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Abstract

This paper presents experiences we had from build-
ing a workflow tool from scratch using XML tech-
nology. We will present some strengths found using
XML-technology, but also some weaknesses. Al-
though we had to create a simple process modelling
language for this workflow tool, the focus of this
paper is on experiences on using XML technology
to build workflow tools. The experiences we have
achieved, should be applicable for all kindsfor pro-
cess modelling languages. The paper consists of
three main parts. First, the requirements for the
workflow tool is outlined. Then XML technology
is explained with some simple examples. The last
part of the paper describes experiences we achieved
from the experiment and the conclusions we drew
from this.
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1 Introduction

Spring 1998, the Department of Computer and In-
formation Science at the Norwegian University of
Science and Technology (NTNU) was asked by a
project called Renaissance, to create a simple work-
flow tool to demonstrate the Renaissance process.
The Renaissance project was a partialy founded
project by the European Commission under the
Framework Initiative (ESPRIT 22010). The main
objective of the Renaissance project was to develop
a systematic method to support the re-engineering
of legacy systems. Among the results of the Renais-
sance project was the Renai ssance method described
in the Renaissance method book [3]. This book
describes a step-by-step process for re-engineering
legacy systemsin an informal graphical processlan-
guage. Our assignment wasto create asimple graph-
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ical web-based workflow tool that made it possible
to go through the whole process in an interactive
manner.

Our research interest for this assignment was not
to create yet another Process Modelling Language
(PML), but rather to see what technology to use to
build a ssimple workflow tool over a short period
of time and with scarce resources. The PML we
chose, represents a process as a activity network in-
terconnected with artifacts. Activities are activated
through pre-conditions constrained by the states of
their input artifacts. Although this papers will out-
line how the PML is represented in XML, the focus
of this paper is on experience using XML to build a
workflow tool (not the PML itself).

Therest of this paper is organised asfollowing. Sec-
tion 2 outlines the requirements for the workflow
tool we built. Section 3 explains what XML is and
give some simple examplesof how touse XML. Sec-
tion 4 describes the experiment of creating a work-
flow tool using XML. Section 5 presents the experi-
ences we have achieved from using XML as abasis
of aworkflow tool. Section 6 concludesthis paper.

2 The
model

Renaissance  process

This section will outline the process model elements
found in the Renaissance method description (the
Renai ssance process model) and how these elements
are inter-connected. The description of the Renais-
sance model gave us the requirements for building
the workflow tool and put constraints on what el-
ements we should include. One problem with this
description was that the process was described in an
in-formal way. This caused that we had to add some
elementsto the PML to makethe process executable.



2.1 Thebasic process model elements

The Renaissance process model focuseson activities
and documents needed or produced by the activities.
In addition roles are used to assign persons to spe-
cific tasks. The following basic constructs were a
part of the model:

e Activity An activity is decomposable, and con-
sists of sub-activities or sub-tasks. An activity
is described by a name,description, inputs and
outputs. The pre- and post-condition of an ac-
tivity is depending on sub-activities/tasks as de-
scribed in section 2.3.

e Task A Task is an atomic unit, and cannot
be decomposed. A task is also described
by a name, description, inputs, outputs, pre-
conditions and post-conditions. In addition a
task description contains a list of roles respon-
sible for the task. A task can be executed in
paralel aswell asin a sequential manner. Both
for activities and tasks, the state of the inputs
decides when to execute.

e Input/Output Inputs and Outputs refers to
documents or collections of document that are
involved in the process, and have a name as
well as astate.

¢ Roles Roles define a generalised description of
someone responsible for a task (e.g., project
leader, secretary etc).

e User A user is a named human resource that
can play several rolesin aprocess.

2.2 Relationsbetween processmodel el-
ements

Asindicated in previous section, activities and tasks
have relationships to inputs and outputs (docu-
ments). In addition activities and tasks can be re-
lated in four different ways as illustrated in figure 1
and described below:

1. Consist of relation describes the relation be-
tween an activity and its children (the children
can both be activities and tasks).

2. Sequential activity flow relation describes
that two activities/tasks are executed sequen-
tialy.

3. Concurrent activities relation describes that
two or more activities/tasks are executed in par-
alel.

4. Concurrent iterative activities relation de-
scribes that two activities/tasks are executed in
aloop until a specified condition is fulfilled.
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Figure 1: Relation types between activities/tasks

Since the Renaissance process did not have any
conditional process flows (e.g., IF conditionl=true
THEN do activityl EL SE do activity2), conditional
flow is not apart of the PML.

