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Abstract
This paper introduces design technology related to heterogeneous Corporate Information Systems (CIS) with loosely coupled architecture. The proposed technology aims to provide a single information environment which combines heterogeneous Legacy Information Systems (LIS) of an enterprise. A series of design stages concerning such kind of systems is offered in the context of this technology. It also comprises a number of reengineering approaches related to legacy systems and their business-functions. Web-services technology is used as a standard to organize interaction between these systems. Consequently, business-functions realization in global CIS components should be expanded by corresponding services realization. Modern database technologies were implemented to solve the problem of providing reliability and high performance to system business-functions based on Web-services. Thus organized CIS has loosely coupled architecture which follows the main principles of the Service-Oriented Architecture (SOA) concept.
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I. Introduction
Nowadays, information systems tend to join independent heterogeneous components into a single information environment of an enterprise. This process usually requires intensive use of the Web for communication purposes. These tendencies caused the appearance of several conceptual design approaches and practical techniques. Practical techniques include: Web-services techniques, HyperText Transfer Protocol (HTTP), Simple Object Access Protocol (SOAP), eXtended Markup Language (XML), Web Services Description Language (WSDL), Universal Description, Discovery and Integration (UDDI), etc. Enterprise Content Management (ECM) and SOA can be named as conceptual design approaches. Rapid evolution of information systems gives a chance for enterprises to adapt their systems to specific project domains and business-processes, clarify business-processes management, increase management flexibility and performance. The result is competitive advantages for enterprise.
Thus, there are both by now: the concepts that determine information system re-quirements and technologies that allow creation of such kind of systems. Web-servi-ces technology allows to develop CIS design model which is platform- and program-ming language-neutral. A Web-service is an interface that defines a number of opera-tions (programming methods and business-functions based on these methods) acces-sible for remote call through standardized XML message exchange [Gottschalk, 2002].
II. Problem posing
There are key problems facing development of CIS with loosely coupled architecture. Mostly they are connected with a great variety of upcoming changing standards and specifications that can be used during the development process. Also, it is enormously difficult to meet several standards simultaneously. Besides, information systems evolve to cope with increasing functionality and structure complexity. As a result, it is necessary to expand heterogeneous legacy systems (being basic components of modern systems) with functions for interaction, providing reliability and high performance, decreasing management complexity.

There is no universal technique for ECM or SOA systems development by now [Porter-Roth, 2005]. The practical realization of these concepts depends mostly on system peculiarities, project domain and business-processes. Thus, it is currently important to develop approaches and technologies that regulate and formalize CIS design process and also satisfy requirements of modern concepts in these systems.

III. Results
The developed technology aims to join independent LIS (usually created by different development groups) into a single CIS. Such an application of the technology was chosen because of the following reasons.

– Most enterprises (which are interested in complex systems that match the requirements of ECM and SOA concepts) already have several implemented workable information systems. As a rule, typical solutions are implemented for common business-processes, e.g. book-keeping and accounting; specific systems are developed to automate business-processes that are extraordinary for the enterprise. Moreover, there can exist strong relations between information systems (or their functional components) of an enterprise.

– Joining independent LIS is much more time and cost effective than designing ECM system from scratch.

– As already mentioned, almost any global CIS can use Web-services as a standard of interaction between CIS functional components; the Web is used for communication purposes. The Web and Web-services technology implementation may cause the decrease of reliability and security. But every client expects these parameters values to remain the same as they were while the system was local. At the same time this client wants to obtain flexibility and clarity in business-processes management and systems configuration management, which are common for SOA systems. To overcome this problem, currently used LIS are reengineered and reused as CIS components.

Thus, one of the main given in this paper principles that help to solve current problems is to reuse previously available LIS as CIS components being reengineered. The structure of any information system is defined in terms of its business-functions and relations between them: 
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 is a set of relations between them. These relations  describe functional interaction and data flows (queries and responses).  Then CIS structure of “TO BE” type can be formally represented as: 
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 is a set of independent LIS of “AS IS” type. These LIS are included to CIS as integral parts.
Distributed CIS design assumes analysis of enterprise business-processes and business-functions that handle these processes. It also assumes to find some reasonable ways of interaction between business-functions of global future CIS, realized in different LIS. The interaction between information systems functions is usually connected with changes in enterprise business-processes. That is why a list of system functions must be obtained as a result of the analysis; a list of functions to be expanded by corresponding Web-services realization; a list of enterprise business-processes changes. As already mentioned, Web-services technology is implemented to provide data exchange between integral parts of any information system. Thus, it is necessary to determine system data flows (flow directions and data amount), the placement of databases and data stores and their access methods.

