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XML technologies, particularly the Web Services protocols WSDL and SOAP, are beginning to have a profound effect on the way application software is developed and the way in which sophisticated processes of any type (transactional, workflow, operational, etc.) are designed, implemented and managed.

One area of software development that has been markedly influenced by XML and Web Services protocols is the Business Process Management (BPM) arena. The major stakeholders of the Web Services vision all realize that the only rationale for implementing Web Services technology will be to obtain quantifiable efficiencies, otherwise known as return on investment (ROI). For this to happen Web Services must be able to support reliable, durable and sophisticated business processes. Consequently, the dominant software developers, and numerous smaller ones, have introduced advanced BPM platforms for developing and implementing real-world business processes that exploit the virtues of XML and Web Services. This document will describe the characteristics of BPM platforms and how they incorporate XML technology today, and what they are evolving towards. It will also examine the business process applications that BPM products are designed to address effectively.

The core Web Services standards, Web Services Definition Language (WSDL), Simple Object Access Protocol (SOAP), and Universal Description, Discovery and Integration (UDDI), were jointly developed and submitted to the W3C by IBM, Microsoft, UserLand Software, DevelopMentor and Ariba. The combination of their simplicity, platform independence, and leveraging of HTTP positions Web Services to become the predominant architecture for wide scale distributed computing.

WSDL is an XML based specification for describing what a program component does and how to communicate with it. A WSDL document resides at a URL location and is “linked” to the actual program module that is typically located elsewhere. You can actually point a browser at a WSDL web page and it will “expose” the methods of the program to you, that is, what it does. In addition, a WSDL document also informs you of what information you have to provide the program to do its job, and what information the program will respond with. The way that this information is conveyed to and from the program is through a SOAP message. SOAP is the specification, also in XML, for the message format in which the variables and parameters required by the program are sent to it, through a WSDL intermediary, to invoke its methods. The program in turn, sends the results of its process back to the request originator in another SOAP message. A SOAP message is simply an XML formatted text document encapsulated with an HTTP header for transport through the Internet. Because HTTP is one of the transport mechanisms used by SOAP, a Web Service method call can be made to and from any Web enabled computer anywhere in the world. Hence the potential to construct distributed computing processes on the same massive scale as the World Wide Web.

Another significant aspect of Web Services is that any XML document can be encapsulated in a SOAP envelope and exchanged by applications that have no WSDL functionality whatsoever.  A “SOAP Client” inserts an XML document into a SOAP envelope and POSTS it using HTTP (a process referred to as “marshalling”) to a “SOAP Listener”, which can be nothing more than a URL address containing ASP or JSP code that accepts the delivery.  “SOAP Messaging” is very attractive for the following reasons:

· The SOAP client and listener applications are very simple constructs. A SOAP client can be easily embedded as a routine in any program or web page and the listener is basically a URL endpoint.

· By using HTTP as its transport, a SOAP message can go anywhere (i.e. through firewalls), use existing SSL facilities for authentication and encryption, and leverage the infrastructure scale of the World Wide Web.

· Everything in the message, the SOAP envelope, header and body (the encapsulated documents) is expressed in XML, thus making the entire object entirely transparent. Because the semantics and structure of the documents are fully exposed, extensive validation, manipulation, routing and transformation functions can be applied to the documents without writing application code to do so.

· Unlike with CORBA, an earlier architecture for distributed computing, a Web Services network endpoint (an HTTP URL or other address) can support multiple XML formats, providing a real polymorphic interface that will not break down with new versions.

In summary, Web Services provides two distinct functions: WSDL exposes the methods of a software program and allows a remote user to invoke those methods by transmitting the variables and parameters of the operations in a SOAP envelope. SOAP Messaging, independent of WSDL, enables XML documents to be routed and manipulated using the semantic content of the envelopes and/or documents.

