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ABSTRACT
This paper describes an evaluation of process modelling where

the same distributed conference organizing process was modelled
in three different process centred environments (PCEs) - Endeav-
ors, ProcessWeb, and our own CAGIS PCE. Endeavors is an
activity based, flexible workflow system, ProcessWeb is a role-
based workflow system with a web-interface, whereas the CAGIS
PCE combines an activity based workflow system with a software
agent system. The goal of the evaluation was to investigate if
a combination of a traditional workflow system and a software
agent system is more suitable for modelling, changing and con-
figuring distributed cooperative processes than stand-alone work-
flow systems. As far as we know, there exist no similar studies for
process centred environments.

Keywords: Workflow, Computer Supported Cooperative
Work (CSCW), Software Agents, Comparison, Evaluation,
and Software Engineering.

1 INTRODUCTION
Over the last 15 years, there has been a strong research

interest in improving software process support resulting in
various process centred environments (PCEs). However,
there are very few studies of actual usage of these environ-
ments. The lack of studies on the practical benefits of such
environments has driven many companies to use informal
in-house process modelling languages (PMLs) to describe
their processes in text or by using general-purpose draw-
ing tools. There is a substantial need for validating process
centred environments, to see if they can improve software
engineering processes in projects.

Real validation of PCEs is hard to conduct. This paper
describes a small study of how suited three different PCEs
are in modelling and configuring and managing changes of
a process. In this paper, process modelling means the ac-
tivity of describing a process as activities, roles, artefacts,
and relationships using a graphical or textual process mod-
elling language. Configuring a process model is the activ-
ity of making a process model executable (instantiating the
process model). The suitability of the PCEs is measured by
measuring process model coverage and how much effort
spent on modelling and changing the process. Our work
does not include analysis or measurement of enactment of
the process, but the process models have been run in all
three environments to ensure that they are executable.

Originally we wanted a realistic cooperative software en-
gineering example from the software industry to evaluate

our CAGIS 1 PCE. We first tried to search in the research
literature and among international colleagues for such ref-
erence example, but we could not find any. Our second at-
tempt was to contact companies to try to find a cooperative
software engineering example we could use. In the end, we
had to admit that it was impossible to find a real example
that was described in sufficient detail. The chosen example
is a well-known conference organizing process. This sce-
nario has previously been described and analysed ([5, 1]),
and contain both individual activities and more dynamic,
cooperative activities.

2 EXPERIMENT DEFINITION
The evaluation described in this paper uses the asser-

tion validation methods according to Zelkowitz and Wal-
lace classification of validation methods [10]. Assertion is
an ad-hoc, observational validation method where devel-
opers execute their own experiment to see if one proposed
technology is better than other alternatives. A problem by
using this validation method is that to that the result can
have limited external validity. This problem is further dis-
cussed in section 7.

2.1 EXPERIMENTAL PROCESS
The process of the experiment started by selecting the

goals to achieve and the process example to be used. Then
the process example was analysed and modelled and con-
figured (also includes modelling of process changes) in the
three PCEs. During the modelling and configuration, the
effort and completeness of models were measured. The
empirical data (quantitative research) was then used as a
starting point for qualitative discussions.

2.2 GOAL AND RESEARCH QUESTIONS
The goal of our experiment was to compare three differ-

ent PCEs to evaluate their suitability to model, change and
configure the same conference organizing process. More
precisely, we wanted to address the following research
questions:

Is a combination of a traditional workflow system and a software
agent system better than a stand-alone workflow system to:

Q1 Model and configure processes, containing both dynamic co-
operative activities, as well as structured, individual activities?

Q2 Adapt to process changes in both these activities?

1CAGIS is a Norwegian research project and is an abbreviation for
Cooperative Agents in Global Information Space



2.3 CONTEXT OF THE EXPERIMENT
The evaluation was run by Alf Inge Wang at the Dept.

of Computer and Information Science, at the Norwegian
University of Science and Technology (NTNU) in Trond-
heim, Norway. Mark Greenwood, in Informatics Process
Group at the University of Manchester modelled the co-
operative activities in ProcessWeb, and Professor Richard
N. Taylor, Dept. of Information and Computer Science at
the University of California Irvine, suggested a solution to
model cooperative activities in Endeavors.

