developer tools that build Web services, such as .NET to server side products, i.e. BizTalk and Microsoft Office SharePoint Servers, with further Web service construction by connecting and orchestrating services and composite applications [17]. Thus, SOA migration strategy of Microsoft is primarily leveraged by BizTalk Server concept and it heavily uses XML technology, which has some limitations in scaling to other domains. Though Web 2.0 is available today, mashup and QoS issues are partly supported.

4.3.7 NetWeaver

SAP introduced the concept of Enterprise Services Architecture (ESA) or Enterprise SOA in 2003. The company has developed NetWeaver, a Web-based, open integration and application platform and foundation for enterprise SOA [18]. NetWeaver allows the third parties offering solutions such as Seagull Software’s LegaSuite
 or Software AG’s Legacy Integrator
 that use an SOA approach to create reusable assets from core legacy applications to complement SAP NetWeaver customers seeking to integrate legacy. Figure 7 depicts the kind of functionalities Seagull Software’s LegaSuite offers to its customers; legacy access, integration and orchestration by exploiting industry standard interfaces (i.e. SOAP, XML, J2EE, .NET) and as a result providing liberate applications running on several legacy platforms. SAP provides the ESA Adoption Program to steer its customers on a smoother path to an SOA and ease the learning process of its NetWeaver development and integration platform.
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Figure 7 LegaSuite Service-Enablement & Legacy Access Platform for SOA
SAP NetWeaver is SAP's integrated technology platform and is the technical foundation for all SAP applications since the SAP Business Suite. SAP NetWeaver is marketed as a service-oriented application and integration platform. SAP NetWeaver provides the development and runtime environment for SAP applications and can be used for custom development and integration with other applications and systems. SAP NetWeaver is built using open standards and industry de facto standards and can be extended with, and interoperate with technologies such as Microsoft .NET, Sun Java EE, and IBM WebSphere.

NetWeaver's release is considered as a strategic move by SAP for driving enterprises to run their business on a single, integrated platform that includes both applications and technology. Industry analysts refer to this type of integrated platform offering as an "applistructure" (applications + infrastructure). It is widely held that this approach is driven by industry's need to lower IT costs through an enterprise architecture that is at once (1) more flexible; (2) better integrated with applications; (3) built on open standards to ensure future interoperability and broad integration; and, (4) provided by a vendor that is financially viable for the long term. 

4.3.8 Software AG’s Approach

Software AG is Europe’s one of the largest Business Infrastructure Software providers. The company continuously grows in the area of enterprise transaction systems, and is achieving more and more success in the market for SOA solutions with its integration suites. Software AG is well-recognized in modernizing/migrating valuable legacy systems for the Web or an SOA with enhanced integration mechanisms provided by its products. ApplinX
 is the leading solution for rapid integration of legacy applications into modern Web environments and Web Services.

Announced with “Are Your Legacy Systems Holding You Back? Modernize your Legacy with ApplinX” slogan, ApplinX is an open and non-proprietary solution that captures business-critical data, transaction models and even user session workflows to make them fit into new application environments – Web Services, portals, Web applications and composite applications. With ApplinX, users are able to create standard programmatic components from their legacy systems to match their new environments – Web Services, .NET, COM, J2EE and XML. 


With its open architecture and non-proprietary technology, ApplinX is a non-invasive, flexible way to modernize and integrate legacy systems. ApplinX support any legacy host, front-end and platform. To name a few:

· Legacy Hosts: IBM Mainframe, iSeries, BS2000, UNIX, OpenVMS, HP e3000, Unisys, Fujitsu, Hitachi, Tandem 

· Screen Connectors: 3270, 5250, 9750, VT, T27(Unisys), 6680(Fujitsu), Natural-Unix, …  

· Program Transaction Connectors: COBOL, Natural, RPG, APPC 

· Front End Environments: Web Services, portals, .Net, Java, J2EE, JSP, WAP, Websphere, MQ Series, Microsoft Biztalk, and many others 

· Platform Independent: The ApplinX Server is platform independent and can run any of these Web Server environments: Microsoft IIS, IBM Websphere, Sun One, Apache, Tomcat, Oracle, BEA WebLogic, or any other J2EE Application Server 

Some of the functionalities that are provided to users for easy modernization are the following:

· No need to change, understand or have access to the actual legacy code.

