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Preface

This book contains the proceedings of two long-running events held along with
the CAiISE conferences relating to the areas of enterprise, business-process and
information systems modeling: the 13th International Conference on Business
Process Modeling, Development and Support (BPMDS 2012), the 17th Inter-
national Conference on Exploring Modeling Methods for Systems Analysis and
Design (EMMSAD 2012). EMMSAD 2012 was arranged jointly with the AIS
SIGSAND Europe EuroSymposium 2012. The two working conferences are
introduced below.

BPMDS 2012

BPMDS has been held as a series of workshops devoted to business process
modeling, development and support since 1998. During this period, business
process analysis and design has been recognized as a central issue in the area
of information systems (IS) engineering. The continued interest in these topics
on behalf of the IS community is reflected by the success of the last BPMDS
events and the recent emergence of new conferences and workshops devoted to
the theme. In 2011 BPMDS became a two-day working conference attached to
CAiSE (Conference on Advanced Information Systems Engineering). The basic
principles of the BPMDS series are:

1. BPMDS serves as a meeting place for researchers and practitioners
in the areas of business development and business applications (software)
development.

2. The aim of the event is mainly discussions, rather than presentations.

Each event has a theme that is mandatory for idea papers.

4. Each event’s results are, usually, published in a special issue of an
international journal.

®

The goals, format, and history of BPMDS can be found on the website:
www.bpmds.org

The intention of BPMDS is to solicit papers related to business process mod-
eling, development and support (BPMDS) in general, using quality as a main
selection criterion. As a working conference, we aim to attract papers describ-
ing mature research, but we still give place to industrial reports and visionary
idea papers. To encourage new and emerging challenges and research directions
in the area of business process modeling, development and support, we have a
unique focus theme every year. Papers submitted as idea papers are required to
be of relevance to the focus theme, thus providing a mass of new ideas around
a relatively narrow but emerging research area. Full research papers and expe-
rience reports do not necessarily need to be directly connected to this theme
(they still needed to be explicitly relevant to BPMDS though). The focus theme



VI Preface

for BPMDS 2012 idea papers was “Business Processes and Business Process
Management in the Cloud.” Many enterprises use cloud computing for imple-
menting their business processes. They intend to reduce cost, improve their
agility or concentrate on their core competencies. Important areas of research are
the mapping of business processes to cloud services and the use of cloud-enabled
capabilities for business process design and redesign. Cloud computing also pro-
vides new means for collaboration in business process management. Stakeholders
can thus be integrated more intensively and more frequently. Therefore, one im-
portant research question is, how and to which extent might the cloud influence
the design, the operation and the management of business process lifecycles.
BPMDS 2012 received a number of 48 submissions from 26 countries (Australia,
Austria, Brazil, Cameroon, Colombia, Estonia, France, Germany, Greece, In-
dia, Israel, Italy, Latvia, Lebanon, The Netherlands, Norway, Poland, Portugal,
Spain, Sweden, Switzerland, Tunisia, Turkey, Uganda, USA). The management
of paper submission and reviews was supported by the EasyChair conference
system. Selecting the papers to be accepted was a worthwhile effort. Each paper
received at least three reviews. Eventually, 17 high-quality papers were selected;
among them one experience reports and two idea papers. The accepted papers
cover a wide spectrum of issues related to business process development, mod-
eling, and support.
They are organized under the following section headings:

e Business Process in the Cloud;

Advanced BPM in an Organizational Context;
Similarity, Variations, Configuration;

BPM and Requirements Engineering;

Humans and Business Process Models;

BPM Technologies Using Computational Methods.

We wish to thank all the people who submitted papers to BPMDS 2012 for
having shared their work with us, as well as the members of the BPMDS 2012
Program Committee, who made a remarkable effort reviewing the large number
of submissions. We also thank the organizers of CAiSE 2012 for their help with
the organization of the event, and IFIP WGS.1 for the support.

April 2012 Ilia Bider
Selmin Nurcan

Rainer Schmidt

Pnina Soffer
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EMMSAD 2012/EuroSymposium 2012