The experiment was run at NTNU . This means that the
result of the experiment is not automatically valid in a real
setting, but the result should give an indication of what to
expect. The experiment addresses a real problem, i.e., how
to give sufficient process support to both structured, indi-
vidual activities as well as cooperative dynamic activities.
The full description of the experiment can be found in [7].

2.4 RESEARCH QUESTION EVALUATION
The evaluation of the two research questions listed above

will be answered in a combination of quantitative and qual-
itative methods. By quantitative means that, Q1 will be
measured by looking at how much of (coverage) the con-
ference organizing process is modelled and configured by
the process model in each PCE. The coverage will be mea-
sured in number of activities that can be modelled and en-
acted. The scale 0-5 will be used to express how much of
an activity is modelled. If every aspect of an activity can
be modelled it will be weighted by 5 and 0 if none. The
conference process consists of 25 activities, and the per-
centage coverage of the total model will be measured by:
(score /25 x 5) * 100%. In addition, the effort spent on cre-
ating process models in the three process environments will
be measured (in person hour or days).

Further Q2 will be measured by measuring adaptability.
Adaptability is measured, by assessing the effort spent on
implementing a specific process change. A scale 1-5 will
be used to indicate how much effort has been used. The
value 5 indicates Very little effort (5 minutes or less), while
1 indicates Very strong effort (5 hours or more).

The empirical data collected in this experiment is a bit
limited since only one scenario is modelled. Qualitative
discussions will therefore be used to supplement the dis-
cussions.

3 THREE PROCESS CENTRED ENVI-
RONMENTS

This section describes the three process centred environ-
ments Endeavors, ProcessWeb and CAGIS PCE, we used
in the evaluation. Endeavors and ProcessWeb were selected
because they are very flexible activity-based and role-based
workflow tools respectively.

3.1 ENDEAVORS
Endeavors is an open, distributed, extensible process ex-

ecution environment developed at University of California
Irvine, and has been licensed by Endeavors Technology

Incorporated. It is designed to improve coordination and
managerial control of development teams by allowing flex-
ible definition, modelling, and execution of typical work-
flow applications. There are five main characteristics for
Endeavors: Distribution, integration, incremental adoption,
customisation and reuse, and dynamic change.

The Process Modelling Language (PML) used in En-
deavors is a graphical object-oriented language, based on
the Teamware process modelling language [9], and consists
of five major modelling categories [3]: Activity, artefact,
resource, network and arc. Each of these categories has
their own set of messages, definition of fields, and default
handlers, but each definition can be dynamically extended,
altered, assigned, removed, or re-specified.

Processes can be modelled in Endeavors using the graph-
ical Network Artist tool enabling the user to draw processes
using a palette of activities and control-flow mechanisms.
If the standard available activities are not sufficient, user-
defined activity types can be created. When an activity
is activated, a handler is executed. A handler is a pro-
gram using Endeavors API to communicate with the sys-
tem. Handlers can be used to wrap commercial tools, or
the user can create his/her own tools (questionnaire, simple
user-interfaces etc.). Handlers can be implemented using
one of the supported programming languages Java, Python,
Ada95, or Tcl.

3.2 PROCESSWEB
ProcessWeb [8] is a web-interface based workflow sys-

tem based on the ProcessWise[6] Integrator (produced by
ICL) implemented by Information Process Group, Univer-
sity of Manchester. The web-interface is provided through
the ProcessWise Integrator application interface. Process-
Wise Integrator creates an environment enabling the activ-
ities of people in an enterprise to be coordinated and in-
tegrated with the organization’s computing facilities. A
process management system built using the ProcessWise
Integrator has a client/server structure and consist of four
main components: User Interface, Process Control Man-
ager, Process description in PML, and an Application In-
terface.

ProcessWise Integrator’s PML is also object-oriented,
and uses roles as the main concept for modelling processes.
Objects are called roles, and interactions are used to pro-
vide communication channels between roles. The role con-
cept helps address the complexity of models by provid-
ing a quasi-intuitive structuring of activities (human pro-
cesses are messy and might not be amenable to hierar-
chical approach). A role is defined by its actions (meth-
ods) and its resources (attributes). Preconditions called
’when guards’, are used to select action for enaction, and
they are expressed as if statements. Interactions are uni-
directional, asynchronous typed communication channels
provided through a takeport and a giveport. A takeport re-
ceived data or control flow from another role, and a give-
port sends data or control flow to another role. The giveport
and takeport represents two ends of a single interaction. No



global variables can be defined in the PML.

