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Abstract. Enterprise modeling is a daunting task to be carried out from a single
perspective. A challenge to this whole complexity is conflicting descriptions
given by different actors when business processes are documented. Often
enterprise modeling takes rounds of iterations and clarification before the
models are verified and validated. In order to expedite the modeling process and
validity of the models, in this paper we propose an approach called
collaborative, participative, and interactive modeling (CPI Modeling). The main
objective of the CPI approach is to furnish an extended participation of actors
that have valuable insight into the enterprise operations and business processes.
Achieving this goal with any modeling method and language could be quite
challenging. For CPI Modeling to succeed the modeling method should adhere
to certain qualities. Next to the CPI Modeling approach, this paper discusses an
enterprise modeling method that is simple, and yet powerful to capture intricate
enterprise processes and simulate them.

Keywords: CPI Modeling, Collaborative modeling, Interactive modeling, Par-
ticipative modeling, Business process modeling, Business process simulation,
Enterprise modeling, Enterprise simulation, DEMO methodology, Language-
action perspective, Petri net.

1 Introduction

Enterprise modeling is a daunting task and usually error-prone process. The problem
is not the maturity of the modelers and analysts involved, but the complex socio-
technical nature of an enterprise. In particular, enterprise modeling in its broader
context encompasses business processes, human and organizational issues, technical
aspects such as information systems and enabling IT applications. The enterprise
modeling challenge could be best seen in the definition given in [14], which is defined
as “computational representation of the structure, activities, processes, information,
resources, people, behavior, goals and constraints of business, government, or other
enterprise”. Basically, this definition alone suffices to persuade the reader that a
traditional way of enterprise modeling will not yield too much success if non-
innovative approaches and methods deployed.

A traditional approach towards enterprise modeling, especially enterprise processes
modeling is to delegate the work to analysts and modelers who will be normally
visiting the enterprise under study, read the existing documentation, conduct a series
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of interviews, after which enterprise models are developed by the modelers alone.
Only several back and forth visitation and refinements will allow for a more complete
model of the enterprise to emerge. This approach has a number of problems. As the
interaction of the analysts with the enterprise employees become more and more
often, the enterprise becomes more reluctant and less interested to allocate their most
needed human resources to be involved in the project, which will be seen as waste of
time. This is the reason that many enterprises will consider the modeling part as
hindering the IS development project. In turn, modelers, not having sufficient rounds
of iteration, will end up with a model that is either incomplete, or there are many
assumptions that are intuitively made by the molders. As a result, the model may
contain a lot of flaws. These flaws remain quite undetected as majority of enterprise
process modeling is not based on formal semantics to check the models and simulate
their dynamic behavior.

A comprehensive enterprise modeling requires that the models have to capture
three phenomena such as enterprise processes, enterprise business rules, and
enterprise information, which should be integrated in the corresponding information
system deliverable [23]. Thus, it is very important that enterprise models are accurate
and complete as flawed models will result in inadequate final systems, especially that
system developers may rely on the models for developing an actual system as many
of these complex systems are already driven by models — model-driven system
development.

Traditional approaches of enterprise modeling, where modelers and analysts are the
players and the rest (process owners, mangers, stakeholders, experts) are either
passive participants or even absent from the scene, are least likely to result in accurate
models. Firstly, the modern enterprise business processes are too complex to be
understood, captured and documented by modelers and analysts alone. Secondly,
because the resultant models should be approved by all stakeholders and decision
makers, and only then the models can be implemented.

In order to address theses challenges in enterprise modeling, innovative approaches
have been discussed and introduced such as participative enterprise modeling [22,
27]. A central goal of enterprise modeling is to discover domain knowledge and
document the enterprise existing business processes. The role of participative
modeling is to represent this knowledge in a coherent and comprehensive model,
create shared understanding, consolidate different stakeholder views, and in order to
do so an extended participation of stakeholders is crucial [25].

From the foregoing, it becomes obvious that participative enterprise modeling is
rather a necessity than a choice. However, two other things that need to be considered
for a successful participation are collaboration and interaction. We refer to this
approach as collaborative, participative, and interactive modeling (CPI Modeling). It
is imperative that each of the three notions is given explicit attention, which we will
do in the following section.

2 Collaborative-Participative-Interactive Enterprise Modeling

In this section we will explain why the emphasis of this work is specifically on
‘collaboration’, ‘participation’, and ‘interaction’ as three constituents of success for
complete, accurate, acceptable, and expedited enterprise modeling.
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2.1 Collaboration

- Collaboration has been proven to result in a fast and accurate model development
when modeling of complex phenomenon of socio-technical nature is involved. But
collaboration itself is a subject of engineering approach, where explicit scenarios and
guidelines are required to be designed for facilitating collaboration.