The field of information systems analysis and design includes numerous informa-
tion modeling methods and notations (e.g., ER, ORM, UML, Archimate, EPC,
DEMO, DFDs, BPMN) that are typically evolving. Even with some attempts
toward standardization (e.g., UML for object-oriented design), new modeling
methods are constantly being introduced, many of which differ only marginally
from existing approaches. These ongoing changes significantly impact the way
information systems are being analyzed and designed in practice. EMMSAD
focuses on exploring, evaluating, and enhancing current information modeling
methods and methodologies. Though the need for such studies is well recog-
nized, there is a paucity of such research in the literature. The objective of the
conference is to provide a forum for researchers and practitioners interested in
modeling methods in systems analysis and design to meet and exchange research
ideas and results. It also gives the participants an opportunity to present their
research papers and experience reports, and to take part in open discussions.
EMMSAD 2012 was the 17th in a series of events, previously held in Herak-
lion, Barcelona, Pisa, Heidelberg, Stockholm, Interlaken, Toronto, Velden, Riga,
Porto, Luxembourg, Trondheim, Montpellier, Amsterdam, Hammamet and Lon-
don. This year we had 28 papers submitted with authors from 19 countries and
five continents (Australia, Belgium, Brazil, Canada, Germany, Israel, Italy, Lux-
embourg, The Netherlands, New Zealand, Norway, Poland, Portugal, Russia,
Saudi Arabia, Spain, Sweden, UK, USA). After an extensive review process by
a distinguished international Program Committee, with each paper receiving at
least three reviews, we accepted the 13 papers that appear in these proceedings.
Congratulations to the successful authors! Apart from the contribution by paper
authors, the quality of EMMSAD 2012 depended in no small way on the generous
contribution of time and effort by the Program Committee and the additional re-
viewers. Their work is greatly appreciated. We also express our sincere thanks to
the CAISE Organizing Committee. Continuing with our very successful collabo-
ration with IFIP WG 8.1 (https://research.idi.ntnu.no/ifip-wg81/) that started
in 1997, this year’s event was again a joint activity between CAiSE and WG 8.1
and this year also with AIS-SIGSAND (http://sigsand.aisnet.org/). Another co-
organizer this year was the Polish chapter of AIS, European Research Centre for
Information Systems, Enterprise Architecture Network, the ORM Foundation,
and University of Gdansk, Poland.

For more information on the EMMSAD-series, see our website:
www.emmsad.org

The Association for Information Systems (AIS) is undertaking an initiative
toward Systems Analysis and Design (SAND) international development, in-
cluding the EuroSymposium on Systems Analysis and Design. Its objective is
to promote and develop high-quality research on all issues related to SAND. It
provides a forum for SAND researchers and practitioners in Europe and beyond
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to interact, collaborate and develop their field. The EuroSymposia were initiated
by Keng Siau as the SIGSAND — Europe Initiative. Previous EuroSymposia were
held at:

— University of Galway, Ireland — 2006
University of Gdansk, Poland — 2007

— University of Marburg, Germany — 2008
University of Gdansk — 2011

The accepted submissions of EuroSymposium 2007 were published in: A.Bajaj,
S.Wrycza (eds), Systems Analysis and Design for Advanced Modeling Methods:
Best Practices Information Science Reference, IGI Global, Hershey, New York,
2009. After a three-year break, one of the former organizers, the Department
of Business Informatics of the University of Gdansk, decided to re-start the
EuroSymposium as a joint undertaking of two AIS units — SIGSAND and PLAIS.
Therefore, the three organizers of the 4" EuroSymposium on Systems Analysis
and Design were:

— SIGSAND - AIS Special Interest Group on Systems Analysis and Design
— PLAIS — The Polish Chapter of AIS
— The Department of Business Informatics of University of Gdansk, Poland

SIGSAND is one of the most active AIS SIGs with a substantial record of con-
tributions to AIS. It provides services such as the annual North American and
European SAND Symposia, research and teaching tracks at major IS confer-
ences, a listserv and special issues in journals.

The Polish Chapter of the Association for Information Systems (PLAIS)
was established in 2006 as the joint initiative of Claudia Loebbecke, former
President of AIS, and Stanislaw Wrycza, University of Gdansk, Poland. PLAIS
co-organizes international and domestic IS conferences.

The Department of Business Informatics of the University of Gdansk con-
ducts intensive teaching and research activities. Some of its academic manuals
are bestsellers in Poland. The department is also active internationally, organiz-
ing various conferences including the 10" European Conference on Information
Systems (ECIS 2002) and the 7' International Conference on Perspectives in
Business Informatics Research (BIR 2008). The department is a partner of the
European Research Center for Information systems consortium.

April 2012 John Krogstie
Stanislaw Wrycza

Erik Proper

Terry Halpin
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Scalable Business Process Enactment
in Cloud Environments

Rainer Schmidt

Aalen University,
Beethovenstralle 1,
73430 Aalen,
Germany
Rainer.Schmidt@htw-aalen.de

Abstract. Business processes have to be enacted with increasing numbers of in-
stances and under a growing pressure to reduce the cost of process enactment.
Cloud computing provides scalable computing resources as utility at low cost.
Therefore, this paper introduces service systems as new, cloud-based architec-
ture for the scalable and flexible enactment of business processes.

1 Introduction

Business processes have to be enacted in a scalable and flexible manner. The have
to be enacted with increasing numbers of instances and under a growing pressure to
reduce the cost of process enactment. Business processes have to be adapted to
changed requirements, and new business processes have to be implemented in very
short time. Thus, business process management solutions have to be flexible [1].