3.3 CAGIS PCE
The CAGIS PCE consists of three interacting main com-

ponents [7]:

� CAGIS SimpleProcess is a workflow tool with a web-
interface, used to model and guide individual activi-
ties. An activity can typically be presented to the user
as a work description, links to relevant documents or
tools, HTML-forms, and/or Java applets. A process in
CAGIS SimpleProcess can consist of several autonomous
process fragments that can be distributed over several
workspaces. To specify the process model XML or a web-
based process modeller tool can be used. Hierarchical
workspaces are used to model roles in the organization,
and CAGIS SimpleProcess has support for moving pro-
cess fragments between workspaces (roles).

� CAGIS Distributed Intelligent Agent System (DIAS)
provides support for cooperative activities between roles
(workspaces). The software agents in CAGIS DIAS can
be used to coordinate artefacts and resources, negotiate
about artefacts and resources, monitor the working envi-
ronment for changes or events, provide infrastructure for
brainstorming, electronic meetings, trading services etc.
CAGIS DIAS provides the infrastructure for creating co-
operating agents, and consists of four main components:
Agents, agent meeting places (AMPs), workspaces, and
repositories.

� CAGIS GlueServer The CAGIS GlueServer is a mid-
dleware that uses a so-called GlueModel, where relations
between process fragments (CAGIS SimpleProcess) and
software agents (CAGIS DIAS) are defined. The Glue-
Model can be used to define rules for interaction between
roles, and to specify changes of the process model. By us-
ing a separate model to describe the interconnection be-
tween agents and process fragments, it is possible to use
other workflow tools as well as other agent systems. This
makes the CAGIS PCE open-ended to other systems.

The process model in the CAGIS PCE consists of three
parts:

� The CAGIS SimpleProcess PML that describes process
as a activity-network. Each activity is represented by a
web page that has a state and relationships to other activ-
ities.

� The DIAS Agent Language is a high-level agent API
written for Java for modelling cooperative activities.
KQML is used to define how agents should communicate,
and the content of a speech-act (e.g. tell-agent, ask-agent
etc.) is specified in XML. It is possible to implement both
stationary and mobile agents. Examples of agent methods
available are: migrate agent, communicate to other agent,
tell other agent, announce service, request service, etc.

� The Glue Modelling Language uses XML to define the
relationship between a process fragment and a software
agent, and the reactions to take depending on the results
of the agent execution.

4 THE STUDIED EXAMPLE
In this section, we describe the conference organizing

process used as a case for the evaluation. In Olle et al.
[5], a short textual description of the conference organizing
process is presented, and a more detailed description stands
in [1]. We describe the scenario using a simple graphical
notation showing activities and their sequence, and some
additional textual description to clarify the scenario.

The high-level process of the conference organizing pro-
cess consists of seven high-level activities A1-A7. A de-
composition of the conference process, including the high-
level activities, is shown in figure 1. The roles involved in
this process are PC Chair, PC Member (several instances),
and Session Chair (several instances). An assumption for
the scenario is that the conference organizing process is ex-
ecuted distributed without any face-to-face interaction.

In the next subsection (4.1), the main activities of the
process will be described. Section 4.2 describes the nego-
tiation process which is a more detailed description of the
activities A3.2, A.6.2.3 and A6.2.5. Finally, section 4.3 will
describe changes applied to the process described in figure
1.
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Figure 1. Decomposition of the conference process.

4.1 A DESCRIPTION OF THE ACTIVITIES
To get an overview of the process, here is a short review

of the full description of the activities [7]:



A1 Plan and announce conference consists of three sub-
activities that make and distribute call for papers and
manage available person information (mailing-lists etc.).
PC Chair is responsible for this activity.

A2 Record response consists of four sub-activities that
manage responses to the conference (questions, papers,
etc.). PC Chair is responsible for this activity, but sub-
activities can be delegated to other PC Members.

A3 Reviewer selection consists of two cooperative activi-
ties where PC Members can indicate what papers they
want to review by selecting papers from a list. Reviewers
will be selected according to a negotiation process as de-
scribed in section 4.2. All PC Members are responsible
for this activity.