· Simultaneous multi-host and multi-application access,

· Capabilities that span terminal emulation to Web-enablement to Web Service deployment

· Friendly point and click composition tools and administration facilities.

· Ready made adapters, unique legacy pattern-recognition algorithms and automated generation of services and front-end components.

5 RIDE Legacy Modernization and Integration Strategy

In Deliverable 3.2.1 RIDE Vision we provide the current and envisioned situation for the issues outlined in Deliverable 2.3.1 Requirements Analysis for RIDE Roadmap by also taking into account the input from the First RIDE Workshop. In this deliverable, we enhance the implementation plans for the goals set out in Deliverable 3.1.1 Goals and Challenges by considering the legacy frameworks that are up and running in healthcare sector today. As stated in COM356, the articulation of the existing, legacy systems of Member States should be considered for further technology development and associated research and also for alignment of economics and political actors towards a concrete eHealth policy in addition to their legitimate domain goals.

Today, many health care facilities have information systems with support for medical record keeping, finance and workflow. However, it is widely recognized that the key to cost reduction and service improvement in national and international health care lies in the integration of medical information systems. Integrating healthcare information not only improves care delivery today, but also helps in providing the continuity of care which has to be achieved in a Europe of no boundary; the European Union. There are very complex, diverse and evolving medical information systems. Adoption of a single client software solution is not feasible. Even the generalised use of common clinical terminology will not be reality within a short time from now. The challenges in integration of Medical Information Systems can be grouped in two main items therefore; 1) technical differences which mean the variety of existing systems and 2) terminological differences which mean the variety of terminologies among medical systems. This lack of single software solutions and common terminologies implies that integration of medical systems will need to involve and resolve the many heterogeneous systems that currently exist and that will exist in the future. In addition, a flexible, maintainable and scalable infrastructure that acts as a backbone for integration of medical organizations in several different levels (healthcare organization, regional, national and EU levels) is needed. 

Originally, the envisioned RIDE framework aims to realize integration of different medical systems in a configurable network of interconnected organizations; thus it provides the necessary flexible infrastructure. Within the scope of this deliverable, a legacy integration strategy is presented so as to protect existing investments on IT frameworks in European Union and adapt them to the envisioned RIDE network. This integration strategy is compiled through analyzing as-is and to-be situations for legacy applications as well as other migration strategies proposed so far. In general, the RIDE Legacy Integration Strategy takes into account the underlying IT technology and business knowledge; non-functional requirements such as Quality of Service; security, privacy and dependability issues. This integration strategy and the evaluation of existing strategies are proposed together to eHealth decision makers of Member States in order to give a clear vision for the future directions of eHealth.

In the proposed strategy, integration of legacy eHealth systems is achieved by wrapping existing systems using Service Oriented Architecture (SOA) and healthcare industry standards to provide a uniform and adaptable interface with functionalities for interoperability as well as secured and controlled access among the individual systems. In the following sections, the strategy will be explained in detail; however it would be better if a recall is made to the proposed RIDE European Healthcare Network beforehand.

5.1 The RIDE European Healthcare Network

The RIDE European Healthcare Network was originally presented in Deliverable 3.1.1 Goals and Challenges in order to attack the following requirements determined in the requirement analysis (RIDE Deliverable 2.3.1): electronic access to Medical Summary documents located at another state, making use of the services that manage patient identity, the health professional identity, the healthcare provider identity and that guarantees confidentiality, integrity and patient privacy and rights. 
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Figure 8 Overall View of the Use Case Actors and Services involved in European Healthcare Network

In Figure 8, an overall view of the use case actors involved in the European Healthcare Network is given. The technologies that can be used to implement such a network are CEN ENV 13606, or IHE Profiles or HL7 messaging. They are described in detail in the RIDE Roadmap specification.


In Europe, some of the Member States already have one or more networks to exchange healthcare information locally within that state. RIDE proposes a collaborative European Healthcare Network architecture integrating already existing networks, where each Member State provides an interface to this European Healthcare Network
. 