- Collaboration also requires guidance and orchestration by an experienced
facilitator. Facilitators with modeling experience and basic domain knowledge are
more successful to lead the participants.

- Even a more extended collaboration of interdisciplinary nature (analysts,
consultants, IT professional, social researchers) would be required to cope with
complex design objects and propose innovative solutions.

- Finally, collaboration requires that modelers (with knowledge of modeling
language and techniques) and analysts (with expertise in analysis and modeling) are
collaborating to design accurate models.

2.2 Participation

- Often, the goal of enterprise is to document the operations and business
processes, and create shared understanding of what and how an enterprise is
operating. This shared understanding, which is achieved through a complete picture of
the enterprise business processes, would be difficult without participation of key
employees of units involved by implication.

- Often, also enterprise models convey different accounts of business processes
from different unit’s perspectives. Numerous iterations of enterprise modeling are
required to build an accurate model, which makes the process tedious, extensive and
costly. Consolidation of different accounts and expedition of enterprise modeling are
another challenge that is hard to cope with, unless the modeling involves participation
of process owners.

- Often, the ultimate deliverables of enterprise modeling are changes in the current
practice, organizational restructuring, or investment in new technology. It will be hard
to achieve these ultimate goals without an extended participation and approval of
stakeholders.

- Finally, verification and validation of complex models have always been
challenging. Presence of the process owners and business units managers and their
participation in the modeling will result in immediate verification and validation of
the models, especially when simulation methods are deployed in the process, which
demonstrate enactment of the models.

2.3 Interaction

- Innovative tools and technologies are needed to furnish interaction of modelers,
analysts, and participants of enterprise modeling. While technologies such as large
interactive smart boards (including the one that can be shared remotely) are creating
interactive environment, these are specific tools that furnish the success.

- Tools should be intuitive, easy to follow, and powerful to capture complex
interactions.
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- Static models are no longer sufficient to create the shared understanding that
complex enterprise process models should accomplish. Tools that simulate the
processes allow to capture dynamic behavior of the constructed models, observe the
effects of changes, and manipulate the models.

These three aspects constitute the so called CPI Modeling approach, where each
aspect is a dimension: the collaboration aspect represent the Experts (analysts)
dimension; the participation aspect represents the Users (stakeholders) dimension;
and the interaction aspect represents the Technology (tools) dimension. However,
these constituents comprise only the approach we adapted for enterprise modeling.
The next challenge is the method, language, and notations used for enterprise
modeling. The question is can we use UML and IDEF with the same level of success?
Is there any advantage of using EPC over UML? Or none of these methodologies are
suitable to support the CPI Modeling approach that requires interactive modeling with
different participants onboard (from mature business analysts and professional
molders to employees that have no technical or modeling background). In the
following section, we briefly discuss why some enterprise modeling methodologies
may not be suitable.

3 The Modeling Method Consideration

Depending on specific situations and contexts, enterprise analysts can develop a
prototype of the envisioned system, and study their behavior [4]; the analyst can
develop mathematical models [3, 15] and abstractions of systems and study them by
calculating output parameters of the models; they can draw static pictures using
diagrams and then study the diagrams such as IDEF [16, 21], UML [7, 17, 26], EPC
[11], Petri Nets [2], etc. Each of these approaches presents certain benefits and, of
course, certain limitations and drawbacks. However, diagrammatic representation of
models represents enormous interests and practical value as it poses least cognitive
load and great communication capability [18, 19]. In selecting a diagrammatic
method, it is important that the chosen approach (method and tool) adequately fits the
problem situation. It is extremely important for the system’s ultimate success to
ensure the quality of the modeling methods and tools [6].

As discussed in [20], there are certain quality attributes that a modeling method
should adhere to such as syntactic, semantic, and pragmatic qualities. Syntactic
qualities require rules and grammar that drive modeling and prevent construction
errors. In pragmatic qualities, strong emphasis is put on executability of models, their
visualization, simulation and animation. Adding to these qualities, in fact, CPI
modeling implies participation of non-modelers and non-analysts, therefore ease of
use, natural compliance with the way the organization conducts its operations, and
intuitiveness require a huge extent of model simplicity. Model simplicity means that
the modeling method should be easy and simple for understanding and construction,
and yet powerful to capture the complexity of underlying situation.