A4 Paper review consist of two sub-activities where allo-
cated reviewers review papers and fill in reviewer reports.
All PC Members are responsible for this activity.

A5 Determine acceptance of papers consists of four sub-
activities where the papers to be accepted are determined.
In cases where the reviews are pointing in different direc-
tions, the involved actors hold cooperative review meet-
ings. PC Chair is responsible for this activity, but PC
Members might be involved.

A6.1 Suggest sessions consists of three sub-activities where
the PC Chair matches papers for topics and make an ini-
tial session plan.

A6.2 Select papers and Plan sessions consists of six sub-
activities where papers are allocated for sessions and
timeslots are allocated for sessions. Note that the paper
allocation and timeslot allocation are cooperative activ-
ities, where Session Chairs select papers and timeslots
from a list, and a negotiation between involved parties
is initiated if there are collisions.

A7 Publish conference program is the last activity where
the PC Chair distribute the final conference program.

4.2 N1: NEGOTIATION PROCESS
If more than three PC members are interested in review-

ing the same paper (see A3.2 in figure 1), or more than one
Session Chair is interested in the same object (a paper in
A6.2.3 or a timeslot in A6.2.5 in figure 1), the following
steps will be used to solve the conflict of selecting objects
for the involved actors:

N1.1 The actor with most objects marked will be forced to
”unmark” the conflicting object.

N1.2 All involved actors will be asked at one at a time to ”un-
mark” the conflicting objects.

N1.3 One or more involved actors will be picked out randomly
to ”unmark” the conflicting object. This time the actor
will be forced to ”unmark” object.

The process will start with N1.1. If N1.1 does not solve the
conflict, N1.2 will be initiated. If still there is a conflict,
N1.3 will be iterated until the conflict is solved.

We have developed the negotiation strategy described
above, and it only shows one approach to solve the con-
flict in a simple and clean way. Other negotiation strategies
could be used, but are not described here.

4.3 PROCESS CHANGES
This section describes the process changes that were

modelled and configured in the three PCEs after the initial
process has been modelled and enacted. Note that these
process changes occur during enactment. The following
process changes should be applied to the scenario:

C1 Change activity sequence. The activities A6.2.4 and
A6.2.5 are exchanged with A6.2.2 and A6.2.3. The new
sequence for A6.2 will then be A6.2.1, A6.2.4, A6.2.5,
A6.2.2, A6.2.3, and A6.2.6 (see figure 1).

C2 Assign activity to another role when one role is not
available. The activity A2: Record response should be
re-assigned to PC Member #1.

C3 Change negotiation strategy in N1. The new negotia-
tion strategy N2, involves three steps:

N2.1 All actors that have selected conflicting objects,
will be asked to ”unselect” these objects at the same
time. The main difference with this step and N1.2
in N1 is that this step is executed in parallel while in
N1 is executed sequentially.

N2.2 For the remaining conflicting objects, a communi-
cation channel is opened between actors that have
selected the same conflicting object. By using this
communication channel (e.g. talk, IRC or similar),
the actors can give arguments for who should ”un-
select” this object. For paper reviewing, expertise
within a certain research field can be used as an ar-
gument.

N2.3 For the remaining conflicting objects, actors will
pick out at random to ”unselect” these object until
the conflict is solved.

C4 Change reviewer selection. In a new version of the ac-
tivity A3, this activity is monitored. If all reviewers are
not allocated within a certain time, PC Chair will make
a list of reviewers without any intervention from the PC
Members.

5 EXPERIMENTAL RESULTS
To make it easier to compare the different PCEs and to

reduce the modelling time, we chose to represent all indi-
vidual activities (opposed to cooperative activities) as web
pages describing what to do including HTML-forms, and
links to relevant tools and documents. All three PCEs ac-
cessed the same HTML-files for presenting the activities to
the users.

5.1 MODELLING IN ENDEAVORS
The modelling in Endeavors consisted of two main parts:

The implementation of the handlers, and the graphical
modelling of the process. A handler is executed when an
activity in Endeavors is executed. We chose to implement



the handlers in Java, since also the Endeavors framework is
implemented in Java. The following activity handlers were
implemented:

H1 Show HTML handler was used to show HTML for in-
dividual web pages. In addition, we used this handler
to provide the cooperative activities Select paper (A3.1),
Check paper for session (A6.2.2), and Check timeslot for
session (A6.2.4). A3.1, A6.2.2 and A6.2.4 accessed a
database through HTML-forms using CGI.