Each Member State network has – in the RIDE approach - one or more Data Repositories which store and provide Medical Summary documents. A Data Repository is nothing but a location or a set of locations storing Medical Summaries. A Data Repository also stores Digital Signature documents of Medical Summaries and also has access control mechanisms based on patient consents. 

In order to collaborate with other Member State networks, the Member States need to provide the following services: 

Each Member State provides a Locator Service which indexes all submitted medical summaries and serves to provide locations of medical summaries in the Member State Healthcare Network. Medical summaries are indexed with the patient demographic information and other metadata attributes. Metadata format and terminologies used in the metadata are assumed to be standardised. The locator service, when it receives a document request, after authentication, processes this request by checking its own indices as well as forwarding the request to the Locator Services of the other member states. However, to improve efficiency and response time, the locator service may mandate the Member States to be checked in advance. 

The Locator Service uses a matching algorithm that determines which records are likely to match. There is no standard matching algorithm that can be adopted EU wide, because the work on matching is highly sensitive to local characteristics of the data set being queried. 

The locator service may additionally provide a subscription based service where an authorized user can request that when a piece of content is updated, they receive either a notification or receive the updated data itself. 

Each Member State provides an Auditing service which records all the medical and administrative event logs. 

Additionally, the Health Professional Registry stores and provides health professional’s identity information. Stored information may be the unique identifiers given to each health professional in that state, demographics information, role information, certificates, etc. This information is used to be able to authorize access to the patient Medical Summaries.

Finally, Healthcare Provider Registry maintains the identifiers of healthcare providers (clinics, doctor offices, hospitals, etc) and other related information like location of facility, specialty and public certificates. This information is used for providing authentication of healthcare providers and for the security and integrity of exchanged messages. 
The European Healthcare Network is the sum of the intercommunicating Member State Networks. The basic functionalities provided by the network are as follows:

· Transmission of requested Medical Summary to a clinician both at home state and at another Member State,

· Providing authorization services to determine appropriate clinician access to Medical Summaries, respecting patient’s privacy and patient’s consent,

· Providing a technical infrastructure which will support secure communication (authentication of systems, message integrity, message confidentiality) between two healthcare provider systems even when they are located in different Member States,

· Providing patient identity matching between Member States,

· Providing document (Medical Summary) integrity, 

· Providing auditing systems to monitor and audit the medical events and transactions.

Since this document does not intend to re-produce already existing materials, for further details about the European Healthcare Network and its involved actors and services, please refer to Deliverable 4.4.1 RIDE Roadmaps. 

5.2 Building the RIDE Legacy Integration Strategy

As it was stated, the envisioned RIDE framework already aims to realize integration of different medical systems in a configurable network of interconnected organizations so that the proposed European Healthcare Network is flexible by design, allowing smooth involvement of the legacy systems within the network. This is achievable by the Service Oriented Architecture (SOA) design approach which is adopted by the envisioned RIDE framework. Indeed, RIDE framework does not interfere with the low level implementation details of the use case actors and services presented in Figure 8 - Use Case Actors and Services involved in the European Healthcare Network, as long as their interacting functionalities are available to the interested parties with a standard-compliant interface. This is a basic principle of a Service Oriented Architecture. 
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Figure 9 Service Interfaces in European Healthcare Network

Each connecting line of Figure 8 was originally representing an interface; however, in order to stress the interfaces better, the proposed European Healthcare Network has been re-represented as in Figure 9. The service interfaces are categorized into two main items; Across-State Service Interfaces and In-State Service Interfaces. Across-State Service Interfaces represent the interfaces of the services that provide the necessary functionalities for achieving interoperability in the Member State level. In the envisioned RIDE framework, these services are namely Locator Service, Audit Services, Professional Identity Service and Provider Identity Service. For abstraction purposes, one general Across-State Interface can be considered for a Member State, which is grouped as Member State Healthcare Network Interface in Figure 9.


