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randall.perrey @brunel .ac.uk mark.lycett@brunel .ac.uk

Abstract

The paper outlines the significance of the workflow paradigm in the context of engineering business processes.
It reviews the standardisation efforts in the field and considers related XML technologies with respect to their
relevance to messaging in workflow. The requirements of a range of stereotypical workflow situations are
examined along with broad technological approaches to implementation. A case study is then used to illustrate
the 'reality’ of standards implementation in the commercial products of Independent Software Vendors. This
is followed by suggestions for critical application of some all-purpose XML technologies under these
circumstances. Broadly the findings are twofold. Firstly the workflow consortia standards are rooted in
applied design but subsequent, more widely applicable standards are likely to 'outgun' them. Secondly the
standards effort in workflow is driven by the large software vendors in the field at the behest of large customers
while smaller, independent vendors see them as additional overheads and restrictive.

Introduction

Business processes are concerned with the commitments, contracts, bargains and promises that people and organizations make,
and the consequent actions that ought to happen to accomplish them. These actions include the coordination of personnel,
information and material resources (Medina-Mora, Winograd et a. 1992). In general however, real world processes are messy
andthereforedifficult tomodel faithfully. Consequently traditional approachesto businessprocessmanagement are best regarded
as 'anetwork in which a number of roles collaborate and interact to achieve a business goal' (Ould 1995).

Workflow technology is appropriate when configuring an information system in line with the business process approach. One
result of the engineering and re-engineering of business processes isthe promotion of coordination asacritical principleinthe
study of workflow within organisations (Winograd and Flores 1987). To workflow orient a business process involves (a)
integrating people and technology in a formally constructed task and resource dependency structure and (b) managing a
dynamically configurable instance of this each time the processisrun. Thesetwo pointsrelate to what it isto do workflow but
not how. Coordination based workflow systems provide aframework within which the emphasisisnot on optimising any given
flow but on supporting the completion of a human process. Coordination based workflow approaches are used to facilitate
Enterprise Application Integration, Enterprise Resource Planning and Business Process Re-engineering.

Workflow technology has grown from disparate roots and consequently there has historically been little consistency or
interoperability between products. Coordination based workflow approaches demand that workflow enginesinter-operate with
awiderangeof system applicationsand flexibly facilitate human user interaction. Tobecommercially competitivethey will need
to successfully operate in a distributed environment which includes mainframe and client-server, alongside other workflow
engines, controlling some software tools and interfacing with others. They must be ableto scale gracefully and cope with many
usersviaavariety of disparate media

To achieve interoperability necessitates standards and the workflow community has responded with industry consortia such as

the Workflow Management Coalition (WfMC) and Workflow And Reengineering International Association (WARIA) who
identify and clarify common issues and manage development of standards where feasible.

2001 — Seventh Americas Conference on Information Systems 629



Electronic Commerce

Theremainder of thispaper isstructured asfollows. Thepaper looksat the standardisation effortsin the workflow arenaand their
rationale. Itintroducesthe Workflow Reference Model, itspurpose and main deliverables. SomeeXtensible Mark-up Language
(XML) technologies are summarised on their applicability to the workflow arena. The case study introduces an independent
software vendor (ISV). Some stereotypical workflow scenarios are examined with respect to their requirements and broad
technological approaches to implementation are suggested. The actual approach that the ISV took initseffortsto XML enable
its product is detailed along with suggestions for alternative approaches.

Standardising Workflow Technology
A workflow management system can provide support in three functional areas:

* Modelling theworkflow processat build time. Thisisclosely aligned with business process modelling. Most productswill
allow some form of simulation of the proposed process. There has been no standardisation agreement regarding modelling
methods or simulation techniques although both are forms of CASE model and there are wider standards relating to model
transfer between CASE tools.

*  Managing the sequencing and routing during runtime. Thisinvolvesrunning many individual instances of aprocess. This
istheinternal mechanism of the engine and regarded as akey differentiator of products.. There is no appetite for standards
inthis area

* Interacting with users and resources during runtim. Thisisto do with interoperation and interface definition so most of the
standards efforts have been directed here.

WMC Workflow Reference Model

In January 1995 the WfM C devised the Workflow Reference Model (Hollingsworth 1995), in an attempt to establish acommon
architecture for workflow technology. It consistsof aframework identifying characteristics, terminology and componentsfrom
which separate working groups have been set up to develop detailed specifications. Hollingsworth says of the reference model
that it “describes a common model for the construction of workflow systems and identifies how it may be related to various
alternative implementation approaches.” (Hollingsworth 1995). Thereference model identifies general interfacesthat might be
standardised.