H2 Allocation handler is responsible for detecting conflict-
ing objects for current actor by accessing a database
(Paper-list or Session-schedule) through a CGI. In addi-
tion, this handler will initiate the negotiation process (N1)
as described in section 4.2.

5.2 MODELLING IN PROCESSWEB
In ProcessWeb, the conference organizing process was

modelled in two parts.

The individual activities was modelled as three roles: PC
Chair, PC Member, and Session Chair. Each role has sev-
eral states representing the activities that this particular role
is responsible for. For each state, HTML was used to pro-
vide a user interface representing each activity. The role
changes state when the user clicks on a button in an HTML-
form, notifying ProcessWeb to change state. Interaction
channels were implemented between roles, making it pos-
sible for e.g., notify the PC Member when PC Chair had
finished an activity.

Only the cooperative activities A6.2.4 and A6.2.5 were
implemented in ProcessWeb. The reason for this was, that
the other cooperative activities were similar and did not
give any new challenges. Mark Greenwood carried out
the implementation of the cooperative activities. This was
done to get an expert to implement the more complicated
aspects of the scenario. These activities have been mod-
elled through two roles: SessionChair and TimeTable. In
the SessionChair role, the user can select what timeslots
(s)he is interested in. The TimeTable role is the role re-
sponsible for the allocation of timeslots for different ses-
sions. From the TimeTable role, the allocation process is
initiated, including the negotiation process N1 described in
4.2.

5.3 MODELLING IN CAGIS PCE
In CAGIS PCE, the scenario was modelled using CAGIS

SimpleProcess PML, cooperative agents and the Glue-
Model.

The CAGIS SimpleProcess PML was used to model the
individual activities in the conference organizing scenario.
All activities were described as � �������� � elements in
an XML-document.

The GlueModel was used to model the relationships be-
tween the individual activities (previous paragraph) and the
cooperative agents (next paragraph). The GlueModel con-
tains six process fragment - agent pairs for the activities
A3.1, A3.2, A6.2.2, A6.2.3, A6.2.4, and A6.2.5. For the

selection activities (A3.1, A6.2.2, and A6.2.4), the Glue-
Model specifies that selection agents are used for selecting
papers or timeslots. If the selection agent fails, current ac-
tivity will be re-executed. The GlueModel further specifies
that for the allocation activities (A3.2, A6.2.3, and A6.2.5),
negotiation agents are initiated. If the allocation (of pa-
pers or timeslots) performed by the negotiation agents goes
well, the next activity in SimpleProcess will be executed. If
the negotiation process discovers that the user has to select
more papers or timeslots, an activity for selecting papers or
timeslots will be executed.

Cooperating agents were used in this scenario for select-
ing papers and timeslots, and for allocating the same re-
sources. A selection agent provides the user-interface to
select a paper to review. Depending on the steps N1.1-N1.3
in the negotiation process N1 (see section 4.2), the negotia-
tion agent initiate actions according to this description. Co-
operative agents are a separate research field, and we have
done little on detailing cooperative/negotiation agents, and
providing a rich infrastructure for such agents.

6 EVALUATION OF THE THREE PCES
TO MODEL THE EXAMPLE

In this section we will compare Endeavors, ProcessWeb
and CAGIS PCE.

6.1 COVERAGE OF THE SCENARIO (Q1)
Table 1 shows the measures of model coverage and mod-

elling time for the three PCEs. Note that additional time
was used to create HTML for the individual activities used
in all PCEs, and is not shown in the table.