The In-State Service Interfaces represent the interfaces of the services that operate within a Member State Healthcare Network. By the help of loose-coupling provided by SOA, during interaction of two member states, one member state does not need to know anything about the In-State Services and Service Interfaces of the other member state; or vice versa. The In-State Service Interfaces are specific to a member state, thus could be modelled and implemented anyway, as long as they meet the requirements of the upper level services. Thus, we can conclude that Across-State Service Interfaces should be compliant with the design of the European Healthcare Network, whereas In-State Service Interfaces are specific to a member state and could differ between healthcare networks of member states. 


This flexible architecture enables the active participation of the legacy healthcare systems and networks of the member states in the European Healthcare Network. A more detailed figure of the architecture that concentrates on existing systems and backward compatibility can be seen in Figure 10.
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Figure 10 The Proposed Architecture for Backward Compatibility

In Figure 10, there are three main levels of abstraction: provider level, national level and finally European level. In provider level, systems of both individual healthcare providers and the regional healthcare networks are supported. For the individual healthcare providers, existing systems (EHR, Lab, Registration, etc.) may be, for data exchange purposes:

· HL7 v2.x based systems,

· Flat file based systems, or

· Proprietary systems with no messaging capability.

In order to fill in the In-State Service Interfaces that should be defined and enforced by the responsible Member State, these different legacy systems can be modernized so that all the functionalities requested by the interface could be mapped. This kind of modernization can be realised, sometimes very hardly, by the help of the SOA based legacy systems modernization/integration strategies and methodologies some of which have been presented in Section 4.3. It should be noted that it is even possible to expose the functionalities of a “green screen” legacy application as Web Services. At this point, the healthcare providers are free to choose any solution complying with their needs. These solutions will provide the “Adapter”s of Figure 10 which will enable data extraction from local data sources into standard, such as HL7 v3 message formats. 


The Regional Healthcare Networks (RHN) have their own locator services for the healthcare providers involved in the regional network. In the case of a medical summary request for instance, NHN’s locator service should interact with RHN’s locator service. The envisioned RIDE framework does not impose RHNs, however in populated countries, it is hard to keep one big NHN perform efficiently without federation of Regional Services. Thus, the RIDE framework supports federated RHNs in its architecture. The legacy RHNs could be easily integrated with NHNs since they must already have locating capabilities in order to perform within themselves. In case the standards within an RHN are different from the NHN’s interfaces, they could be mapped again by SOA based methodologies. 


Just like the healthcare providers are responsible to NHN for implementing the interfaces they are provided, NHNs are responsible to European Healthcare Network (EHN) for providing the functionalities that are necessary to implement the interfaces enforced by EHN policies. This means that, each Member State has to provide the following services compliant with the EHN interfaces:

· Locator Service, 

· Audit Services, 

· Professional Identity Service and 

· Provider Identity Service

In the following, more technical and low level details of different approaches (all of which are SOA based) for legacy systems integration will be presented. These approaches address legacy integration in different levels according to the characteristics of the legacy system in hand and are suggested by D.S. Linthicum in Enterprise Application Integration (EAI) [20]:

1. Data-level integration: This type of integration focuses on the access of legacy databases or files by either session beans or entity beans. It also includes access to newly developed data feeds, produced by the legacy system, for the specific purpose of data access. XML is often used for this integration technique because XML is a platform-independent approach for sharing data. The advantages of data-level integration are that it is fairly straightforward and quick to implement. The disadvantages include increased data coupling between applications and the need to write significant data formatting code for poorly designed data.

2. Application-interface integration: With this approach, the application programming interfaces (APIs) exposed by the applications are leveraged to access both the data and the functionality encapsulated by legacy systems. The advantage of application-interface integration is that this approach is fairly standard within the industry; i.e. many industrial packages include C-APIs. The main disadvantages are that software developed within an organization rarely has a well-defined API; the APIs may be limited in scope and may not offer the behaviour that is needed.

3. Method-level integration: By the help of this approach, business logic is shared as a collection of shared methods, or operations that the other applications can invoke. For example, common operations to retrieve/update patient data may be made available in a common repository or reusable framework that all allowed applications have access to. The advantages of method-level integration are that it often provides fine-grained access to common business functions. The disadvantage is that the fine-grained nature of the common methods can make it difficult to support common technical services, such as security access control.

