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ABSTRACT

This paper describes the concept of SOA (Service Oriented Architecture), its benefits, and SOA with Web Services.  Specifically, we examine one case of creating a web service interface between two disparate systems, the basic ideas behind the implementation and some of the proactive planning to prevent issues that others have experienced.
1.  INTRODUCTION

Any IT organization consists of many different parts that have specific requirements for management, each of which contributes equally toward the goals of helping IT meet business needs.  There are further enormous changes and challenges where IT is facing the demanding requirements from real world business needs today.  After several years of challenges and ups and downs from Y2K, Internet, the dot.com backlash and IT downturn of the first part of this decade, we're finally raising our heads.  The main change that IT is currently undergoing is the shift to Service Orientation (SO) which is completely based on open standards-based computing.  The perspective of IT functionality toward SO is being available as discoverable services on the network. 

For this service-oriented world to become a reality, however, companies must move to a new architectural approach known as Service-Oriented Architecture (SOA).  Basically, SOA is an architecture that represents software functionality as discoverable services on the network as mentioned above.  A pure architectural definition of an SOA might be "an application architecture within which all functions are defined as independent services with well-defined callable interfaces, which can be called in defined sequences to form business processes".  In other words, a service-oriented architecture is essentially a collection of services.  These services communicate with each other which could involve either simple data passing or it could involve two or more services coordinating some activity by means of connecting services to each other.  Overall, the combination of services, internal and external to an organization makes up a service-oriented architecture.  Furthermore, SOA services have self-describing interfaces in platform-independent XML documents.  Web Services Description Language (WSDL) is the standard used to describe the services.   SOA services communicate with messages formally defined via XML Schema (also called XSD).  Essentially, communication among consumers and providers or services typically happens in heterogeneous environments, with little or no knowledge about the provider.  SOA services are maintained in the enterprise by a registry that acts as a directory listing.  Ultimately, applications can look up the services in the registry and invoke the service.  Universal Description, Definition, and Integration (UDDI) is the standard used for service registry.  Each SOA service has a quality of service (QoS) associated with it in which some of the key QoS elements are security requirements, such as authentication and authorization, reliable messaging, and policies regarding who can invoke services.

Service-oriented architectures are nothing new; the Common Object Request Broker Architecture (CORBA) and the Distributed Component Object Model (DCOM) have long provided similar functionality.  These existing approaches to service orientation, however, suffered from a few difficult problems like tightly coupled scenarios.  Excitingly, the combination of Web Services and SOAs resolves the issues of CORBA and DCOM approaches to SOAs.  Now Web services have removed another barrier by allowing applications to interconnect in an object-model-neutral way.  For example, using a simple XML-based messaging scheme, Java applications can invoke Microsoft .NET applications or CORBA-compliant, or even COBOL, applications.  So, IBM CICS or IBM IMS transactions on a mainframe in Singapore can be invoked by a .NET application which in turn may be invoked by an agent running on an IBM Lotus Domino server in Munich.  Best of all, the invoking application doesn't have to know where the transaction will run, what language it is written in or what route the message may take along the way.  A service is requested, and an answer is provided.  Web services is a set of enabling technologies for SOA, and SOA is becoming the architecture of choice for development of responsive, adaptive new applications.   

In order to implement SOA, enterprises need a service architecture similar to the diagram below (Figure 1):



Figure 1: Service Oriented Architecture
As you can see in the Figure 1 above, several service consumers can invoke services by sending messages.  These messages are typically transformed and routed by a service bus to an appropriate service implementation.  This service architecture can provide a business rules engine that allows business rules to be incorporated in a service or across services.  The service architecture also provides a service management infrastructure that manages services and activities like auditing, billing, and logging.  In addition, the architecture offers enterprises the flexibility of having agile business processes, better addresses the regulatory requirements like Sarbanes Oxley (SOX), and changes individual services without affecting other services.  Furthermore, to run and manage SOA applications, enterprises need an SOA infrastructure that is part of the SOA platform.  An SOA infrastructure must support all the relevant standards and required runtime containers.  The figure below (Figure 2) is a typical SOA infrastructure.