2.3 Process state representation

The description above outlines the PML to be used
to implement aworkflow tool to support the Renais-
sance process. More detailed information for how to
make this process representati on executable was not
available from the Renaissance project documenta-
tion. We had to decide how to represent process
states and find the mechanisms to make the pro-
cess model executable. We choose to use a state
database to cope with the dynamic aspects of the
process model. The state database was divided into
three parts:

1. Activity data Keeps the state information
about each activity and task in the process
model. Whenever a pre-condition (input) or
post-condition (output) is fulfilled, the activ-
ity/task state may change. An activity/task
can have four states, Not ready (0), Ready (1),
Started (2), and Finished (3).

2. Condition data Keeps the state information
about each condition (pre- or post-conditions).
A condition state changes whenever a user has
changed the state of a document (read a docu-
ment, produced a document, coded a document
etc). A condition can have three states as Not
finished (0), Iterating (1), and Finished (2).

3. Concurrent data Keepstrack of concurrent ac-
tivities/tasks (both concurrent and concurrent
iterative activities/tasks. Two states are allowed



for concurrent state: Concurrent (0) and Not
concurrent (1).

A more detailed description of the modelling lan-
guage and the state database can be found in [8].

3 eXtensible Markup Language
(XML)

XML is very similar to Hyper Text Markup Lan-
guage (HTML) in many ways, which is the most
popular Web markup language today. HTML has
revolutionised the Web, by making it possible for
everyoneto create hyper-link related document con-
sisting of text, tables, sound and graphics. HTML is
very well suited for creating web-pages, but it lacks
the capability for specialisation. HTML formats how
the web-page data will look like, rather than what
that data represents. HTML is has aso only prede-
fined commands (tags), and it can therefore not be
tailored for specific needs.

XML is more flexible, because you can define your
own markup elements. This meansthat XML makes
it possibleto tailor the XML documentsfor different
needs, and makes it possible to use XML to repre-
sent all kind of datafor different purposes. The rest
of this section will explain what XML is and how to
useit.

31 WhatisXML?

Extensible Markup Language (XML) is a specialy
design subset of Sandard Generalised Markup Lan-
guage (SGML), originally simplified and targeted at
the WEB. You can use it to format and transfer data
in an easy an consistent way. The syntax of XML
is similar to HTML, further explained in next sub-
section.

3.2 Markup Tags

Tags are used as directives to applications reading
XML-text and are enclosed text strings in angle
brackets for example < T7AG >. In HTML, these
tags are used to tell the web-browser what coloursto
use, the size of font, to include images etc. In XML,
it isup to the application reading the XML -file, what
different tagsmean. A small examplewill show how
it can be used:

<?XM. version = "1.0" ?>

<DOCUNMENT>
<CUSTOVER>
<NAME>
<LASTNAME>Sm t h</ LASTNAVE>
<FI RSTNAME>John</ FI RSTNAVE>
</ NAME>
<PROFESSI ON>St udent </ PROFESSI ON>

<PHONENUMBER>1- 800- 5412</ PHONENUVBER>

</ CUSTOMVER>
<CUSTOVER>

</ CUSTOVER>
</ DOCUMENT>

The first tag shown in the example above is a pro-
cessing instruction that tells the application that this
document is an XML document and uses XML ver-
sion 1.0. Therest of the tagsin the example are tags
that are defined for this example only. The XML-file
above structures the datain adocument consisting of
one or more customers. To create hierarchical struc-
tures, astart tag, like< bOCUMENT >, and an end
tag, like < /DOCUMENT > isused. Start and end
tags are used to put datain context and to group data.
Between a start tag and an end tag you can either put
data or you can put more tags to define amulti-level
hierarchy.

3.3 Document Declar ations

(DTD)

Type

Since there are no restrictions for what tags you can
define and how to structure these tags, it is usable
to define a Document Type Declaration (DTD). The
DTD is not strictly necessary in many XML docu-
ments, but to make sure that a document is written
correctly a DTD is used. An XML processor can
first read aDTD, then uses this DTD to check if the
XML documents follow the structure define in the
DTD. To definea DTD you need to define what tags
arevalid, what order should the tags go in and what
tags can contain other tags. You can say that aDTD
defines the syntax for XML -files and the XML pre-
processor uses this information to find syntax errors
in the XML file. To make it easier to under stand
what aDTD is, we will present the DTD for the ex-
ample presented in section 3.2.