4. User interface-level integration: This technique focuses on accessing existing applications through their user interfaces, with the help of a process called screen scraping, in which user keystrokes are simulated to implement the interaction with the legacy software. Screen scraping is a common technique. The advantage is that this is a time-tested and common approach for legacy integration, one that is taken by many user interface testing tools. The main disadvantage is that this approach can be slow: you need to wait for the legacy application to render the screen that you are scraping, and any changes to the legacy user interface necessitate changes to your integration code. So, usually this is the last option when there is no chance left with the other integration approaches that are in different levels. 

Unfortunately, when the legacy integration effort is very complex due to the closed architecture of the legacy system, healthcare providers and national administrations will have to write their own “wrapper” codes. In the specific case of Java, the available technologies matching with the integration approaches described above are listed as follows in the IBM Developer Works article entitled “Web services programming tips and tricks: Legacy integration techniques for Java applications” [21]:

Table 2 Java Technology Options for the EAI Legacy Integration Approaches

	Java Technology
	Usage

	RMI-IIOP
	Synchronous, peer-to-peer access of legacy systems and services. Supports method-level EAI.

	JDBC
	Access legacy databases. Supports data-level EAI.

	JNI
	Wrap C-APIs to access legacy systems and services. Supports application-level, method-level, and user interface-level (via screen scraping APIs) EAI.

	JMS
	Asynchronous, message-based communication with legacy systems and services. Supports application-level and method-level EAI.


5.3 Proof-of-Concept SOA-based Legacy eHealth Application Integration Efforts

In this section, some proof-of-concept legacy eHealth systems modernization/integration efforts based on Service Oriented Architecture integration approaches are presented.


The first example is by a group of researchers from University of Victoria, Canada. In their work entitled “Wrapping Legacy Medical Systems for Integrated Health Network” [22], the authors present their work aimed at realizing integration of different medical systems in a configurable network of interconnected organizations. Integration is achieved by wrapping existing systems using web service and industry standards to provide a uniform and adaptable interface with functionalities for interoperability as well as secured and controlled access among the individual systems.

For integrating various heterogeneous systems into health information networks, the authors present a solution called the Grid Federation Envelope (GFE). The GFE provides a web service based adapter interface for the different systems and acts as a wrapper with mechanisms to resolve technical and semantic heterogeneity and allowing information exchange among the various systems. Although the inspiration for this work was raised by the requirements of the Canadian Healthcare Network, the presented approach is generic in terms of applicability to other national or regional healthcare networks. The GFE provides two levels of integration for the participating organizations:

1. Global Integration: The organizations participating in the information Grid form loosely coupled collaborative systems capable of interaction, in particular, information exchange. To achieve this, each defines its level of participation in terms of data shared. Inherent heterogeneities that exist are resolved through mapping to a global conceptual model and schema transformation.

2. Local Federation: The existence of multiple systems in each organization could necessitate the need for internal federation for a global view to the network, if desired. The GFE allows each organization to customize its information exchange derived from its internal multiple systems.

The authors have evaluated their approach for legacy system integration with the wrapping mechanism by using real example application scenarios. One of these products is a leading physician information system which provides clinical records, billing and workflow features. The second one is a Clinical Vision Care system dedicated to patient eye care administration. Information exchanged between the systems includes examination reports and medical histories.


In another work entitled “Weaving the Web into Legacy Information Systems” [23] by a group of authors from Harvard Medical School, a solution called "Mbridge" that allows legacy eHealth system users to exploit the benefits of the Internet in a fashion that does not interfere with their workflow and is both simple and affordable to implement is described. Three key requirements directed the design process of the system. Primarily, the system itself should be transparent to users to avoid workflow disruption. Secondly, the system should allow users who choose to work with the legacy interface to continue doing so until they feel comfortable to make the switch. Thirdly, minimal coding should be required on the legacy system side.


The system was developed in collaboration with the Beth Israel Deaconess Medical Center and in the end, using MBridge, the developers were capable of allowing users logged on the legacy system to utilize some of the functionality intended to support via the Web-based clinical counterpart. For instance, an ECG server could transmit images of patient ECGs over the Web upon requests entered from the Web interface. 