For example, UML is difficult to learn, it is complex, and there seem to be too
many diagrams [24]. For that reason, not all of the UML diagrams are used by
analysts [10]. Therefore, to use UML as a modeling language in CPI approach will
pose certain challenges. Moreover, an enterprise is a social environment where human
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actors naturally interact while requesting actions or committing themselves to certain
actions. Therefore capturing these social characteristics will definitely surface the
requirements for an enterprise modeling method.

Simulation of models in a CPI environment will add a lot of value for sharing
understanding. Therefore, the modeling language should lend to simulation and allow
to check the models consistency and completeness. We propose that Petri net
possesses balanced properties (expressivity, intuitiveness, formal semantics) to serve
the purpose. Most of the conventional models are checked and analyzed via
translation to other formal diagrams using mapping procedures. For instance, UML
activity diagrams are often translated to Petri nets for checking [12, 13]. Another
widely accepted method, investigated in [8], is Event-driven Process Chain (EPC).
The authors propose a 5-step guideline to translate EPC models to Petri net models in
order to investigate whether the process is correctly described in EPC. The analysis
showed that ambiguities of EPC models will result in faulty Petri net executions.
Finally, IDEF diagrams are also semi-formal diagrams that present little pragmatic
value in collaborative and participative modeling environment, where simulation of
the models is very important.

As for the modeling notations that compete with Petri net, e.g. BPMN, EPCs, Role-
Activity-Diagrams, IDEF, UML, RIVA etc., Petri net is known for rigorous
semantics, logics and formalism, and also is widespread among researchers,
practitioners and a variety of academic disciplines. In addition, Petri net is supported
by a large number of tools for its analysis. In [1], author identifies three main reasons
why Petri net possesses advantageous features: formal semantics despite the
comprehensive graphical representation; state-based representation instead of event-
based; abundance of analysis techniques. Process modeling techniques ranging from
informal techniques (e.g., dataflow diagrams) to formal ones (e.g., process algebra)
are event-based, while Petri net approach allows state-based modeling.

The enterprise modeling method we propose is based on the DEMO transaction
concept (developed for social systems) and Petri net graphical notations lending to
simulation.

4 DEMO Transaction

In this section we first briefly discuss the DEMO transaction’s original diagram and
concept, and then we introduce a diagram, which is based on Petri net semantics. We
use Petri net graphical notations to allow the resulting model to be simulated.

4.1 Original Notations

This section is based on the original works conducted in the framework of DEMO
methodology. The results of more than a decade development of this methodology are
summarized in [9]. DEMO is an acronym for Design and Engineering Methodology
for Organizations (see www.demo.nl for more information).

According to the DEMO theory, social actors in organization perform two kinds of
acts: production act (P-acts, for short) and coordination acts (C-acts, for short). By
engaging in P-acts, the actors bring about new results or facts, e.g., they deliver
service or produce goods. Examples of P-acts are: register a student into new course;
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issue a ticket for a show; make a payment. By engaging in C-acts, the actors enter into
communication, negotiation, or commitment towards each other. Examples of C-acts
are: making a request for new course; presenting an issued ticket to the customer. The
generic pattern in which the two kinds of actions (P-acts and C-acts) occur is called
transaction, see Figure 1. In fact, a transaction is steps of C-act->P-act->C-act that
correspondingly result in C-fact (e.g., commitment to register a student) and P-fact
(e.g., do register a student).

A transaction is carried out in three phases: the Order phase (O-phase, for short),
the Execution phase (E-phase, for short) and the Result phase (R-phase, for short).
These three phases involve two actor roles. The actor role that initiates a transaction is
called initiator. The actor role that carries out a production act is called executor.

initiator executor

g I:lC-act
g % OC-fact
g . I:IP-act
Q

u ‘ O P-fact
MO e
: s

Fig. 1. Basic Transaction Concept (adapted from Dietz 2006)

In the following sub-section we introduce and discuss the extensions we made to
the DEMO transaction diagram based on Petri net. In the terminologies used, we
return to earlier terms used for P-acts and C-acts, i.e., instead of P-act, we refer to it as
action, and C-act as interaction.

4.2 Extended Notations

A business transaction is a pattern of action and interaction. An action is the core of a
business transaction and represents an activity that brings about a new result. An
interaction is a communicative act involving two actor roles to coordinate or
negotiate a particular action.

Each business transaction is carried out in three distinct phases (see Figure 2a):

- Order phase (0O), during which an actor makes a ‘request’ for a service or good
towards another actor. This phase represents a number of communicative acts or
interactions. This phase ends with a commitment (‘promise’) made by the second
actor, who will deliver the requested service or good.