When using the Web as a communication environment for distributed CIS, it may sometimes happen that there is no access to one or another CIS Web-service. For example, problems can occur in communication devices or channels; any failure of equipment. Any planned maintenance may also cause system shutdown. Although this maintenance is usually done at nighttime, CIS users that work in other time zones then have no access to their system. So each business-function must be analyzed for the ability to operate (either completely or in a limited way) in autonomous mode.

It is quite recommended to expand system business-functions with Web-services in a consistent particular order to avoid system shutdown. Since an enterprise must always operate in its usual way; any LIS reengineering mustn’t effect these regular processes. The strategy of reuse and reengineering of previously available LIS allows to avoid LIS shutdown while implementing a new CIS. In other words, an enterprise doesn’t have to stop functioning for the implementation period. Consequently, decreasing the implementation cost is obtained.

Business-functions reengineering must be carried out by adding new features based on Web-services without any significant modification of previously available LIS. Thus deployed Web-services connect different business-functions of CIS components, providing a kind of a transport environment. XML [W3C, 2006] and SOAP [W3C, 2007] technologies are used for message exchange between system components. If any current functionality is repeated by providing new Web-services, it must be saved for the purposes of autonomous work. In some cases it is appreciated to decline the use of Web-services in order to increase the level of system security. It is highly recommended to provide automatic and automated mechanisms for mode changing to autonomous and back. It is also very useful to provide mechanisms that allow the system to choose which functional components (Web-services, local programs or subprograms) and data sources must be used. That is how encapsulation is achieved: modified mechanisms are hidden from the end user. The benefit is that this user doesn’t have to cope with new technologies and doesn’t need to obtain new knowledge and skills for system administration.

The developed approach enables CIS components to remain reliable. It is possible mostly due to the integration of LIS program modules and Web-services (without any significant modification). This approach doesn’t assume any complex design process to build a new distributed SOA system. But it does assume to create a new system with loosely coupled architecture where SOA concepts are implemented by LIS reengineering. Previously available LIS architecture remains the same with its strong relations; a new loosely coupled CIS architecture is developed on the basis of the previous one. The ideas of SOA and Web-services allow to increase system flexibility, adapt this system to business-processes changes, develop new analysis functions and decision making functions (this often requires integration of different systems components) that are essential for middle and high management positions. Strong relations between CIS components make CIS functions as secure and fault-tolerant as they were in LIS. Consequently, this approach enables to obtain flexibility that is common for SOA systems as well as reliability of local systems.

Data caching approach is used in CIS Web-services to guarantee high performance of functions based on Web-services and efficient processing of asynchronous queries. This approach is based on database technologies. Frequently used data is copied and then saved at those repositories where this data is particularly needed. Such a concept works well in distributed databases [Kernosov, 2008]. Actually, global CIS development always implies the use of distributed databases. But the proposed technology deals with several independent LIS (usually created by different development groups that don’t want to share their database schema descriptions). In such cases it is quite difficult to follow the classical approach for distributed database creation. Furthermore, it is reasonable to decrease system utilization and communication channels load by minimizing the number of queries to Web-services of remote functions. The analysis of data flows and repository locations (places where databases and data stores are located) reveals frequently executed queries. This helps to effectively organize the caching of data obtained from Web-services of remote functions. Any data should be cached periodically, e.g. daily.

The most part of frequently executed queries operates with a limited data set. For instance, the functional task of working hours calculation requires the information about those employees who must work at the present moment (this data is cached daily). The functional task of employees accounting requires the information about dismissed employees (historical data) and those employees who have joined today (new data). From this example it is clear that cached data is enough for the typical queries. Those queries that need another data (not cached yet) are directed to the Web-service of the corresponding functional task (Figure 1).
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Figure 1 – Data caching schema

Except query routing, data schema modification is necessary to store and update cached data. The development groups of an enterprise (not outsourcing developers) usually take part in software and dataware modification of LIS functional tasks. That is why there is no problem of private database schema. Most queries are directed to local databases. This decreases communication channels load and response time (increasing system performance). Besides, data cashing enables most CIS functional components to operate in autonomous mode.