The healthcare professionals and web developers welcomed this method of weaving the Web into the legacy system via a bridging architecture. The fact that the intervention requires almost no client installation or code alteration in either the legacy or Web-based systems makes it an attractive deployment from the organizational perspective.


As the final example, the achievements realized within the scope of ARTEMIS
 (IST-2103 STP) project supported in the 6th Framework by the European Commission are briefly described. “A Semantic Web Service-based P2P Infrastructure for the Interoperability of Medical Information Systems, ARTEMIS” Project began in 2004 and run for two and a half years. ARTEMIS aimed to develop a semantic Web Services based interoperability framework for the healthcare domain. It addressed the interoperability problem in healthcare domain in two respects:
· Functional Interoperability which is the ability of two or more systems to exchange information. In Artemis infrastructure healthcare institutes keep their proprietary systems and expose their medical applications as Web services. Web services provide functional interoperability through well accepted standards like SOAP and WSDL.

· Semantic Interoperability is the ability for information shared by systems to be understood at the level of formally defined domain concepts so that the information is computer processable by the receiving system. Artemis provided the interoperability at the semantic level through semantic annotation of service messages and functionalities through OWL-S and ontology mediation.

One of the most important problems in healthcare domain is the lack of infrastructures enabling the share of electronic healthcare records of a patient. There are a number of obstacles avoiding physicians to capture a complete medical history of a patient: 
· Due to the nature of healthcare domain, a patient’s medical history is usually spread out over a number of different institutes
· There are no mechanisms provided to locate the other healthcare institutes to collaborate with
· When such an organization is found, the medical information systems used by the institutions may not interoperate with each other

Artemis has a P2P architecture in order to facilitate the discovery of healthcare organizations, web services and patient records. 
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Figure 11 ARTEMIS P2P Architecture

In Artemis, healthcare institutes are represented as peers as presented in Figure 11. Each peer is connected to a super peer, which is called the mediator, and communicates with the rest of the network through these mediators. 
Artemis peers provide a number of interfaces to healthcare information systems both as servlets and Web services for the following functionalities:
· Each healthcare organization first registers itself to Artemis P2P network. For this purpose, an “Expertise Ontology” has been defined based on Health Insurance Portability and Accountability Act (HIPAA) product taxonomy, and a “Geographic Ontology” based on ISO 3166-2 codes [24]. While organizations register themselves to the Artemis P2P network they indicate their expertise, such as “EmergencyMedicalServiceProviders” from the Expertise Ontology and its location by selecting a node from the Geographic Ontology. The peer sends these to its mediator, which in turn shares a summary of this information with other mediators in the network, so that the queries searching for these organizations can be semantically routed back to the mediator.
· In Artemis architecture each healthcare organization exposes its already existing applications as web services. In order to facilitate the discovery of medical Web services of the healthcare organizations, there is a need to semantically annotate their functionality through ontologies. For example, in the healthcare domain, when a user is looking for a service to admit a patient to a hospital, he should be able to locate such a service through its meaning, independent of what the service is called and in which language. An essential element in defining the semantic of Web services is the domain knowledge. Medical informatics standards offer significant value in terms of expressing the semantic of Web services in the healthcare domain. In Artemis project, prominent healthcare standards are used to semantically annotate Web services whenever possible. For example, HL7 has categorized the events in healthcare domain by considering service functionality which reflects the business logic in this domain. This classification is used as a basis for defining the service action semantics through a “Service Functionality Ontology”. Artemis peers provide interfaces to annotate the functionality of web services with the nodes of this functionality ontology.
· Artemis enables medical institutes to communicate with each other in their own message schemas. While registering to the network, each organization provides its application message schemas as XSDs through the interfaces provided by the Artemis peer. This means that a medical information system will send and expect messages conforming to its own schema definition. Similarly when an organization publishes web services to the network, the input and output parameter’s schemas are provided as XML schemas. These are normalized to OWL ontologies and sent to the Mediator as the “Local Message Ontologies” of the organizations. When the messages of the Web services are also annotated through “Local message ontologies”, the message semantics specified, and the functionality semantics provided through the nodes of Functionality ontology are packed in to the OWL-S definition of the service and sent to the Mediator. In the Mediator, services are published to semantically enriched Web Service Registries to facilitate their semantic discovery. Artemis Mediators support both semantically enriched UDDI and ebXML registries. 
· Artemis peer provides interfaces to the medical information systems discovering other healthcare organizations in the P2P network through their expertise, discovering the medical services provided by healthcare organizations based on their functionalities as presented in Figure 12.