Both of these functions, individually and combined, can facilitate the integration of different application programs and computing platforms, automate workflow processes, and coordinate business interactions among multiple participants.  The fundamental integration mechanism is very straightforward: any WSDL request/response operation or SOAP messaging event can be the input to, or output of, any other WSDL operation or SOAP messaging event. By pipelining and coordinating operations, messaging events, and transformations in this way it is possible to assemble complex interactions and processes. It should be noted that when combining XML, SOAP and HTTP, there is significant computing and transport overhead that requires careful consideration when engineering distributed applications. 

Software for Business Process Management has been available for some time and products fall into two categories: workflow management and application integration. The former attempts to optimize and coordinate the interaction of people and processes, while the latter attempts to eliminate or minimize human intervention in business processes by automating the flow and processing of information among applications. Virtually every product available in each category has incorporated XML and Web Services functionality. While workflow management tools have benefited from using XML documents, SOAP messaging and WSDL exposed applications, the platforms for integrating applications and automating business processes have been the most profoundly affected. With a minimum amount of re-engineering to incorporate XML and Web Services facilities they have become substantially more adept, flexible and versatile. They leverage their existing support of point-to-point integration, that is, “tightly coupled” custom coded interfaces between applications or processes, with the additional capabilities of enabling many-to-many integration scenarios that do not require custom coding for each interface (“loosely coupled” interactions). Essentially, they provide assembly, sequencing and coordination support for operations, messaging events and transformations.

By providing lifecycle support for the entire business process (design, execution and control), deploying standards based protocols to embed and manipulate the semantic content of business information (XML, XSD, XSLT etc.), and leveraging HTTP and SOAP messaging transport facilities, BPM platforms are positioned to play a more prominent and expanded role in the way business applications and processes are developed. 

The following components are representative of the infrastructure found in many of the BPM products on the market today:

· A business process design tool for diagramming process steps

· A facility for applying business rules and logic to the process steps

· Support for complex process behavior and contingencies such as 
- transactions with two-phase commit, rollback and compensation 
- exception handling
- parallel branching and joining 

· Links to program components (COM objects, Java Beans or WSDL exposed applications) that will execute programmatic operations in support of the processes, and transport facilities (message queues, ASP/JSP pages) that will route messages. 

· An XML editing tool to define the semantics (schemas) of documents

· An XSLT based tool to define stylesheets used to dynamically transform documents into different formats

· A reliable messaging transport infrastructure that supports security, correlation and persistence
· Management tools for monitoring and viewing real-time information about the location and status of messages and processes usually based on a DBMS.

A BPM platform is not an all-purpose programming toolkit. It will not replace an integrated development environment (IDE) for writing procedural code. A BPM platform does however go beyond the functionality of a programming environment in that it hosts the entire lifecycle of an integration scenario or business process from design and implementation to instance execution and monitoring. It functions as a special purpose application server and messaging router as well. 

In order to better understand the functionality of the BPM platform components itemized above and how their utilization profoundly changes the application development paradigm it is worthwhile examining how a process is implemented in this environment. As an example we will use two business processes taken from Microsoft’s BizTalk Server tutorial. Process one takes place on the customer side and transmits a purchase order to a vendor that initiates the second process on the vendor side that generates an invoice. The following are the steps in each process:

Process one is started with the submission of a purchasing request for approval. The process engine uses a decision facility to inspect the total amount of the purchase request, which is an XML encoded document (see below). If the total is more than $1,000 the request is denied and a denial message is sent to the originator of the request. If the total is equal to or less than $1,000 the request is approved, converted to a purchase order and sent to the vendor.

Illustration 1 below shows the BizTalk Orchestrator flowchart of the Purchase Request process on an abstract level.
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Process two is started when the vendor receives the purchase order. The purchase order initiates an activity representing the work involved in fulfilling the order and the information from the purchase order is subsequently used to generate an invoice that is sent back to the customer.