The approach thus allows to process asynchronous queries and to carry out packet updates using Web-services.

The developed technology of heterogeneous CIS with loosely coupled architecture design sums up the described above approaches to get a single design process for building CIS based on separate LIS. This technology can be used over the whole global CIS lifecycle. The technology includes the following conceptual design stages.

1. The analysis of enterprise business-processes and corresponding LIS business-functions.

2. The analysis of existing data flows in LIS followed by the search for new possibilities to organize functional relations and data flows (based on Web-services) between the components of different LIS.
3. The analysis of functional relations (based on Web-services) and their influence on system business-functions and typical queries. The detection of data sets to be cached. The identification of data caching strategy. The estimation of CIS modules abilities to operate in autonomous mode.

4. The choice of Web-services specifications and standards for each level of Web-services programming stack [Gottschalk, 2002] with respect to network technologies and protocols, requirements for security, reliability, Web-services management flexibility, etc. [Porter-Roth, 2005].
5. The formation of an ordered strategy to expand system business-functions with Web-services.

6. The creation of mechanisms for publishing and discovering Web-services. For these purposes it is sometimes enough to send the WSDL-file with service specification description via e-mail to client application developers. In other cases (depending on CIS peculiarities) UDDI-registry of Web-services must be organized for many developers. Then the client application would have to choose one of the many potential services, aggregate several services into a higher level Web-service to implement in the corresponding business-situations (cases), etc.
7. The revision of administration tools and users’ access permissions to CIS resources and functions.

8. The creation of a unified mechanism for automatic mode changing to autonomous and back, which helps to organize business-functions operating in different modes.
9. Stepwise expansion of LIS business-functions with Web-services, their testing and implementation. The creation of global CIS with loosely coupled architecture and strong relations between LIS (which are the components of CIS).

10. Writing system and program documentation that describes developed strategies and mechanisms, their features; CIS functional structure and data flows between its components; all the necessary operations for system maintenance and administration.

The developed technology has an exact application: it aims to combine independent LIS of an enterprise into a single CIS with loosely coupled architecture. The benefits of using this technology are the following:

– the ability to join heterogeneous information systems (created by different developers) into a single information environment of an enterprise;

– CIS development, considering the SOA concept, enables to obtain the benefits of loosely coupled architecture, e.g. flexibility, clarity in business-processes management and the ability of quickly adaptation to their changes;

– the ability to develop various systems of different complexity levels; the standardized algorithm of CIS design based on the system approach;

– a high level of security and CIS performance owing to data caching and database technologies, strong relations between systems elements joined into heterogeneous CIS;

– the ability of system business-functions to operate in autonomous mode increases system reliability and fault-tolerance;

– the elimination of problems connected with private database schema of heterogeneous information systems while their integration;

– the creation of distributed system using Web-services technology;

– an ordered expanse of LIS business-functions (that goes on behind the scenes and doesn’t prevent an enterprise from operating in its usual manner) causes low cost of implementation;

– the ability to revise, improve and expand the functionality of CIS with an open architecture; 

– the decrease of development time, increase cost effectiveness and low labour input owing to the reuse of already existing components;

– the encapsulation of provided changes (there’s no need for the end users to obtain new skills and no need to modify users’ guides and duty instructions).
IV. Conclusion
A novel information technology was developed as a result of this work. This technology is intended to solve practical problems connected with the development of global distributed heterogeneous CIS which enhances the information infrastructure of an enterprise. The proposed set of conceptual approaches enables to develop heterogeneous CIS with loosely coupled architecture and to remain strong relations between previously available LIS components. Thus, some disadvantages of distributed systems were eliminated that include development complexity, low level of system reliability and performance. Some peculiarities of such systems development are described. CIS structured schema is offered. Web-services technology implementation in CIS design is explained in details. The analysis was made on how Web-services influence the systems architecture. The proposed solutions reflect the current state of information systems evolution and enable to develop this kind of systems by changing the previously available systems, expanding their functionality and implementing new technologies.
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