Cloud computing [2], [3] is able to provide computing services economically and
flexibly. There are economies of scale in three areas [4]: supply-side saving by large
scale datacenters, demand-side aggregation and multi-tenancy efficiency. Cloud com-
puting offers cloud services with very low upfront investments. E.g. a start-up enter-
prise is able to minimize its expenses, by beginning with a low-volume cloud-service
consumption and scale up on a pay-for-use only basis. Cloud services are scalable. It
is possible to increase or decrease their usage according to market requirements with-
out the need to create an infrastructure capable to fulfil the maximum demand.

Due to these advantages, the idea is obvious to use cloud computing for business
process management. First approaches [5][6] in this direction simply map the elements
of a business process management systems [7] to cloud services either as Software as a
Service (SaaS), Platform as a Service (PaaS) or Infrastructure as a Service (IaaS) [2],
[3]. In their core these approaches can be traced back to the workflow reference model
of the workflow management coalition. [8]. A (semi-)formal model of the business
process, using e.g. BPMN [9] is either directly or indirectly executed using an engine.
Often, BPMN is transformed into an executable language such as BPEL [6].

However, to use cloud services is not enough to provide a scalable and flexible
enactment of business processes. Many approaches for business process enactment

I. Bider et al. (Eds.): BPMDS 2012 and EMMSAD 2012, LNBIP 113, pp. 1-5] 2012.
© Springer-Verlag Berlin Heidelberg 2012



2 R. Schmidt

use a centralized engine for interpreting and executing business processes. Such a
centralized engine creates an architectural bottleneck that cannot be circumvented by
using cloud services. All instances have to pass the central engine. In this way, the
load distribution and resource sharing mechanisms in clouds are canceled, as already
analyzed in in [10-12]. Also, a single point of failure is created.

The contribution of this paper is to introduce the first sketch of a scalable process
enactment architecture based on services systems, sets of configured services and
resources provided by a cloud environment.

The paper starts with an analysis of cloud based business process management and
creates a framework for the classification of different approaches. The framework
allows also to compare the properties such as scalability and adaptability. Then a
description and formalization of cloud-environments is given. Using it, the new ap-
proach for scalable process enactment using service systems is described. Related
work is discussed in the following section. Finally, a conclusion and outlook is given.

2 A Framework for Cloud-Based Business Process
Management

The advantages of cloud computing initiated a number of approaches to move busi-
ness process management systems into the cloud. In [5] a first architectural sketch for
cloud-based business process management systems [7] is presented. The basic archi-
tectural elements of a business process management system are associated with the
abstraction layers of cloud-computing. Different cloud delivery models for BPEL-
based business process management systems are analyzed in [6]. In [13] a business
process centric model for Platform-as-a-Service is introduced to support industry-
specific application requirements. This approach is limited to Platform-as-a-Service.

To compare the existing approaches, a framework shall be created. It uses four
architectural layers: business process management, applications, platforms and re-
sources. The top-most layer represents business process management as defined in
[7]. Below is a layer representing application functionality. These applications are
based on (software) platforms. Software platforms are provided using resources de-
scribed in the fourth layer.

Bussiness Processes and
Instances

Entererprise Resurce Planning

Applications oy
Platforms Software-Frameworks
Resources Storage, Virtual Machines

Fig. 1. Service-oriented enterprise architecture
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The most thorough approach is to move business process management completely
into the cloud. This approach is called Business Process Management as a service
(BPMaaS): Business Process Management is provided as one or several services.
There are already examples for BPMaaS. Oryx[14] a modeling platform, is offered as
a cloud-based business process design tool called Signavio [15]. The Google Apps
marketplace [16] offers several BPM solutions.

The usage of cloud computing for business process management is reduced in the
SassS approach. Here, application functionality is provided as a service (SaaS). The
BPM system, however, uses cloud services providing application functionality but is
itself outside of the cloud. An example scenario is a BPM system interacting with
several applications.

The next approach uses platform services (PaaS) to implement applications, which
do not appears as services themselves. The application functionality is used for sup-
porting business processes.

Also, only virtualized resources may be provided by infrastructure services (IaaS).
An example is database storage as offered in Windows Azure [17]. By this means a
scalable supply with database storage is created.

The four approaches differ in their properties. A BPMaaS solution provides the
highest scalability, because all participating services are within the cloud. The provid-
er of the BPM as a Service assures that enough resources are available. There also the
time and financial effort can be minimized. There is nearly no time required for set-
ting up the BPM systems and the highest scaling effects can be achieved. Further-
more, the BPMaaS realizes the idea of as separation of concerns. The BPMaaS user
does not have to bother with software updates etc.