Modelling Enda. ProcWeb CAGIS

Indv. activities 100 % 100 % 100 %
Coop. activities 80 % 100 % 100 %
Modl. time indv. acti. 6 hours 10 hours 3 hours
Modl. time coop. acti. 10 days 2 days 5 days

Table 1. Coverage and effort of scenario modelled

Our first research question (Q1), was how complete the
three different PCEs could model the conference organiz-
ing scenario. For individual activities, all PCEs could
model all activities completely. For cooperative activities
(A3.1, A3.2, A6.2.2, A6.2.3, A6.2.4, and A6.2.5 2), we had
some problems in modelling the allocation of papers and
timeslots in Endeavors. The problem was how to represent
negotiation process between different roles in an activity-
network. We chose to solve this problem by invoking an
allocation handler for each role at a time. After all roles
had activated their allocation handler, the databases were
checked to see if there were remaining paper or timeslots
conflicts. If there were more conflicts, the same alloca-
tion handlers for all roles involved were executed again.
This loop continued until all conflicts were solved. Figure

2IRC was used to implement the cooperative activity A5.3



2 shows graphical process model of A3: Reviewer selec-
tion, where a loop with A3.2 for all roles involved (here
five) models the allocation process.

Figure 2. Activity A3:Reviewer selection modelled in En-
deavors

The modelling time in table 1 shows that for individual
activities most time was used in ProcessWeb and least in
CAGIS PCE, where Endeavors comes in between. One ex-
planation could be that the modeller was most familiar with
CAGIS PCE. However, modelling the individual activities
in Endeavors and ProcessWeb was very straightforward,
and we were not delayed by any time-consuming problems.
The difference in modelling time can be explained as fol-
lows:

� ProcessWeb: The PML in ProcessWeb is close to a tex-
tual object-oriented programming language. This means
that the modeller needs to “program” the process as roles
with different states representing the activities the role is
responsible for. In addition, the modeller has implement
the infrastructure for interaction between roles, assign-
ment of roles, and role configuration.

� Endeavors: More time was spent on modelling in En-
deavors compared to CAGIS PCE, because in Endeavors
we had to implement an activity handler that initiated an
HTML-document in a Web-browser. If we don’t consider
the time spent on implementing the activity handler, En-
deavors was more efficient for modelling the individual
activities than CAGIS PCE.

According to table 1, ProcessWeb is the most efficient PCE
for modelling cooperative activities. The reason is that the
PML used in ProcessWeb is designed to efficiently imple-
ment role interaction. CAGIS PCE used an agent-API to
implement the cooperative activities. The current version
of our CAGIS agent-API is too low-level for efficient co-
operative activity modelling. It should also be noted, that
the user interface used in the CAGIS PCE was more ad-
vanced compared to simple web-interface in ProcessWeb.
In Endeavors, the cooperative activities were implemented
in Java from scratch, making this the least efficient ap-
proach. Richard N. Taylor at UCI3 has suggested (through
email correspondence) to use globally visible blackboard

3University of California, Irvine

for papers and timeslots in Endeavors, accessed by various
roles. This was not implemented because the documenta-
tion for implementing such blackboards was not available.

6.2 PROCESS CHANGE ADAPTABILITY (Q2)
This subsection describes how easily the three PCE can

adapt to the process changes described in section 4.3. In
all three PCEs, the process model can be changed during
enactment. In Endeavors, the process model can graphi-
cally be manipulated during enactment, and activity han-
dlers can dynamically be changed as well. In ProcessWeb,
a process change is provided by extracting data and state
from a current role, a new role definition replaces the cur-
rent role, and the extracted data and state is restored in the
new role definition. The CAGIS PCE, the activity network
can be changed by moving process fragments to another
workspace or another place in the workspace.

Table 2 shows the effort to implement the process
changes C1-C4 in the three PCEs scaled 1-5:

Process change Endea. ProcWeb CAGIS

C1. Change act. seq. 5 (2min) 3 (30min) 5 (2min)
C2. Assign act. to role 5 (2min) 2 (2h) 5 (2min)
C3. Change neg. strategy 1 (5h) 3 (30min) 5 (2min)
C4. Change reviewer sel. 1 (5h) 3 (30min) 5 (2min)

Table 2. PCE adaptability to process model changes

Here are comments on results for each process change (C1-
C4) shown in table 2:

C1 Change the activity sequence:
In Endeavors, to do this process change, we simply had
to remove two control flow arcs and add two new ones.
In ProcessWeb this particular process change depends
on how the activities are represented in the roles. If
the activities are represented as states in the role, some
if-sentences must be changes to change the activity se-
quence. The changed role definition must in addition be
compiled into the system, and the role must be modi-
fied to get the new behaviour. In CAGIS PCE, to change
an activity sequence, we simply moved the activities (the
process fragment) to the wanted place in the activity net-
work.