<?XML version = "1.0" ?>
<! DOCTYPE docunent |
<! ELEMENT document (custoner) +>

<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT

cust omer (name, profession,
nane (I astnane,
| ast namre (#PCDATA) >
firstname (#PCDATA) >

phonenunber) >
firstnane)>



<! ELEMENT pr of essi on (#PCDATA) ?>
<! ELEMENT phonenunber (#PCDATA)*>
1>

Aswe can see, the DTD defines what tags are valid,
and how thetags are structured. Notethat the + sym-
bol meansthat the item can be repeated one or more
times, the * symbol means that the item it refers
to can be repeated O or more times, and finally the
symbol ? means that you can have O or 1 element
. The example above shows that one DOCUMENT
can consist of several CUSTOMER items, and that a
CUSTOMER can have several PHONENUMBERS.

3.4 Tool support

Thereare several XML tools available on the market
today. You can download most of them from a Web-
site for free. The functionality these tools provide
varies from syntax checkers to full-fledged XML
parsers that builds up the document structure for ex-
ample as Java data-structures. Most XML parsers
has support for creating unique identifiers within a
XML-file, which makesit easier to refer to elements
in the XML document.

Also web-browsers have support for XML. Cur-
rently, Internet Explorer 4.0 from Microsoft has sup-
port for parsing XML documents and generating
a hierarchically structured tree representation. In
version 5.0 of Internet Explorer and version 5.0 of
Netscape, the support for XML has been expanded.

All the major software companies like IBM, Mi-
crosoft, Sun, Adobe, Netscape, AT& T are devel-
oping XML tools for creating and parsing XML
files. For alist of over fifty XML tool implemen-
tation, take a look at this web-page [9]. To get an
introduction to XML, Steven Holzner's book XML
Complete[5] is recommended.

4 The experiment

Autumn 1998, three 4th grade students at the De-
partment of Computer and Information Science, at
the Norwegian University of Science and Technol-
ogy (NTNU) started to work on aworkflow tool that
can guide a user through the Renaissance process

step-by-step.

4.1 Workflow tool implementation

These three students assign the the Renaissance
workflow project, worked on the prototype for four

months using about 1000 man-hours of work for im-
plementing the system. In this time, they have cre-
ated:

e A graphical workflow tool, that produces a
XML representation of the model [4] as shown
in figure 2. This tool was created as a Java-
applet using standard Java-classes to draw the
graphics and generate XML code.

e A workflow engine, that validates the XML-
file, parses through the XML-document and
read and changes states of the process model.
The workflow engine offers a CGl-interface
and was implemented in Perl. A C++ XML
parser was used to validate and parse through
the XML document. The workflow engine sup-
ports also cyclic loopsin the process [8].

e A web-based graphical workflow client, that
guides the users interactively through the pro-
cess[7]. Thistool wasimplemented as Javaap-
plet communicating with the workflow engine
through a CGl-interface.

Figure 2 shows a screen capture of the graphical
workflow tool we made. It is a screen capture of
two different windows. The main window named
Applet for renMS project is the modelling tool con-
sisting of several buttons and a screen-areato draw
the model (partly covered by another window). To
the right in the screen-area we can see an example
of the Renaissance process represented as five activ-
ities (the boxes). The other window, named XML for
the Renaissance Method is the result of pressing on
the Show XML button and is the process model rep-
resented in XML generated by the tool.

Although the prototype is not very stable and ad-
vanced yet, we were very pleased that we could do
so much in this short period of time and with little
resources.

4.2 The Renaissance process model
represented in XML

We choose to use XML to represent the process
model in our workflow prototype. XML was ini-
tialy chosen, because we wanted to see how well
XML was for this purpose and to get an evaluation
of practical use of XML.

First we would like to present the Document Type
Declaration (DTD) for the description of a task in
XML. The DTD was used to define the grammar for
our PML aswell as making it possible to check syn-
tax and grammar of the process model. Note that the



B [ e e
T4 ¥ 2 4 & &

L - -
[ [ RSSCR Y e — ] o bt
(enerating Proces hodels

| e, dep | i =) i
- = g e r

e e i

Figure 2: Screen capture from the graphical work-
flow tool

ID listed in the DTD listing generates an unique ID
for thewhole XML file.

<?XM. encodi ng=""UTF-8" ' >
<l ELEMENT dat abase (activity|task)*>
<l ELEMENT activity (nane,
(input)*,
(out put)*,
(concurrent) ?,
(description)?)>
<! ELEMENT task (nane,
(pre-condition)+,
(post-condition)+,
(concurrent) ?,
(role)+,
(user)*,
(description)?)>
<! ATTLI ST activity
key | D #REQUI RED
parent | DREF #| MPLI ED>
<! ATTLI ST t ask
key | D #REQUI RED
parent | DREF #REQUI RED>

A similar DTD file was also created for in-
puts/outputs as well as for roles and users. As men-
tioned above the DTD-files was used to check the
grammar and syntax of the XML-files. Another use
isto use the DTD file as input for a graphical pro-
cess modeller tool. What information you can enter

the workflow tool is depended on the definition of
the PML found in the DTD-files. In this way, it is
possible to change the modelling language without
changing the tool.