- — Support
BPM Support

BPM Support

SaaS SaaS
PaaS PaaS PaaS
laaS laaS laas laaS

Cloud Services

Fig. 2. Sets of cloud services used for business process management
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On the other hand, using an IaaS approach provides the highest degree of autono-
my. The user has complete control over all information; thus lock-in effects are
avoided. Furthermore, there is a high degree of adaptability. It is possible to realize
very specialized solutions.

There are two possible way to differentiate the model above, as shown in Fig. 3.
First, enterprises may choose to differentiate the usage of cloud services dependent on
the phase of the business process management lifecycle [7]. E.g. a company may use
a BPMaaS based solution for business process design, but may use an PaaS-based
solution for business process execution. Second, legacy services service, applications
or data may be combined with a BPMaaS. However in this case the overall solution
loses the generic advantages of cloud services, because the legacy objects become
bottlenecks.

Legacy-

SaaS Saa$S Saa$S Saa$ Service
Legacy-

Paa$S Paa$S PaaS Paa$ Paa$S Application
Legacy-

laas laaS laaS laaS laaS gacy
Resource

\ Life cycle phase dependent set of cloud-services \ \Legacy services, applications and resources

Fig. 3. Deviation from standard sets

3 Cloud-Based Process Enactment

Although BPMaaS offers the highest scalability, the scalability may be limited by
architectural constraints of the business process management system. The crucial
entity for the scalability of business process management systems is the process
enactment[18]. Process enactment is the creation of executable instances of a process
and their monitoring. Existing approaches for process enactment are often based on
the architecture sketched in Fig. 4. It implements the ideas of the workflow reference
model of the workflow management coalition. [8]. A (semi-) formal business process
model is either directly or indirectly by a process engine to create process instances.
E.g. BPMN [9] is often transformed into BPEL [7] and then executed by the process
engine. The process engine also provides access to external services and resources for
the process instances.
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Business process model

~— Process enactment

Process Instance

56 éé

Services Resources

Fig. 4. Business process enactment

However, already very early research [10—12] showed, that engine approaches
create performance and reliability bottlenecks. This is also true if one moves an en-
gine approach to the cloud as shown in Fig. 5.

Process Engine

Cloud Nodes

Fig. 5. Mapping of engine-based approaches to cloud nodesO

In this case, the service and resources can be mapped to different nodes of the cloud,
e.g. different virtual machines running on different physical machines. However, the
process engine is on one single node of the cloud. Thus, this node is a bottleneck.

To create a truly scalable business process enactment, a new approach using so-
called service-systems shall be introduced. The first step is to analyze the properties
of cloud environments. The formalization of cloud environments in the second step is
the basis for a service system based process enactment described in the third step.

3.1 Cloud Environments

In the beginning, the provisioning of cloud services [19] had been very similar to the
provisioning of services in an SOA [20]. A single cloud service was provided by a
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cloud service provider assuring scalability and reliability of the clouds service. Over
time, however, several cloud services have been integrated to so-called cloud envi-
ronments. Cloud environments are bundles of cloud services and resources. The ser-
vices and resources of cloud-environments are selected to fulfill the requirements of a
certain group of customers. Wide-spread examples are Office365 [21] and Google
Apps [22]. They provide a bundle of office-related services such as text-processing,
email, spreadsheet calculation and offer storage resources for texts, spreadsheets etc.
The first cloud-environments had no means for configuring services and resources.
They also lacked any possibility to extend or change the bundle of services and re-
sources. Such static cloud-environments (SCEs) did not allow tailoring them accord-
ing to individual customer requirements. Static cloud-environments quickly create a
number of problems. Because services cannot be integrated into an existing cloud-
environment, the user needs multiple separate cloud-environments. In this way, a
“jungle” of isolated cloud-environments arises. Each of them has an own password,
resource administration etc. Furthermore, it is difficult to exchange information be-
tween the static cloud-environments. Often, this has to be accomplished manually.
Very quickly redundant data are created in the different cloud-environment and thus
the danger of inconsistent information arises.

Classes of Cloud Environments

In reaction to the restrictions of static cloud environments, more enhanced classes of
cloud-environments have been created by adding configuration and extensibility ca-
pabilities, see Table 1.

Table 1. Classification of Cloud Environments

Configurable Configurable Cloud Dynamic Cloud Environment
Environment (CCE) (DCE)
Not configurable Static Cloud Environment Extensible Cloud-Environment
(SCE) (ECE)
Not extensible Extensible

Configurable cloud-environments (CCEs) allow configuring services and re-
sources. Extensible cloud-environments (ECEs) provide the possibility to extend the
set of services and resources. Dynamic cloud-environments (DCEs) provide both the
capabilities of CCEs and ECEs. That means, services and resources are both confi-
gurable and extensible.