The working groups set
up to address each of Specifications for process

these interfaces have all definition data and its interchange
produced detailed
specifications. In some
cases the working
groups have worked
with partnersto produce
bindings in some
technology. The OMG
binding for the Client
Application
Programming Interface
and Workflow
Interoperability have
been combined and
extended to include al
runtime interactions and
create one Workflow
Management Facility

IDL  specification Figure 1. WFMC Workflow Reference Model Interfaces
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XML and Related Technologies

Each of the interfaces of the reference model can be addressed using XML and related technologies. There are a number of
advantagesintheapplication of XML. Firstly, itispossibleto separate the messaging protocol from the communication medium
thus lifting any proprietary restrictions or limitations on the environment within which the product can work. Secondly, XML
iseasily transformed from one syntax to another making it aflexible protocol for interactionsin environments with heterogeneous
dataprescriptions. Thirdly, XML isopen and thereareaready many partiesthat are actively engaged in providing transportation,
interpretation and transformation mechanisms for almost every conceivable situation. Fourthly, the extensible nature of XML
offers some protection agai nst obsol escence as messaging protocol s can be defined in schemathat are referenced in each message
making XML a self describing protocol. Developing a layered technology architecture on top of an extensible and smple
messaging format provides robustness, simplicity, reusability and interoperability. With all these advantagesand morethereare
many competing and complimentary technol ogies being devel oped.

Within the workflow community the Simple Workflow Access Protocol (SWAP) was proposed as a binding of the JointFlow
specification toan HTTP - XML based protocol building on the WebDAV extensionsto HTTP (Hayes, Peyrovian et a. 2000).
Thisprotocol subsequently evolvedinto Wf-XML whichisan application specification designed to definehow the XML language
is used to communicate workflow-related processes and data between different workflow applications. The WfMC abstract
specification defines 'what’ needs to pass between workflows, Wf-XML specifies 'how’ to use the XML language to make it
happen (Rogowski and Rossi 2000). Wf-XML requires a highly structured XML message to support the protocol which does
not addressthe data syntax, leaving thisto aseparate, appropriate domain dataschema. Divorcing thetransport mechanism from
themessaging protocol removesthefunctional issuesof eachinteroperation scenario (connectivity, security etc.) into aseparately
negotiated interoperability contract. One issue generated by thisisthat it inhibits the extensibility benefits of using XML and
negates the possibility of self-describing messaging interpreted on thefly. For most scenariosthisisunlikely to be aproblem but
allowing for the provision of referenced schematain the messagesrel ating to both the Wf-X ML and the datasyntax schemawould
reintroduce the possibility.

The Simple Object Access Protocol* (SOAP) isthe latest and most well supported evolution of XML-RPC messaging sinceit is
incorporated into Microsoft's Biztalk technology. SOAP can be used over different transport protocolssuch asHTTP, SMTP or
[10P. Itsmessaging methodology allowsfor itsuseasaresponse/request remote procedure call (asdefined by the Open Group's”
Distributed Computing Environment (DCE) specification), or one way message passing, for example into aqueuing system for
batch style processing. SOAP hasthe payload XML message in an envelope and al the variations and capabilities that apply to
standard XML apply to it.

The World Wide Web Consortium (W3C) has established aworking group to study the area of remote procedure using XML,
called XML Protocol. Amongst other factorsthisfollowsthe submissions of SOAP for consideration. This marksamajor step
for the W3C towards developing XML technologies which allow software peers to communicate in a distributed environment.

The initial focus of the XML Protocol Working Group is to develop a framework for XML-based messaging systems, which
includes specifying a message envel ope format and amethod for data serialization, directed mainly, but not exclusively, to RPC
applications.® The developmentswithin the XML protocol working group are almost certainly going to be of significanceto the
WfMC and most likely will impact on the development of future releases of Wf-XML.

Case Study

The casestudy wasof an Independent Software Vendor (1SV) making itsfirst development attemptsusing XML. Thecompany’s
investment capital was mainly in one workflow product. The product is component based which enables it to be embedded in
other vendor’ s software products to provide them with workflow capahility.