Illustration 2 below shows the BizTalk Orchestrator flowchart of the Purchase order to Invoice conversion process on an abstract level.
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When using a BPM design tool like BizTalk Orchestrator the activity sequence of a process is created abstractly. That is, what happens is defined independently of how it happens. The abstract steps of the process are defined using a flowchart diagram as indicated on the left side of the screen in the above diagrams. The actual implementation mechanisms (database access, programmatic operations, document routing, transport facilities, transformations, etc.) are  “bound” to the activity steps by establishing a link in the form of a messaging interface (a “port” in BizTalk parlance). The right side of the above screens show the logical representations of the implementation mechanisms deployed and the center of the screen illustrates the bindings through the messaging interfaces. 

Working on an abstraction layer in this way facilitates the adoption of the “loosely coupled” paradigm as the fundamental approach to defining any type of logical or functional interaction. The concept of pervasive modularity is a defining characteristic of Web Services and BPM technology. It is realized in the BizTalk Orchestrator example above in the following ways: in the separation of design and implementation (i.e. programming) functions; the use of implementation constructs that are exposed, reusable, replaceable and extensible; the activation of process steps by or through a messaging interface or document inspection event; and by the dynamic invocation of participants and components based on the data flow of the process instance.

Now let’s look at the utility infrastructure that is deployed to implement the logical process steps.

On the customer side an XML formatted Purchase Request document is copied into a folder.  A BizTalk Server File Receive function polls the folder and routes the Purchase Request document through a Channel to a Port destination. A Channel is like a border checkpoint where your papers are inspected before being allowed to enter or exit. Every Port has a preceding Channel. The Port destination is an executable script (an XML file called an XLANG Schedule) of the Purchase Request process that was generated by BizTalk Orchestrator from the process diagram, (see Illustration 1) and it is instantiated when the Channel passes the document to it (a messaging event). The decision function of the XLANG Schedule reads the total price field of the document and if the amount is greater than $1000 an external program is invoked (in the form of a Windows script file). The Purchase Request document is passed to the program (another messaging event) that in turn sends it back to the request originator as a screen message and modified to indicate that the request was denied. If the decision function determines that the total price is less or equal to $1,000 then the XLANG Schedule forwards the Purchase Request document to another Channel where it is converted (using a built in XSLT mapping function) into a purchase order format of the vendor’s specification, encapsulated in a SOAP envelope, and transmitted via HTTP to a Port destination (yet another messaging event) which is an Active Server Page (ASP) located on the vendor’s web server.

On the vendor side the ASP page passes the purchase order to a Messaging Queue, which is polled by a Receive Function. The Receive Function routes the document to a Channel whose corresponding Port destination is an XLANG Schedule (see Illustration 2) that executes the Purchase Order to Invoice process. The XLANG Schedule invokes an external application program that does generic “work” (in an actual implementation this work could be checking the customer’s accounts receivable status, checking product inventory, etc.).  Once the work is completed the XLANG Schedule forwards the Purchase Order (a messaging event) to a Channel where an XSLT mapping function converts the document to an invoice format of the customer’s specification, encapsulates it in a SOAP envelope, and transmits it via HTTP to a Port destination which is an Active Server Page located on the customer’s web server.

To summarize, the implementation infrastructure described in the above scenarios is comprised of:

· Documents encapsulated in SOAP message envelopes

· ASP pages that accept SOAP messages transmitted by HTTP

· Receive Functions that poll folder locations for documents and then routes them

· HTTP and Message Queues for messaging transport

· XLANG Schedules that orchestrate process steps and supply business logic functions

· Document transformation facilities using XSLT mapping

· Channels that provide messaging inspection and call transformation functions

· Ports that represent the logical destination of a message

· Discrete program modules (Windows scripts or COM objects) that provide application support for process execution

It is worth examining the functionality of the BizTalk Server Channel/Port facilities indicated above in more detail. 

A Channel is the logical point of entry to a Port and it is where a message/document is pre-processed prior to being delivered to the Port. The following functions can take place in a Channel:

· The message header is inspected to determine the source organization and type of application that generated the message.