Configure and Extension Operations on Cloud-Environments

The only possible interaction between a cloud service user and a static cloud envi-
ronment had been the request for service itself. Configurable and extensible cloud
environments introduce interactions to configure and extend the cloud environment
according to user requirements. This is accomplished by a self-service approach: the
user is able to do the configurations on his own. By this means he can quickly accom-
plish the required changes to the cloud-environments or extend it.



Scalable Business Process Enactment in Cloud Environments 7

nteractions wit
Cloud
Environments
I

I 1
Configure Extend
1 —_—T
1 1 | | a4
Service Resource Topolo Access Integrate,«" Import/ Export
pology Disintegrate P P

Fig. 6. Interactions with dynamic cloud environments

Configure interactions may be applied on four types of entities: services, resources,
topology and access. The configuration interactions on services and resources are
used to adapt them to individual requirements. Services and Resources interact within
a cloud-environment. Thus, it may be necessary to adapt their topology that means the
relations between services and resources. Services and resources can be associated.
That means relations between different services can be established. E.g. dataflows
between services can be created. The fourth interaction is the used to grant or limit
access to service and resources. The user of a cloud environment may wish to grant
other users access or to limit it.

The extension of cloud environments by services and resources is accomplished dif-
ferently for services and resources. The extension of the cloud-environment by services
is done by integrating them. The service remains outside the sphere of control of the
cloud-environment. Otherwise, all resources would have had to be integrated into the
cloud environment. The cloud-environment stays isolated from the details of service
provisioning and manageability is facilitated. The extension of cloud-environments by
resources is done by importing the resources. That means they are moved into the
sphere of control [23] of the cloud-environment. By this means it is possible to manage
the resource more efficiently, e.g. change the resource in the context of a transaction
[24]. Thus, there is a trade-off between manageability and efficiency.

Both integrate and import interactions are associated by their inverse interactions
the disintegration of services and the export of resources. The disintegration of ser-
vices means that their availability with the cloud environment is stopped. The export
of resources is the moving of resources out of the sphere of control of the cloud envi-
ronment to a place specified by the cloud environment user.

Restricting the Use of Configure and Extensibility Operations

Theoretically, all configure and extension operations could be applicable to all servic-
es and resources and accessible for all users of the cloud environment. However, in
practice, the availability of configure and extension operations is limited due to tech-
nical reasons and restricted due to administrative reasons. It may be not feasible to
make configurable all types of services and resources. In the same way, it may require
a too high effort to make all kinds of services available for integration or all kinds of
resources importable. Therefore, the configure and extension operations may be
restricted to avoid improper changes. Not only the use of certain configure and
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extension operations may be restricted, but also their domain and their cardinality.
The operations may be restricted to certain types of services. E.g. only certain types of
resources may be imported. Also the cardinality may be restricted. E.g. it is allowed
to integrate only one instance of a certain service type.

3.2 Formalizing Cloud Environments

Cloud environment can be conceptualized as shown in Fig. 7 The extensibility of
cloud environments embraces both services and resources. Therefore, different me-
thods have to be applied to services and resources. The extension of cloud environ-
ments by services is done by integrating the services. As shown in Fig. 7, external
services become accessible for the cloud-services by integrating them.

To add resources to the dynamic cloud environments, it is necessary to move them
into the sphere of control [23] of the cloud-based information system. Otherwise, the
transparent access of the cloud-services to the resource could not be guaranteed. The
moving of a resource into the dynamic cloud environments is called import and means
that the resources are encapsulated by an IaaS. In that way, a virtualized resource is
created which is transparently accessible for the cloud-services.

The ability to disintegrate services and export resources is very important to cloud
environments because many cloud-services and resources are billed by their usage.
The export of resources is of particular importance to avoid a vendor lock-in [25].
Only, if there is the possibility to get back resources given to a cloud-service vendor,
the change to another cloud-service vendor is feasible. Delete operations on service
and resource configuration items are used to represent the disintegration of services
and the export of resources from cloud environments. Disintegrate and export opera-
tions have to be preceded by detach operations on the services respectively resources.

1
part of Cloud Environment part of

\ 4 N
part of \—.—.—1 1

Resource Type
*
has ResourceType ! [Cardinality

1 i *
ServiceTypes has ServiceType Service Resource
Cardinality
Modifiable

Deleteable

Deleteable

1

imported 1

Internal Resource

External resource

External Service

+import()

+integrate()
+disintegrate()

‘ encapsulat¢:

Fig. 7. Dynamic cloud-environment (DCE)
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To be able restricting the use of configure and extensibility operations, it is neces-
sary to extend the architecture of the cloud environment by service and resource
types. Each service and resource type contains cardinality information, defining how
many service or resource configuration items may be created. Furthermore, it contains
an attribute to indicate whether the services or resources of this type may be modified
or deleted.