Artemis mediators have another important role in the P2P network, other than facilitating semantic discovery mechanisms: semantic mediation of the messages exchanged between the peers. This is achieved through the “Artemis Message Exchange Framework”. The framework involves first providing the mapping of source ontology into target message ontology with the help of a mapping tool which produces a mapping definition. This mapping definition is then used to automatically transform the source ontology message instances into target message instances. Through a prototype implementation, how to mediate between EDI based HL7 Version 2 and XML based HL7 Version 3 messages have been demonstrated [25]. However, the framework is generic enough to mediate between any incompatible healthcare standards that are currently in use. 
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Figure 12 ARTEMIS Discovery and Invocation Steps
The semantic mediation between HL7 Version 2 and HL7 Version 3 messages is realized in two phases:

1. Message Ontology Mapping Process: In the first phase, the local message ontologies of two healthcare institutes are mapped one another. Assume that Web service requestor peer is HL7 Version 2 compliant and Web service provider is HL7 Version 3 compliant. The message ontologies of these institutes are mapped one into other by using an ontology mapping tool. This tool allows defining semantic mappings between structurally different but semantically overlapping OWL ontologies, and produces a “Mapping Definition”. HL7 Version 2 and Version 3 XML Schemas (XSDs) are used to generate OWL ontologies. This process, called “Conceptual Normalization” produces a “Normalization map” describing how a specific message XSD is transformed into the corresponding OWL schema. The “Mapping Definitions” and the “Normalization map” produced in the first phase are used during the second phase to automatically transform the message instances one into another. It should be noted that, in addition to direct mappings between two local ontologies, Artemis also supports semantic mediation through mapping to “Clinical Concept Ontologies” (CCO). CCOs can be thought as global ontologies supported by mediators, and can be created based on prominent healthcare standards such as EN 13606 (EHRcom), openEHR and HL7 CDA. 
2. Message Instance Mapping: In the second phase, when a service to be invoked as depicted in Figure 12, first the XML message instances provided by the requester institute as the inputs of the Web service are transformed into OWL instances by using the “Data Normalization” engine (Step 8). Then by using the “Mapping definition”s, OWL source messages instances (provided by the requestor peer) are transformed into the OWL target message instances (expected by the provider peer). Finally the OWL messages are converted to XML again by the Mediator and the Web service is invoked. The output provided by the web service is similarly transferred to the requestor peer.

As a result, it can be concluded that ARTEMIS successfully proves realizability of interoperability among Medical Information Systems (MIS) by the help of Web Services (thus SOA) built upon a P2P infrastructure. ARTEMIS example is given specifically for showing that the effort of exposing the functionalities of legacy systems through SOA based methodologies is not a waste of time but a thriving step in MIS interoperability.
Several other examples can be found which show that SOA provides the flexibility that is necessary for modernizing and integrating the legacy eHealth systems to modern networks. 

6 Conclusion

In this deliverable, we have presented the RIDE approach for integrating the legacy eHealth applications and networks with the envisioned RIDE framework. It is shown that Service Oriented Architecture offers an impressive argument for integrating the legacy eHealth systems with modern healthcare networks. On the one hand, SOA’s use of loosely coupled Web services allows even an aging legacy system running on the mainframe to become part of a dynamic architecture, integrating freely with more modern applications across platforms. Moreover, SOA makes legacy enablement significantly more cost-effective. 


RIDE approach for legacy systems integration proposes Service Oriented Architecture legacy integration approaches but avoids promoting a specific commercial solution. According to their requirements and individual preferences, the healthcare solution providers and administrators of Member States are free to choose any SOA-based strategy. 
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