YURL: http://mww.w3.0rg/ TR/2000/NOT E-SOA P-20000508 (01/09/2000).
2URL: http://www.opengroup.org/onlinepubs/009629399 (01/09/2000).
3URL: http://www.w3.0rg/2000/xp (15/09/2000).
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applications distributed
over an Extranet or
possibly the Internet.

Background

TheProduct isbuilt according to the Component Object Model (COM) and itsnetwork extension, Distributed Component Object
Model (DCOM). Vendorsthat wishto embed the product in their ownwill need to accommodateitsCOM heritage. Thedecision
wasmade to upgrade the exi sting product and maintai n the existing code, which represented such aninvestment of timeand effort
and waswell tried and tested. Thevendor wanted to leveragethe COM interfacesit already had so the devel opment work centred
around wrapping the existing engine in XML to COM trandation code. The vendor assumed the use of eXtensible Styling
Language Tranglation engine (XSLT) to turn any other data format into the appropriate XML syntax for their wrapper code.

Each parameter of the COM interface needed acorresponding XML element defining parameter constrai nts such asdatatypeand
similarly since each method had anumber of parameters it al'so needed its own schema defining the tag set and their allowable
structure. The generic COM to XML tranglation class was written to accept the set of parameters it was given from either
incoming or outgoing messages and translates each element while internally maintaining the structure of the overall message.
The engine component interface was known and immutabl e thus all owing afixed conversion mechanism for outgoing messages
and avoiding the need to reference a schema. This was a deliberate constraint placed on the design after tests indicated that
outgoing messages were comparatively large and validating them would considerably reduce performance. Incoming XML
however could not be assumed to be compatible so the trand ation engine was written to validate the incoming message against
a schema to check for correct structure and establish the element types before applying the appropriate conversion to the
associated COM parameters for the method call.
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Use of XML in Thin Client Environment

The Vendor chose not to
use XML as a way of
remote messaging across rorv—
i ‘Workflow nterne
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erver
with the web server in

Client Machine
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Pages)
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such a way that a coM Internal Protocol over the
Dynamic HTML page is [Braneator Internet

Component

created for consumption
ontheclientbrowser. The
existing workflow engine
with its generic wrapper
trand ates the native COM
cals into XML. Loca
applications are still
addressed using COM
cals. The XML passes
over the internal network Figure 4. Actual Use Of XML in Thin Client

between the workflow

engineand theweb server,

which must beMicrosoft’ sInternet Information Server (11S). Theperceived ultimate processisthat the XML ispushed out across
thelnternet to XML enabled browsers accompanied by stylesheets. For thetimebeing thisarrangementisnotinuse. Thecurrent
system isthat theweb server transformsthe XML into DHTML and sendsthisover the Internet and the clientsinteract from their
web browsers using Active Server Pages (.asp). The Active Server Pages contain scripts that alert the web server when events
happen on the client browser, such as the client clicking a button. The use of ASP takes advantage of the in-built firewall
negotiating capability and scripting alert mechanisms. The browser event aertsaretranslated on the web server into XML with
the appropriate syntax deduced from the schema and passed back over the internal network to the wrapper code and from there
into native COM callsfor the engine. Thisisillustrated by figure 4.

Customer’s Internal Systems

Human user interacts
with Workflow

product using only a
web browser

Workflow engine controls other
computers, software and human
resources in the Customer’s
internal systems using DCOM.

Other systems could use this to
access the Internet but processing
requirements are high. Needs
firewall security protection.

N—

Incoming XML messagesarecurrently formedinto atreehierarchy using the Document Object Model (DOM) and validated using
aschema. Theschemanot only allowsthe DOM to check that the messageiscorrectly structured but al so specifiesthe datatypes
and constraints thus giving the translation engine the information it needsto convert to aCOM method call. Inorder to validate
against a schema the appropriate schema must be referenced in the message.

Internet clientsinteract using DHTML generated by the 1S server and therefore cannot be expected to reference the schema of
the call they are making. The client DHTML istranslated to XML by the |1S server which must select and add the appropriate
schema reference to the XML document. The schemata are located on the 11S server and the path to the schemais stored in the
registry of the workflow engine machine so that the trandlation engine can find them. The conversion of outgoing XML to
DHTML ishard coded into the Active Server Page along with the necessary code for the construction of the workflow interface
and the interaction mechanism. Additional translations incur a substantial performance hit and some considerable effort was
invested in accelerating this process. Using XML throughout would remove the need for such trandations but the vendor
undertook market research at atime when Internet client browsers could not deal directly with XML Modern Internet client
browsers can utilise eXtensible Style Sheetsto interact directly in XML and eXtensible Style Sheet Trandation to convert from
one form of XML to another eg. Wf-XML. An enabled browser could provide an interface that allow usersto link to other
resourcesin the enterprise (also XML enabled) so that having been aerted to the task at hand by the workflow engine, they have
immediate access to the resources to carry it out. An added benefit of developing in XML would be to remove object model
dependency and so utilise the devel opment potential of more than one platform vendor.