The capabilities of a cloud environment to integrate services and import resources
are differentiated into three levels. First, it is possible to integrate or import every type
of service or resources respectively. This is expressed by the creation of new entities
of service or configuration item types in addition to the creation of service and re-
source configuration items. Concrete services are assigned to the newly created confi-
guration items. Second, only the integration of services and resources of predefined
types may be possible. This is expressed by the creation of configuration items of a
certain type. Third, also the cardinality may be restricted. In this case, it is only possi-
ble to assign services and resources to already existing configuration items or to
change it according to the cardinality information in the of the associated service con-
figuration item type or resource configuration item type.

The discharge of a service or resource is represented by the deletion of a configura-
tion item and solving the assignment to this configuration item. By constraining the
types of configuration items allowed to delete, it is expressed, that only certain types
of services or resources may be discharged. Furthermore, it is possible to constrain the
cardinality. E.g. it is possible to define, that the deletion of configuration can be done
only, if at least one configuration item of a certain type remains.

4 Service System Based Process Enactment

To create a process enactment architecture which fully leverages the advantages of
cloud computing, a new approach using so-called service systems is used. A service
system is a configuration of services and resources, which are represented by so-
called configuration items. Configuration items are differentiated into two subclasses:
service and resource configuration items. The configuration capability of a service
system is implemented by the modify operation. It can be restricted for defined types
of service and resource configuration items by evaluating the modifiable attribute of
the associated service type or resource type. The uses relationship of the service con-
figuration item represents the usage relationships of the cloud-services. The act-upon
relationship between service and resource configuration item is used to indicate which
cloud-services act upon which resources. Both relationships are created and modified
by the assign operation. The configuration of services and resources itself is
represented by the modification of configuration items. To do so, a modify operation
is defined for configuration items.
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Fig. 8. Service System

To transform a business process into as services system, an aspect-oriented [26],
[27] approach shall be applied. Aspects are disjoint sets of process functionality which
is independently evolving. Aspects have been already described in workflow manage-
ment [28] and software engineering [29]. There are five core aspects: the functional,
control, informational, organizational and operational aspect [JaBu96]. The functional
aspect defines the composition of a business process from sub-processes. The control
aspects defines the temporal and conditional relations between activities. A mapping
between the organization and activities is defined in the organizational aspect. The
operational aspect defines applications or services used for executing activities. The
informational aspect defines the data flows between the activities.

Business process processes are transformed into service systems by analyzing their
elements and transforming the elements of the business process into aspect elements
as shown in Fig. 9. Cloud-services implementing the aspect elements are mapped to
the nodes of a cloud.
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Business Process
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Cloud Nodes
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Fig. 9. Transformation of business processes to service systems

Both scalability and flexibility can be achieved without using a centralized engine
approach. The cloud services implementing single aspect elements can be distributed
to different nodes of the cloud. By using the configuration mechanisms provided by
cloud environments, the composition of the service systems and its topology can be
adapted easily.

5 Related Work

There are a number related papers addressing the same or other issues in cloud-based
business process enactment. In [30] a mapping of a classical engine-based business
enactment architecture to cloud-computing environments is described. The WS02
Business Process Server [31] has a multi-tenant architecture, but uses an engine-based
approach. The challenges arising from multi-tenancy in business processes are dis-
cussed in [32]. The solution approach, however, only addresses SaaS cloud environ-
ments. In [33] an architecture for flexible process-based applications in hybrid clouds
is developed. It is designed around a process service platform. However, it does not
consider cloud services of higher abstraction levels such as software as a service.
Furthermore, there are approaches addressing related, but not identical issues. Confi-
gurable process models introduced in [34] are used to implement multi-tenant
processes. This work addresses modeling but not architectural issues. In [35] the
NIST and DMTF cloud architectures are compared. Both architecture are very de-
tailed but do not refer to business process enactment. In [36] an event-based distri-
buted architecture is used to enforce SLAs in cloud-architectures supporting business
processes. The integration of cloud computing with business intelligence is discussed
in [37]. Cloud computing creates new possibilities for business process design by
introducing content-centered collaboration spaces [38]. They enable the inter-
organizational cooperation of users.
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The services systems used in this paper relate to the term service system introduced
by Maglio et al. [39]. They define a service system “as an open system capable of
improving the state of another system through sharing or applying its resources and
capable of improving its own state by acquiring external resources”. Thus, these ser-
vice systems parallel with cloud-based service systems by the ability to acquire re-
sources. In [40] the resource-event-agent enterprise ontology (REA) is used to con-
ceptualize service systems. To do so, REA is interpreted with a Service-Dominant-
Logic perspective. As a result, the Resource-Service-System model is defined. In [41]
the Resource-Service-System model is used as a conceptual model of service systems.
In [42] a tool for the conceptual design of service systems is developed. In [43] a
concept for service systems is defined.