Figure 2: Service Oriented Architecture infrastructure

WSDL, UDDI, and SOAP are the fundamental pieces of the SOA infrastructure. WSDL is used to describe the service; UDDI, to register and look up the services; and SOAP, as a transport layer to send messages between service consumer and service provider.  While SOAP is the default mechanism for Web services, alternative technologies accomplish other types of bindings for a service.  A consumer can search for a service in the UDDI registry, get the WSDL for the service that has the description, and invoke the service using SOAP. 

The success of many Web services projects have shown that technology does exist that can enable you to implement a true SOA.  SOA can be both an architecture and a programming model, a way of thinking about building software.  An SOA enables you to design software systems that provide services to other applications through published and discoverable interfaces, and where the services can be invoked over a network.  When you implement an SOA using Web services technologies, you create a new way of building applications within a more powerful, flexible programming model.  You can reduce your development and ownership costs-and your implementation risk.

It's important to understand that Web services does not equal SOA. Web services is a collection of technologies, including XML, Simple Object Access Protocol (SOAP), Web Services Description Language (WSDL) and Universal Description, Discover and Integration (UDDI), which allow you to build programming solutions for specific messaging and application integration problems.  Over time, these technologies can be expected to mature, and eventually be replaced with better, more-efficient, more-robust technology.  But for the moment, the existing technologies are sufficient, and have already proven that you can implement an SOA today since it is the next wave of application development.  Web services and SOA are about designing and building systems using heterogeneous network-addressable software components. 

SOAs offer the following advantages over traditional approaches to distributed computing:
· They offer business services across the platforms 

· They provide location independence 

· Services need not be at a particular system or particular network 

· Completely loosely coupled approach 

· Authentication and authorization support at every level 

· The search and connectivity to other services is dynamic

Short-term benefits of implementation:

· Enhances reliability 

· Reduces hardware acquisition costs 

· Leverages existing development skills 

· Accelerates movement to standards-based server and application consolidation 

· Provides a data bridge between incompatible technologies

Long-term benefits of implementation:

· Provides the ability to build composite applications 

· Creates a self-healing infrastructure that reduces management costs 

· Provides truly real-time decision-making applications 

Benefits from the perspective of Business Value

· Ability to more quickly meet customer demands 

· Lower costs associated with the acquisition and maintenance of technology 

· Management of business functionality closer to the business units 

· Leverages existing investments in technology 

· Reduces reliance on expensive custom development

Building an SOA is not an easy task. It takes a lot of time and patience to be able to make sound and consistent decisions that keep the larger SOA vision paramount.  Architects and developers must resist the urge to circumvent the provider and consumer model in favor of quicker, short term fixes.  Similarly, team members must also migrate existing service-based thinking from purely external interactions to other internal aspects of development, including component assembly and interface design and most importantly, above all, you need to build flexibility into your software.  This does not mean building in hooks and extension points into your applications but rather, reduce the dependencies and assumptions of your applications.  Reducing the dependencies of your application on current requirements increases the possibility that your software can be used outside of the possibly narrow scope originally defined. 
2.  PROJECT DESCRIPTION

For the purposes of this survey, we are going to examine the mechanics of an integration project, dealing with two separate systems that need to be joined together, in terms of a specific data stream, so that each may take advantage of one another's best features.  The first of the two packages, Resource25 (R25) (CollegeNet), is a software application that allows the user to schedule events, meetings, and course sessions as well as to assign or book rooms or spaces.  R25 allows the user to search for appropriate spaces that are available for the required date and time for an event. It allows scheduling and coordination of classes within classrooms from single classrooms and classes to series events.  The second package, Event Business Management Software (EBMS) (Ungerboeck Systems International), is a software application that is configurable from the choice of an appropriate module from 25 alternatives, in this case being the events management module.  