- Execution phase (E), during which the second actor fulfills its commitment, i.e.,
‘produce’ the service or good. This phase represents a productive act.
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- Result phase (R), during which the second actor does ‘present’ the first actor with
the service or good prepared. This phase also represents a number of communicative
acts or interactions. This phase ends with the ‘accept’ of the service or good by the first
actor.

These phases are abbreviated as O, E and R correspondingly (see Figure 2b). The
figure illustrates a business transaction in detailed generic form and simple OER
form. Note that the order (O) and result (R) phases are interactions and the execution
(E) phase is an action.

Initiator [ Executor
@-Request] O
Order phase
g Initiator Executor
Execution|phase
; @—poH
@uce
Result phase ~
° O
- O—{ R4
a) b)

Fig. 2. Business transaction: a) a generic form, b) an OER form

In a structured language, a transaction is described according to Table 1, where a
transaction is portrayed through the activity pattern it represents (e.g., placing an

order), its initiator (e.g., customer), executor (e.g., supplier), and the result it delivers
(e.g., a new order is created).

Table 1. Transaction description in a structured language

Transaction: | Atomic process (e.g., placing an order)
Initiator Name of the role that initiates the transaction (e.g., customer)
Executor Name of the role that executes the transaction (e.qg., supplier)
Result The result created as the transaction is carried out (e.g., a new order is created)

Now that we have discussed the CPI Modeling approach and the modeling method
supporting it, we introduce a case study where we tested both the approach and the
modeling method. However, we have to skip a whole set of notations and modeling
constructs we have developed that can be used as building block or components in
enterprise modeling. The interested reader is referred to [5] for more reading on
modeling notations and constructs developed based on the DEMO transaction concept
and Petri net graphical semantics.

5 Case Study: DutchPlast BV Enterprise

This case study was conducted on DutchPlast BV, a plastic production company,
located in Westland-Area, The Netherlands. The company recently launched an



658 J. Barjis

initiative to review its business processes and improve the current processes with
reducing delays, and developing new information systems that will support the
redesigned business processes.

5.1 CPI Enterprise Modeling

In the CPI Modeling approach we applied for conducting enterprise modeling of
DutchPlast, we pretty much followed the recommendations for participative modeling
suggested in [25]. However, we put strong emphasis on interactive modeling, tools
and technology. We organized a half day session with the following participants:

- DutchPlast — technical director and order and procurement director — business
process owners with high expertise and authority about the enterprise operations.

- Enterprise modeling expert — an author of enterprise modeling methodology

- Modelers — expert modelers.

- Facilitator — a professional collaboration facilitator with PhD and expertise in
using interactive smart-boards

- Observers — a group of observers to document the session.

- Graduate students — a group of graduate students who are graduated from an
enterprise modeling course.

The modeling session was conducted on a large interactive smart-board allowing
use of electronic color pens on a touch-screen. The modeling covered the whole
enterprise business processes.

The end of the session feedback and discussion allowed to learn about the
importance of simple and intuitive modeling notations. What was the most important
feedback received is that the participants would prefer a simulation model over static
diagrammatic models, although we have not conducted the simulation part in the
session. The processes that we modeled are described in the following sub-section.

5.2 The Customer Order Process

It should be noted that the description presented in this section is significantly reduced
for this paper. Accordingly, the number of transactions and the enterprise processes
model are also reduced.

A customer wants DutchPlast to produce a product. He can send an e-mail or fax
with a short description of the desired product to a salesperson. The customer can
also contact the salesperson directly by telephone. The salesperson needs to have as
much information (colour, measurements, etc.) as needed about the product. The
salesperson uses this information in a calculation program to estimate the costs. Also
the delivery time is estimated based on the planning in the information system. A
salesman creates an offer with the costs and delivery date. The offer is sent to the
customer. The customer may decline the offer or accept.