· If the source organization or application expects a proof of delivery receipt the Channel provides the mechanism to generate one.

· If messaging events require encryption and/or use digital certificates for authentication, the Channel is where these functions are set up. At run-time messages will be encrypted/decrypted (for send/receive actions respectively) and digital keys appended and validated.

· Channels can be configured to track and/or filter the transmission or receipt of documents. Tracking and filtering can take place on the document, element or attribute level as well as for specific values of the elements or attributes.

A Port is defined as one of three types of destinations: an organization, an application, or an XLANG Schedule. The attributes of a port are: 

· The specification of a transport mechanism that can communicate with it (HTTP, HTTPS, Message Queueing, SMTP), as well as a back-up transport facility.

· The specification of a custom message envelope that the Port will recognize.

· The specification of any message encryption and/or authentication requirements (as implemented in the corresponding channel for the port.

What is significant about these functional utilities is the extent to which they can complete the process implementation with nominal procedural code support.  What code is required typically facilitates discrete interactions with or operations on databases, core business applications, or the operating system, and is naturally a component object (or WSDL manifestation of a component object) extended from existing classes. 

It is also worth noting the relative independence of each implementation construct from one other. A change to one has no direct or indirect impact on the logical or functional integrity of any other implementation object. If the URL destination address of a port or a decision rule in an XLANG Schedule is changed, neither modification will affect the other. This modular isolation of functionality has important benefits in terms of extensibility, scalability and lifecycle management. 

Most real-world business processes and their respective business logic will be more complex than the examples used above. In many cases they will incorporate process and data integrity controls such as ACID transaction support, stateful persistence of long running interactions, and correlation mechanisms. As process complexity increases, the value of being able to design, implement and document process behavior using exposed and isolated methods becomes more apparent. The process example shown in the two Orchestrator screen captures below illustrate a nested transaction where an ACID transaction (a purchase payment) is embedded in a long running transaction (the purchase of goods). The long running transaction has a duration contingency, that is, over a period of time there is an option to abort the transaction (return the goods in 30 days), which requires steps to reverse the long running transaction as well as the ACID transaction. Because the ACID transaction was completed, a compensatory transaction (issuing a credit) needs to take place to zero out the original payment. In illustration 3 below a reversal implementation for the ACID transaction is documented but it is not attached to an executable action because it is a potential contingency that may or may not happen. BizTalk Orchestrator uses a separate process drawing (on a Compensatory tab) to address this contingency. This can be seen in Illustration 4 below.

[image: image3.jpg]Hrlowc.. x
Ports Here
pusnass
P
o [T
Serwsc
S ot S
| —— Eapment
eI E N cnnte Fomnee
P
=
G
oo 1
T ettt R Q)
L] st o Rachatahande
oG Recahaehantea e
T - Sebintanies e
T i\ camon Ronmvecchandn
Rehmirchansia WS
=y
Smne reqesnin
T T
T
Pond
Gocicomtinan Tomacrw (3
R Femrarorges
Reamscharaisc
cocunsio
os
e
KR _»'_//‘





Illustration – 3 A nested transaction process.
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Illustration 4 – The compensating process to zero out a completed ACID transaction

By being able to visualize complex business logic along with its respective implementation mechanisms software development becomes less abstract and more manageable. Each logical process step is coupled to a discrete implementation mechanism whose methods are self-documenting. While development notation systems such as UML allow a business analyst to document the functional specifications and “use cases” of software using a structured methodology, a programmer still has to interpret this documentation and translate its intent into a completely different language and format. 

Interpreting and translating the specifications of complex processes into procedural programming code has always been problematic in that the code generated is typically more complicated and unpredictable than the actual process behavior being modeled. This phenomenon tends to introduce a good deal of fear and loathing into the development process, and this anxiety never quite dissipates. Consequently, once software is operational, any subsequent modifications are discouraged and documentation is addressed with reluctance. This is the reason why many business processes revolve around the limitations of rigid software infrastructure. Obviously this is not an optimal way to run a business.