Mechanism for Invoking Applications

The vendor does not use XML technology to directly invoke applications remotely. The current mechanismisto distribute the
workflow engine over machinesin each site using DCOM and invoke applications using the locally available engine.
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The formation of the Site 1 Site 2
incoming XML into a
tree structure in
memory using the Application Workflow Workflow Application to

Document Object to be Engine Engine be Invoked
Model (DOM) is a Invoked (Distributed istributed
processing and DCOM over Extranet .

memory heavy
mechanism for
translating into a
COM call, especidly
given the potentially
high volumes of
incoming messages.
The DOM is a
mechanism designed to allow manipulation of the tree structure but this is a facility that is rarely needed when applications
communicate. Using an event driven parser model would be significantly faster. It could be primed with the trigger of reading
the tags for each parameter and ‘fire off’ the events of passing the data held within on to the translation section of the engine.
The Simple API for XML (SAX) isjust such aparser. Onething that the DOM does do but SAX doesnot currently doishandle
datatype trandations. For instance, Boolean datatypes, which differ in XML and C++, would need to be addressed by an
additional mechanism, perhaps within the transl ation wrapper code.

DCOM configuration
notoriously difficult
over Firewall

Application most
likely invoked with
coM

Local network could
run XML and/or other

protocol

Figure 5. Actual Mechanism for Invoking an Application

The current mechanism is conceived with extensibility in mind, to accommodate future changes in XML technology. The
assumption isthat the devel opment work isthefirst step on the road to being more fully XML enabled. Thedecision to stay with
the proprietary technology but XML enable it is not only unnecessary but counterproductive. The most significant design
limitation is performance and it is the efforts to maintain extensibility in the legacy mechanism that limitsit. Using afixed
vocabulary XML would remove extensibility and collaboration opportunities but would be faster to process. If the workflow
engine only hasto interpret XML generated automatically in the correct syntax then the COM - XML trand ation speed can be
increased. Thereisno necessity to validate against aschemaif each tag isused uniquely, in aoneto one, tag to component way,
and each element has an obvious and predetermined type. An element set that is predefined and not referenced isusing XML as
just another network protocol. Itisalimited way to use XML but it has advantages. A fixed syntax would make it possible to
invoke applications using the XML over the Internet through an equivalent transl ation wrapper running on a remote machine.
It would facilitate remote monitoring and auditing as necessary.

Conclusions

Thisindependent softwarevendor hasinfactinvestedlittlein development coststowards XML enabling their product and predicts
that the customer base currently using the design will account for the return on thisinvestment. In asensethen this development
work has been disposable. For thefuture alternative solutions should be sought that addressthe problemswith greater el egance.
If additional development work is undertaken along the current lines the result may well become alegacy system.

The standards that were obviously needed to unite and stabilisethe workflow industry arewell advanced and thereis some cross-
pollination with standards efforts in complementary fields. For independent software vendors however, the business case for
developing standards into working prototypes is far from clear. Most are not in a position to incorporate into their schedules
development of non - commercial implementationsjust toreflect new approaches. Suchblue-sky research and thefundsnecessary
to resourcesiit, is still the preserve of the major software players.

If theindependent software vendor had considered the long term view it might have built next generation workflow components
with Wf-XML asthe native messaging protocol. Thiswould maximisetheflexibility for deployment purposeswhile minimising
the performance hit when issuing and receiving messages by saving on transformation. The specific problems and obstacles
outlined inthe casestudy areillustrative of the competing business demands of short term goalsverseslong term aims. Thestudy
highlights the strategy of concentrating on utilising technology to improve existing products for immediate sale. The latest
workflow standards and approaches are not perceived asthedriversfor current businesssituation. Ignoring the direction that the
market istaking however, islikely tolead to obsolescenceinthelongterm. Anintermediate approach should be sought that offers
the opportunity to derive short-term commercia benefit while facilitating longer term redevelopment in line with the evolving
workflow standards.
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