C2 Assign an activity to another role:
In Endeavors, editing the AssignedTo attribute for an ac-
tivity through the Endeavors graphical user interface can
change role assignment. In ProcessWeb, assigning an ac-
tivity to another role is more complicated, because the
role is the unit of change. First, the PML code describ-
ing the activity must be transferred from one role to an-
other. Second, the PML code for both roles (source and
target roles) must be changed to cope with the removal
of activity in the source role and adding the activity in
the target role. Third, PML code for both roles must be
compiled, and both roles must be modified to their new



behaviour. This problem can be avoided by modelling all
activities as separate roles. In CAGIS PCE, hierarchical
workspaces are used to represent roles. To re-assign an
activity to another role, this activity is simply moved to
another workspace.

C3 Change negotiation strategy:
We have not in detail considered the effort of implement-
ing the new negotiation strategy, but rather how to inte-
grate an already implemented negotiation strategy into the
process. In Endeavors, it is rather hard to implement the
N2 negotiation strategy (described in section 4.3) because
it requires communication across different roles, which
is hard to model in an activity network. ProcessWeb is
probably the best environment for implementing the N2
negotiation strategy. Yet, to incorporate this strategy with
existing roles can be hard. N2 demands extensive changes
of role definitions and interaction channels between roles.
If this process change had been known in advance, the
process model could incorporate a meta-process to han-
dle such changes. Here, a process architecture is used
to provide support for a generic change making migration
easier. Essentially making one change is hard, but with an
explicit meta-process the cost could be spread over many
changes over the lifetime of a system. In CAGIS PCE, it
is very easy to change negotiation strategy by editing the
GlueModel for the process fragments involving negotia-
tion agents. Implementing N2 in the agent system is prob-
ably more time consuming than using ProcessWeb, but it
is really easy to change negotiation strategy if a matching
implementation (cooperative pattern) is already available.

C4 Change reviewer selection:
This process change demands that the activity A3: Re-
viewer selection is monitored. If three reviewers are not
allocated to all papers within a certain time, the PC Chair
will do the selection of reviewers himself. In Endeavors
this process change can be implemented by adding time-
out functionality for the activity handlers in A3. When the
timeout event occur, a control activity will route the work-
flow to PC Chair to do the reviewer selection her/himself.
This process change demands a lot of changes in both the
activity handlers and the activity network. In ProcessWeb
this process change is easier to implement, but will any-
how demand some effort. The role assigned originally
for A3 (PC Member) need to have a timeout function for
selecting and allocating reviewer to papers. When this
timeout function is triggered, a message is sent to the PC
Chair role that (s)he must do the reviewer to paper allo-
cation. This means that the PC Chair and the PC Mem-
ber role definitions must be changed, and the communi-
cation channel between them must be (re-)configured. In
CAGIS PCE, the GlueModel can be used to implement
this process change. A monitor agent will monitor the re-
viewer allocation agent. If they are not finished within
a certain time, the monitor agent will notify the Glue-
Server. The GlueServer will then initiate an execution of
a Reviewer selection process fragment for PC Chair. The
definition of the Reviewer selection process fragment for

PC Chair must be defined. Since monitor agents are a part
of the CAGIS DIAS, changes must be made in the Glue-
Model, and an additional process fragment for reviewer
selection for PC Chair must be defined.

7 DISCUSSION
Looking back on the research questions in section 2.2,

we can from the results in the two above sections say
that a combination of a traditional workflow system and a
software agent system is better compared to a stand-alone
workflow system to model and enact cooperative processes
and adapt to process changes. Some objections can how-
ever be raised to this statement:

O1 The chosen conference scenario is non-
representative. The reason for selecting the conference
organizing scenario was in order to use a scenario
that was already described in the literature (external
validity). One important question is whether the scenario
is representative for cooperative software engineering
processes. To answer this question, we have to look at
how the conference scenario has been modelled. We
have distinguished between individual and cooperative
activities. Individual activities are activities where one
role is assigned for performing this activity. In cooper-
ative activities, several roles are involved in performing
the activity. We believe that as long as other scenarios
are modelled by distinguishing between individual and
cooperate activities, the evaluation result will be valid.
If another approach is used to model the process, the
evaluation results are not necessary valid.