In industry, a number of cloud environments exist which can be used as a founda-
tion of cloud-based information systems. Cloud-environments are bundles of cloud-
services and resources. Wide-spread examples are Office365 [21] and Google Apps
[22]. They provide a bundle of office-related services such as text-processing, email,
spreadsheet calculation and offer storage resources for texts, spreadsheets etc. How-
ever, their ability to integrate services, import resources and to configure them highly
fluctuates depending on the type of service or resource and cannot be modified due to
marketing considerations.

6 Conclusion and Outlook

There is a growing need to enact business processes with an increasing number of
instances and to reduce the cost of business process enactment. Both scalability and
cost are issues addressed by cloud computing. The integration of services and the
import of resources is facilitated by cloud environments.

To fully leverage the advantages of cloud computing, it is necessary to created new
business process enactment architectures. In this paper, the so-called service system
based enactment of business processes has been introduced. Service systems are a
configuration of services and resources. Services can be associated with other services
and resources. Using a service system based approach the enactment of business
processes is distributed to services which can be easily distributed to different nodes
of the cloud fabric. Thus, a high degree of scalability is achieved. Business processes
are transformed to service system by identifying so-called aspect elements.

Future work will extend the concepts developed in this paper. In particular the de-
finition of aspect elements has to be given more details. The transformation process
from business processes to aspect elements and cloud services has to be specified
rigorously.

Cloud computing will influence business process management in a number of dif-
ferent ways. First, cloud computing will change the way enterprise outsource compu-
ting utilities. Using cloud environments, it becomes much easier to procure computing
services. Therefore it has to be expected, that many companies will prefer outsourcing
via cloud computing instead of outsourcing complete business processes. Furthermore
this reduces the danger to create new competitors by giving important knowledge to
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the outsourcing contractor. Second, cloud environments are capable to introduce new
versions of software, platform and infrastructure services on the fly. These mechan-
isms can also be used to change business processes frequently. Thus, business
processes can be adapted much faster to changing business requirements. Third, using
a public cloud for business process support allows to minimize energy consumption
and CO, production. First it is possible transfer the business process support to data
centers that are in cold areas of the world. This means is used by more and more en-
terprises for reducing the power consumption necessary for cooling[44] . By using
energy from renewable sources, also the CO, production can be reduced.
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Abstract. The shift to the cloud computing creates new opportunities for the IT
usage in business. New standard and customizable services that do not require
high initial investment allow business people to choose services to support their
business activities without involving technicians. Business process solutions
providers are already moving their products to the cloud offering them as
services. The question arises of how a business person, e.g. a department
manager, can decide on which service suits best his/her needs. The paper
investigates this issue in respect to the services that provide fully customizable
operational support to business processes. The paper suggests a practical
framework for defining requirements based on characteristics of the process to
be supported by the service. The framework determines the needs of such
capabilities as process flow support, shared spaces, team collaboration, etc.,
based on the high-level analysis of a process in question. The framework is
aimed at serving as a basis for designing a practical methodology for selecting
business process support services.

Keywords: cloud computing, services, business process, workflow.

1 Motivation

The current shift to the cloud computing is the fourth revolution in the application of
computer technology to business that the authors have observed: counting the shift to
mini-computers as the first revolution, shift to the personal computers as the second, and
shift to the Web as the third one. Each technological revolution extended the usage of IT
technology to the new areas, and gave much broader assortments of systems to business
people. Each revolution also resulted in higher involvement of business people in
systems development due to appearing easy to use tools, like dBase, Access,
Dreamweaver, and user-centered methodologies, e.g. agile development.

The shift to the cloud computing is to continue the trend above. Inexpensive cloud
computing services ready for deployment at the moment notice will allow business
people to choose services they consider appropriate for them. The burden to consult
the IT department whether there is an appropriate IT-infrastructure to support a
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system they need will be lifted from their minds. The same applies to financial
concerns; it will be possible to test a new service without high initial investments.

Business process solutions providers are already moving their products to the cloud
offering them as services [1]. There already exist a number of such services, ranging
from those that provide totally domain independent solutions [2] to the ones that are
focused on supporting processes in a specialized domains like Salesforce [3] (CRM),
or ProjectPlace [4] (Project management solutions). With growing popularity of
cloud-computing, it is only expected that the number of different process support
services will grow. The question arises of how a business person, e.g. a department
manager, can decide on which service suits best his/her needs. The paper investigates
this issue in respect to the services that provide fully customizable operational support
to business processes.