The order can either be a standard product or a customized product. A standard
product is easy to produce as information for production is already available. A
customized product requires designing and work preparation. For customized
products, the technical designer sketches the product based on the information in the
order. If the product cannot be designed because information is missing or incorrect
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Table 2. DutchPlast business transactions

T1:
Initiator

Executor
T2:

Initiator

Executor
T3:

Initiator

Executor
T4:

Initiator
Executor
T5:
Initiator
Executor
T6:
Initiator

Executor
T7:

Initiator

Executor
T8:

Initiator

Executor
T9:

Initiator

Executor
T10:

Initiator

Executor
T11:

Initiator

Executor
Ti2:

Initiator

Executor
T13:

Initiator

Executor
T14:

Initiator

Executor
T15:

Initiator

Executor
T16:

Initiator

Executor
T17:

Initiator

Executor
T18:

Initiator
Executor

Making an offer
Customer

Salesman

Placing an order
Customer

Salesman

Produce the product
Salesman

Product producer
Check the product quality
Salesman

Production manager
Internal transportation
Salesman

Internal transporter
External transportation
Salesman

External transporter

Pay external transportation
External transporter
Salesman

Pay the order

Salesman

Customer

Report to collection agency
Salesman

Collection agency
Recurring stock control
Stock controller

Stock controller
Restocking

Salesman

Supplier

Pay for restocking
Supplier

Salesman

Production preparation
Salesman

Production manager
Create technical drawing
Production manager
Technical drawer
Customer approval
Salesman

Customer

Production planning
Salesman

Production planner
Order required materials
Salesman

Supplier

Pay for the materials
Supplier

Salesman

659
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in the order, he contacts the customer to supply the needed information. Also new
materials will need to be ordered if a customized product requires it.

A standard product is produced using an open mould technique. After preparing
everything for production the product is ready to be assembled. The producer will
assemble the product.

When a product has been produced, it's checked by the production manager for
quality purpose. Only then transportation of the product is arranged. When the
delivery is within the Westland-area, the transportation is being done by the internal
transportation department of DutchPlast. Otherwise, it will be outsourced to an
external transport company. In that case, DutchPlast also has to pay the external
transport company.

On a monthly basis, the financial administrator checks for unpaid bills. He will
then contact the client or contact a collection agency to handle the debtor.

In the following section, based on the above description, we try to identify business
transactions according to the DEMO transaction concept.

5.3 DutchPlast Business Transactions

The business transactions contained in Table 2 were identified in a collaborative
manner with participation of experts, business process owners and business analysts
using the description of business process of the previous section.

This list of transactions served as an input for the enterprise model construction. A
complete model of the DutchPlast enterprise was developed in an interactive manner.
Since the model itself is not in the scope of this paper, we did not include the model
into this paper, however, through the list of business transactions included in the table
and the related actors (units) we want to convey the whole complexity that an
enterprise model may present. The purpose for this case study was to apply the CPI
Modeling approach and reflect on the experience. Some conclusions are drawn in the
following section where we discuss the CPI Modeling experience.

6 Conclusions

In this paper we have discussed the CPI Modeling approach and its importance for
enterprise modeling, especially enterprise business processes. We also discussed that
CPI approach can be only useful if it is supported by a suitable enterprise modeling
method and language that is simple, and yet powerful.

As the DutchPlast case study revealed, an enterprise process model can be very
complex. Although we omitted almost half of the case, still the processes are complex
enough to be captured without collaboration of business modelers, analysts, facilitator
and participation of process owners and managers. The CPI modeling approach not
only helps with the production of enterprise models and expedites the modeling
process, but it allows validation and verification of the model almost immediately. To
this end, both the participation and presence of the business owners and simulation of
the model can help (in the DutchPlast case we skipped simulation due to time
limitation).
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Application of suitable methodology is crucial to communicate among the
participants. A method that consists of a moderate number of elements, intuitive
notations, and closely resembles the natural way of working in an enterprise has
significant advantage as the participants do not have modeling background. A small
set of elements reduces cognitive load of the participants not familiar with the
modeling method. The modeling method should fit into the social sitting of an
enterprise, which is a social system by virtue.

The discussed case study is a starting point for more extended research. The CPI
Modeling approach opens up an opportunity for many potential directions, into which
the CPI modeling approach can be developed. First of all, we intend to create a rich
simulation environment around this approach and method allowing simulation of
enterprise processes with animative features including building a library of
customized entities. This will create a more realistic replica of the enterprise under
study. Another interesting research topic would be to develop scenario based
guidelines that will allow practitioners to apply CPI approach without extensive
involvement of a facilitator. One more interesting observation that also leads to some
research was that the participants did not fully collaborate at the beginning of the CPI
Modeling session. This means that fro a full collaboration of the participants certain
procedures and measures should be developed.

Acknowledgements. It is a pleasure to thank several people who participated in the
session: first of all, the author of the DEMO Methodology for his participation in the
session as an expert; the DutchPlast senior employees (commercial director, technical
director); the facilitator of the session; colleagues and graduate students who helped
with observing the session.
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