O2 The selection of process changes is biased. We have
tried to pick out process changes that are likely to occur
in the conference scenario. It is possible that our selection
is too limited, and more changes should be considered.
Other process changes could have indicated a more nu-
anced score for the three PCEs. However, we believe that
the selected process changes represent a wide spectrum
of possible changes making the result believable.

O3 More experience with your own environment. A
problem with our experiment is that the modeller is more
experienced with our own environment than others. This
means that the modelling time can be unreliable. To ad-
dress this problem, we spent about one week to exercise
process modelling in Endeavors and about one month
with modelling processes in ProcessWeb. The reason
more time was spent on ProcessWeb, was that the au-
thor had used ProcessWeb for modelling before the ex-
periment was planned. During the experiment, we had no
time-consuming problems when modelling the individual
activities in Endeavors and ProcessWeb. For cooperative
activities a modelling expert in ProcessWeb was used, but
not for Endeavors. This means that the modelling time for
cooperative activities in Endeavors is likely to be less if
an expert had been used. However, since modelling in-
teraction between roles in Endeavors is not a part of the



PML, it is likely that the evaluation result will point in the
same direction.

O4 Statistically invalid data. Using only one target pro-
cess (conference scenario) we cannot statistically vali-
date our two research questions. For a statistically valid
experiment, data should be collected from several sce-
narios modelled in the three PCEs. The collected data
has only been used as an indication of the evaluation re-
sult, and qualitative discussions have enlighten the results
from data collection.

It should be noted that Endeavors and ProcessWeb are
much more mature environments compared to CAGIS
PCE, and they offer richer semantics for expressing the
process. In CAGIS PCE, we have used agents to provide
the functionality that we lose through having only a simple
workflow model. Since the agent-API is still to low-level,
more advanced workflow can be time consuming to imple-
ment in CAGIS PCE.

8 RELATED WORK
As far as we know, there exist no similar evaluations

of PCEs as the one described in this paper. In 1990, the
“ISPW-6 software process example” [4] was developed as a
standard software engineering scenario for modelling soft-
ware processes. This process example was used as a bench-
mark to show that PCEs e.g., Merlin, EPOS, ICL Process-
wise Integrator, and Valmont, could model and execute the
given process. The ISPW-6 example was later extended to
incorporate team-work and process change (ISPW-7). The
main problem with the ISPW-6 and 7 process examples are
that they reflect very general software processes. Even if
ISPW-6 and 7 have been modelled in many PCEs, there are
no papers describe an evaluation of different PCEs mod-
elling the same process example in regards to modelling
completeness and modelling efficiency. In [2], a survey is
presented where thirteen PMLs are classified according to
characteristics like process elements and support for differ-
ent meta-process phases. This survey does not include any
actual modelling using the different PMLs.

9 CONCLUSION
This evaluation was mainly performed by the author. For

similar future evaluations, we would like to avoid this ap-
proach to ensure the validity of the results. One approach
could be to use students that are not familiar with any of
the PCEs, give them a proper introduction to the PCEs (the
same amount), and let them model some processes. By us-
ing this approach, we would be able to collect more data,
and could make some statistical analysis. A problem would
be to find and pick descriptions of neutral scenarios that not
favour one of the PCEs. Another approach would be to use
experts on each PCE to model processes. A problem with
this approach is to deal with interpretations of the scenar-
ios. Also if the experiment was not controlled, it could be
possible to fake the measurements. We can anyhow con-
clude that carrying out such experiments are very hard and
time-consuming.

The main contribution of our work is the CAGIS Glue-
Server, facilitating couplings between activity-based work-
flow and software agents. With regards to modelling effi-
ciently, ProcessWeb was the best environment for cooper-
ative activities. When the activity handlers had been im-
plemented in Endeavors, Endeavors was most efficient for
modelling individual activities. Future work should there-
fore investigate how a combination of Endeavors, Process-
Web and CAGIS GlueServer would work as a federation
of workflow systems. This combination features solid and
rich modelling support for both individual and cooperative
activities, where the CAGIS GlueServer serves as a middle-
ware. Further, the GlueServer can be used to combine more
than two workflow systems, allowing loosely coupled, au-
tonomous organizations to choose their own workflow tool.
In this way, the CAGIS PCE provides cooperative support
for a heterogeneous environment.
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