A BPM orchestration tool allows the business analyst and the programmer to work independently using their own tools, yet collaborate (interactively or asynchronously) in a common workspace on a model of the process that combines and correlates their respective contributions. The model itself directly generates an executable runtime script of the process. This assembly paradigm results in significant software development efficiencies and lifecycle flexibility by minimizing the ambiguities and recursive revision cycles that are inherent to interpreting and translating the intent of a specification. Furthermore, the implementation mechanisms for highly complex functions, such as short and long running transactions with the required support for features like two phase commit and roll-back are built into the platform, further minimizing the need to write complicated procedural code.

I have identified SOAP messaging events - the sending, receiving, inspection and transformation of exposed XML documents as a foundation of BPM innovation. As such a BPM should be capable of mapping the flow of data in a message exchange that is associated with a process step. The following screen capture illustrates the way that BizTalk Orchestrator maps the flow of data (as entire documents and/or specific elements in a document) between messages in Process 2 that was described above. 
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Illustration 5 – Data flow mapping in Process 2

While the benefits of deploying a BPM platform should be clear and compelling the market is experiencing some confusion in comprehending their value and hesitation in adopting them. This response can be attributed to several factors: the newness of the technology coupled with an overwhelming volume of surrounding “noise” (i.e. information that confuses rather than informs); the concerns that Web Services are not secure, interoperable or capable of reliable execution; and the initial focus on Web Services providing the infrastructure for the next generation of Internet commerce, a notion that is based in reality but overhangs the current agenda and resources of the market.

It is important to keep in mind that a Web Service is nothing more than program code whose methods are exposed through XML at a URL location and are invoked by an XML message posted to the URL address. As with any other application, its secure and reliable execution is a function of context, that is, the operational support infrastructure that it executes under. And this is exactly what a BPM platform is designed to provide. Furthermore, SOAP and WSDL, like the HTTP protocol they leverage, work exceedingly well because of their simplicity and elegance, which accounts for their widespread appeal.  Interoperability is an important concern and the software industry, through the auspices of the Web Services Interoperability Organization (WS-I), is working swiftly to address incongruous implementations because it is in everyone’s best interests to do so. 

The secure, reliable and choreographed execution of Web Services outside of a BPM context is worth examining in more detail because it touches on the potential capabilities of a standardized business process execution language. As described earlier, an XLANG Schedule is the executable runtime script of the process designed in BizTalk Orchestrator. It is an XML document that encapsulates the behavior and implementation of the process steps in a proprietary XML business process schema language. The language is called XLANG and was developed by Microsoft. A runtime engine (called an XLANG Scheduler) loads an XLANG Schedule when triggered by a messaging event. The XLANG Schedule is analogous to an interpreted program. The important idea here is that the behavior and implementation of the process is specified at design-time (using BizTalk Orchestrator) and encapsulated into an instruction set for execution at run-time. All of the security specifications (encryption and authentication) for exchanging messages among parties are also established through a negotiated understanding at design- time.

What is envisioned for Web Services is the ability to automatically determine at run-time if there are security protocols that need to be negotiated as well as the existence of a process instruction set that governs the execution behavior of Web Services that work together.  A security negotiation (handshake) would take place first and the Web Services would then be executed according to the instruction set. This would happen on a spontaneous, ad-hoc basis at run-time without requiring a design-time configuration. This will be accomplished by adding a security and process language protocol on top of the WSDL and SOAP protocols. Work on both of these endeavors has been going on for some time by a number of standards bodies and private consortiums. The security and processing requirements of a Web Service might be published within the context of a WSDL document as a header extension or they could be referenced at a separate URL location. In either case, to make these functions “public”, that is, configurable at run-time, standardized protocols for each will be required. 