The project in question is a project at Marquette University where two separate packages, similar in nature, are being used by two separate departments because each department likes the specific functionality that their package of choice provides.  Functionally, the packages are used to develop and maintain classroom scheduling for each term.  That is to say, one of the packages (EBMS) deals with event management and the other package (R25) deals with classroom assignment.  So, a schedule of events is built in EBMS and a series of classrooms are matched to these events in R25.  Currently, after the schedule is built in EBMS, the data is manually transferred to R25 to build the final classroom assignment.  Conversely, once the classroom scheduling is complete the schedule must be entered back into EBMS.  Each functional area cannot see using the other's package to do their work because the one they have functions so well in its particular specialty.  Our Registrar office is using the R25 application to schedule classes. After a certain point in semester (e.g. late registration) Event Management department, utilizing EBMS product, takes over ALL scheduling, including any additions.  The solution to this is that once the R25 schedule is built to batch load the data into EBMS, also the reverse is true and the batch must be sent from EBMS to R25.  


Performing a batch load in a traditional environment would need significant import / export programming on each end to achieve the desired result.  In a web services environment, much of this programming overhead can be dispensed with and a standard format for the two systems to talk can be employed.  Unfortunately, there is a catch, in this case, that we will discuss in due course.  Given that an exported stream from a web service is in XML, all that needs to be performed in terms of programming is to map the fields from one system to another.  The most current version of R25 provides an architecture that allows this mapping to occur, in so much as R25 has become web services enabled behind an interface of TOMCAT and Apache.  This serves an interface in one direction but as we have already observed, the catch is that EBMS is not yet web services enabled.  One half of our process will transfer the event data from R25 to EBMS at our designed point in the semester.  
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Figure 3:  Service messaging 

Figure 3 describes a scenario in the best possible world where we have reciprocal servicing.  The portion we are unable, to engineer at this time will need to do the reverse; transfer the event data from EBMS back to R25, with the semester’s modifications.  This means that the return batch is going to present problems.  EBMS provides only an XML export and not an XML import, further complicating our task.  In reality, the likelihood is that we will have to serve the R25 to EBMS batch only for this project although we are still exploring the traditional methods for the return batch.  The following diagram (Figure 4) presents the architecture for the R25 to EBMS batch, an interesting part of which is the middleware integration tool called FormScape.
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Figure 4: Web services architecture

Figure 5 demonstrates this architecture in a schematic diagram, the intermediary in this case being FormScape (Bottomline Technologies) but in an ideal SOA environment the intermediary would more likely be a Business Process Execution Language (BPEL) engine.   This is needed as there is no mechanism in web services to actually perform the transfer of data, i.e., there needs to be an actor to initiate the transfer.  
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Figure 5: Web services or primitive SOA

It should be noted that there are a variety of reasons for using Web services to solve this problem.  One is tempted to say that we are using Web services because it is the way of the future but doing so invokes the question 'why is it the way of the future?'.  We have already observed that Web services are a new breed of Web application and that they are self-contained, self-describing, modular applications.  However, the most salient features of Web services are that they can be published, located, and invoked across the Web.  This is important to us in so much as these features would preclude the need to perform extensive platform specific programming.  Additionally, should one of the services be replaced with something else, the implementation of the replacement should be less painful due to the limited programming necessary.  All that would need to be done would be a remapping of the fields.  Furthermore, Web services perform functions which can be anything from simple requests to complicated business processes, opening up the possibility for additional functionality in the future with limited additional overhead.  Another core concept is that of security and, in a Web service / SOA environment.  This is handled by the core technologies wrapped up in SOAP.  That is to say that there are a series of technologies that ensure security over HTTP most particularly WS-Security.  WS-Security is the lowest level element used for securing Web services.  Transport level support is relied on heavily in modern systems for security, examples of which are HTTP/S and BASIC-Auth authentication.  WS-Security is the basic building block for secure Web services. Today, most distributed Web services rely on transport level support for security functions. Examples are HTTP/S and BASIC-Auth authentication. These approaches to security provide the minimum necessary for secure communication. The level of function they provide, however, is significantly less than that provided by existing middleware and distributed environments.  WS-Security is one of the three elements of providing security, reliability and transactability.  
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Figure 6: Composable messaging, 

In Figure 6, we see the composable message beneath an integration technology (in this case BPEL) demonstrating the three core elements of service messaging.  