Now it istime to see how the processis represented
in an XML-file. Below, you can see how an activity
isdescribed in XML.

<dat abase>

<activity key="'A0Q0"’'>

<nanme>Renai ssance net hod</ nane>

<i nput >Current | egacy systenx/input>
<out put >Cper at i onal
<out put >New busi ness goal s</ out put >

<out put >Revi sed busi ness process</out put >

</activity>

</ dat abase>

5 Experiences

In our project of developing a workflow tool us-
ing XML technology, we wanted to see how well
suited XML was for representing process models.
Thelast PSEE we built in our research group, EPOS
[1, 2, 6], we used Prolog syntax to represent the
process model. Actualy, Prolog is not very far
from XML when it comes to representation of in-
formation, but the syntax of XML is simpler for un-
experienced users. We found that the main benefits
from using XML were:

1. XML makes it easier for unexperienced
users to mode their own process models.
This is mainly because XML syntax is similar
to HTML, and that XML is rather readable and
easy to understand.

. XML makes it easier to create workflow
engines, since many XML-parsers are al-
ready available. We found that we could
build a workflow engine in a relatively short
time, because tool support for parsing the XML
and building data-structuresfrom XML -dataal -
ready were available.

. XML makes it easier to make the workflow
tool available on the web. Thisis mainly be-
cause XML-tools are implemented in Java or
many XML-tools are easy to integrate with a
CGl-server. HTML codeis aso easy toinclude
into XML documents.

. XML makes it easier to create graphical
modelling tools. Since Java is an excdl-
lent choice for creating graphical modelling

t arget systenx/ out put >



tools (through good graphical support and user-
interface support), a Java-based XML proces-
sor make the transmission from the Java graph-
ical representation of the model to a XML doc-

ument easy.

5. XML makes it easy to change the process
model language. The DTD makes it possi-
ble to change the language without changing
the whole code for the applications using the
XML document. This is possible, since the
XML-processor will read the DTD first and
then check and build the data-structure for the
XML-document.

Although, we were very pleased using XML to rep-
resent process models, XML has also one mgjor dis-
advantages. We found that it was very hard to rep-
resent dynamic data using XML. The main reason
for this, isthat it can be hard and slow to frequently
update specific parts of the XML-document (often
stored as files in directories). For instance, we did
not use XML to represent the states of the process
(states of tasks and activities etc.). To do this with
XML, we had to read the whole XML-document
into a data structure, change some parts of the data
structure, and translate the data-structure back to an
XML-file. We chose to use small Unix-databases
to represent process state, since these databases re-
quired small overhead to changeits content.

Our experiences with XML indicate that it is suit-
able for storing and representing the static parts of
process models. By static parts, we don’t mean parts
that will never be changed, but partsthat will only be
changed once in awhile. The DTD will define the
syntax of the PML and can be used to check syntax
of the XML files. Template process models can aso
be made by using an amost empty XML -document.
Itisrather simpleto implement toolsthat create tem-
plate process models based on process model in-
stances, by removing specific datafrom a XML doc-
ument. This can be used later on as a starting point
for modelling similar processes.

6 Conclusion

In this paper we have looked at how XML can be
used to make it simpler to create workflow tools.
First we introduced the background for the experi-
ment than founded the requirements for the proto-
type we built. Although our mission was to create a
workflow tool for a specific process using a specific
PML, the approaches we used can be used for other
similar projects.

XML isredly just away of organising data. What
makes XML so useful is that the XML language it-
self isnot fixed and can be tailored to serve different
purposes. It is realy up to the one building the ap-
plication to define what tags to put in and how to or-
ganisethesetags. In addition you can use Document
Type Declarations to define what tags and how tags
must be organised if XML files should be used by an
application. Most XML parsers has built in syntax
and grammar checker, which isavery useful feature
when building a program that uses a textual model
asinput. Another good reason for using XML isthat
XML documents are relatively easy to understand
for software programs as well as for humans. Since
many people are familiar with the syntax of HTML,
XML requires little extra effort to understand. All
lot of tools are available to make the transition be-
tween a XML document and a data-structure as easy
as possible.

Generally, we think that XML technology is a good
help for researchers in general to make it easier to
create prototypes need some kind of model repre-
sentation. At last for our future prototypes, XML
will be used.
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