IBM and Microsoft have combined their respective process languages (Web Services Flow Language and XLANG) into the Business Process Execution Language for Web Service (BPEL4WS) that will be submitted to one of the standards organizations. The Business Process Management Initiative, an organization of approximately 200 companies has developed the Business Process Management Language (BPML) and standards bodies will consider this as well. XML Key Management System (XKMS), Web Services – Security (WS-Security) and Security Assertion Markup Language (SAML) are methodologies moving through the standards adoption process that address different aspects of Web Services security.

There are various XML grammars being formulated whose purpose is to support robust run-time capabilities for executing business processes. These include WS-Coordination, WS-Inspection, WS-Routing, WS-Transactions, and many others. This tidal wave of XML protocols for expanding the process-oriented capabilities of Web Services is an indication of the impact that this technology will have on the ways in which business will be conducted throughout the world. These run-time capabilities will enable an unlimited community to spontaneously engage in sophisticated business arrangements utilizing widely distributed resources. Just as Web servers and browsers facilitated the explosive, random communication of information among people, secure and run-time orchestrated Web Services will facilitate the communication of processes among computers. By publishing business operating procedures using a standardized XML business process management language, it will be possible for companies and organizations to automate the negotiation, execution and monitoring of: contract terms and conditions, service level and quality control agreements, deliverable logistics arrangements, payables and receivables, and hundreds of other operational activities that define business working relationships. Competitive advantage will be defined by the extent to which these business functions are exposed and automated. Those that do will not only benefit from improved efficiencies but from the ability to scale at an unprecedented rate. This is why Web Services are so exciting; the conceptual application potential and economic value that will ensue is nothing less than extraordinary.

The way to approach Web Services technology right now is to recognize that although the “public” run-time protocol infrastructure to support secure, orchestrated and reliable processes based on Web Services is not yet in place, the infrastructure of a BPM platform provides these deployment and execution capabilities presently within a design-time framework. The design-time configuration requirements should not be considered a liability in any respect for the following reasons:

· Any process, whether it is executed in a private or public (run-time) context must be designed first. A BPM platform provides this capability and the facility to generate the run-time script of the process, whether in a proprietary XML format presently or in a standards based schema when available. Because of the strong similarities of the various Business Process Language dialects, and the fact that they are all built using XML Schema, the migration from one dialect to another will not be a problem.

· The security protocols that are being developed for Web Services do not introduce any new encryption or authentication protocols. They primarily address handshake protocols that allow computers to negotiate at run-time which existing authentication and encryption protocols to use in a Web Services interaction. This is analogous to the way modems establish a communication session.  A cross-platform messaging exchange can be encrypted and authenticated today by specifying at design time the mutually supported, standards-based protocols for these functions.

· The current business agenda for building or integrating processes is to satisfy operational efficiencies internally or with trusted business partners where existing practices and relationships are already in place. In this context run-time handshaking capabilities (which are not yet in place) provide no immediate value, whereas the facilities of a BPM platform to document and re-engineer existing processes or design and implement new ones are of substantial value. 

The ultimate intent of the evolving framework architecture of Web Services is to assume many of the functions that are provided by BPM platforms today. A computer will be able to go to a URL and execute a multi-step process based on the orchestration instructions found there in much the same way that today a web browser can automatically engage in an encrypted SSL exchange of information based on the standard SSL instructions provided by a web server page. This will happen shortly. However, as seen from the analysis of BPM functionality presented here orchestration capabilities only partially address the requirements for conducting real-world business interactions. BPM platforms will continue to evolve to meet on-going needs that will certainly arise, adding new capabilities for highly complex interactions. Expect to see features such as the visualization of complex distributed processes executing in real-time or the automatic creation and assembly of distributed processes based on a statement of business rules and requirements using Wizards and forms. 

Hopefully, any hesitation to investigate and apply BPM technology today due to the perceived immaturity of Web Services has been dispelled by the information presented here. The present capabilities of BPM platforms utilizing XML encoded documents, SOAP messaging and WSDL exposed applications are sufficiently robust today to address real-world applications and will provide a significant return on investment commensurate with the efforts devoted towards their adoption.