As we have already observed in the introduction, Web services is not SOA.  Even given that fact, Web services can be implemented in a SOA environment and around the building blocks of SOA (WSDL and SOAP) a very primitive SOA can be architected.  The extensible framework provided by SOAP allows for data interchange needing only a WSDL to define the allowable format for messages.  At this time, R25 allows for this architecture and EBMS, with its XML import functionality, allows for unidirectional messaging.  The shortcomings of EBMS with respect to XML export as a Web service preclude us from fully closing the circle and a final solution to our problem depends upon EBMS releasing a Web services enabled version.

3.  TECHNOLOGY


XML is the natural choice for a communication definition for web services and Service Oriented Architecture as a whole.  The way in which XML was designed lends itself to a strict rule set which makes programming and communicating between disparate systems easier.  Because either a DTD or an XML schema can be easily and quickly applied to any XML message to validate it’s structure and even it’s contents adherence to a predetermined set of values a programmers time can be better spent looking at the overall picture of the Service Oriented Architecture and how his or her web service fits into that larger idea.

XML also makes a good choice as a message transfer format for web services and Service Oriented Architecture because of it’s supporting toolset.  XML has supporting tools such as XPath, and XQuery that enable hierarchical layout structure and easy searching of the contents of an XML message.  These tools and the features they provide add value to the choice of this format as the supporting toolset can aid in message integrity and troubleshooting.

Another reason for choosing XML as our messaging format is maintainability.  Business in general is plagued by archaic flat file transfers in order to enable workflow over disparate machines and technologies; in fact this is one of the arguments for web services and Service Oriented Architecture.  These flat files generally contain data only, with absolutely no information about that data which they are transporting.  In the long term poor external documentation along with no internal documentation causes a disconnect between the collective knowledge of the applications team and the business problem being addressed.  Eventually when the process or code breaks down or changes, an undue amount of time and resources must be allocated in order to re-evaluate, understand and fix/change the process, and because the code is already in production, often changes are limited to fixing the issue (symptom) at hand rather than addressing the overall problem.  Using XML changes this because the XML format not only contains the data we are interested in but also the metadata which makes the format, to an extent, self-documenting.  As either the business process changes in the future or an error occurs with the process, the changes required to re-enable the transport will be easier to make and the level of knowledge about that specific service in order to make the required changes will be reduced.
4.  PREVENTING KNOWN ISSUES AND FURTHER RESEARCH

Some concern has been raised about using XML messages due to performance issues, Cohen, Frank. (2006) and Da Ros, S. (no date).  Special consideration should be given to the issues that others have found in the past.  As with any new technology, issues will arise and solutions will need to be found for performance concerns.  Further research should be done into translating the applicable information from its relational storage within the Oracle database, to XMLDB within the Oracle database for potential speed increases.

Because we do incur some overhead using XML, mainly in parsing and translations, further research should be done in implementing hardware devices that can handle this processing outside of the application server itself.  Going in this direction for XML messages has been suggested, Da Ros, S. (no date), and we would suggest that this idea might be extended to handling SOAP, the wrapper for most XML messages, as it may lead to performance gains in web services in general.  Implementing XML enabled hardware within the network that could possibly validate the XML messages during transport would remove load from the application server.
Another are we examined is called FastSOA which specifically addresses some of the performance issues that arise from using Java, XML and SOAP in web services and Service Oriented Architectures, Cohen, Frank. (2006).  While the plan he suggests of implementing application server caching to increase the overall throughput would certainly yield performance benefits in widely used web services within a Service Oriented Architecture, our small example of using web services to interface between two systems only would not benefit from this as it would only serve to add to the complexity and overhead of creating this web service.  One point we will take from his discussion is his concern about the efficiency of SOAP bindings using Java as the programming medium.  While the costs may not be large for our small example, good programming and enterprise design is something that everyone should follow.
5.  CONCLUSION

While there are certainly many ways to integrate disparate systems in an enterprise environment, the paradigm seems to be shifting from legacy solutions to Service Oriented Architectures and web services utilizing Java, XML WSDL’s, XML messages, SOAP and BPEL among others.  This shift is being caused by current pervasive technologies surrounding the internet and it’s ability to act as an exceedingly good medium for connecting consumers and services both as real life entities and as a replacement for the communication medium between widely varying computer systems.  XML and it’s supporting framework of tools is the correct choice as the backbone for this new environment, and environment that supports easier development, maintainability, understanding and wide-spread implementation and use.
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