Services that provide customizable process support are based on different
principles; some of them are totally workflow based, others are based on case-
management [5], including adaptive case management [6]. The suitability of a
particular type of services depends on the process in question. Some business
processes can be streamlined and optimized making workflow services to be the right
match for operational support. For others, a social software service, like wiki, can be
an appropriate choice. Therefore, choosing the right type of business process support
(BPS) service for a particular process requires understanding this process nature. For
example, employing workflow requires splitting the process in a number of
predefined operations that can be ordered in a systematic way, while employing a
wiki-type service does not require even to identify operations.

The goal of this paper is to suggest a framework for high-level analysis of a
business process that allows to determine requirements on a service without building
a detailed process model (as details are better to investigate in terms and concepts of
an already chosen service).

The goal is achieved by splitting the process into relatively large chunks of work,
called steps, and investigating relationships between them, such as input/output
dependencies, possibility of parallel execution, intersecting teams, and some others.
Presence or absence of particular relationships is then used for identifying
requirements on a service aimed at providing support for the process.

The ideas presented in this paper have been derived from analysis of our own
experience of building BPS systems (including cloud BPS services [7]) and
introducing them in operational practice. Our experience in the latter shows that not
all service features that theoretically could be imagined as useful, are really useful in
practice, and more nuanced analysis of the needs when choosing a BPS service is
required than just desiring to have everything that is technically possible. More on our
experience, see, for example, [8,9].

As far as literature is concerned, we have not found a practically-oriented
framework for choosing computerized operational support for business processes.
However, the literature does identify the limitations on the scope of applicability of
particular methods; see for example definition of workflowability in [10].

The paper is written according the following plan. In Section 2, we introduce main
concepts needed for the high-level analysis. In section 3, we present our framework
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and show how it helps to understand the complexity of a business process that we
want to support. In Section 4, we list the capabilities that one can expect from BPS
services. In section 5, we suggest guidelines for specifying which capabilities to
choose based on the nature of the process in question. Section 6 discusses the results
achieved and plans for the future.

2 Basic Concepts

2.1 Business Processes and Process Support Services

There are many definitions of what a business process is, each of them highlighting
different aspects of this phenomenon. Actually, term business process encompasses
two concepts (which often confuses outsiders), business process type and business
process instance (or case). We give both concepts the following pragmatic definitions
sufficient for the issues discussed in the paper:

— Business process type (BPT) is a plan/template for handling business situations of a
certain type

— Business process instance/case (BPI) is a situation (being) handled according to the
plan/template

The plan/template can include information on any or a combination or all of the
following:

— A situation that warrants application of the plan, i.e. triggers a new instance creation

— A goal to reach

— Sub-goals and an order in which they could/should be achieved (goal
decomposition)

— Operations/actions/activities that should be completed for achieving goals/sub-goals
and the order in which they should be completed (operational decomposition)

— Rules of responsibility/participation (both for sub-goals and operations)

— Rules of collaboration/communication between participants pursuing common
goals/sub-goals (communication/collaboration channels)

For example, consider a situation of developing a customized software system for a
particular customer. A general plan for handling this situation can be presented as a
simplified flowchart in Fig. 1. To this flowchart, any number of details can be added,
e.g. the first step in Fig. 1 should be carried out by requirements engineers, the second
step should produce use-case diagrams, or the third step requires using Java as a
programming language. The more details are added, the more rigid the process will
be. For example, setting the requirement that all programming should be done in Java
will force the developers using this language even in cases where it does not fit, e.g.
for development of operating systems.
The plan/template can reside in any or a combination of all of the following:

— In the heads of members of staff who participate in the process instances of the
given type (tacit knowledge). This knowledge guides the process participants what
can/should be done or/and what is prohibited, without much thinking about it.
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— As written documents, including process maps and other kind of process description
(explicit knowledge) on the paper or inside a computer, e.g., in the form of web-
based hypertext. These documents contain explicit instructions of what can/should
be done or/and what is prohibited to do.

— In software systems/services used to support running process instances (built-in
knowledge). The usage of such systems/services forces to do some actions in a
certain way and/or in a certain order, or/and prohibit to do it in other ways.

Reguirement
engineerin

Fig. 1. A plan/template for handling a situation when there is a need to develop a customized
software system

W

Coding Test

W
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In other words, the knowledge on processes can range from being completely tacit
(e.g., resides in the heads of the process participants), to being totally explicit (e.g.,
depicted in detailed process maps).

We define Business Process Support (BPS) Service as a cloud service that helps
the participants of a business process instance to follow the plan/template defined by
the business process type. It can, for example, automate certain operations or support
coordination/collaboration between the workers who participate in the same process
instance. Note that using a BPS service for operational support does not imply that the
whole process needs to be defined in the term of this service, and the service needs to
supports all operations included in the process.

2.2 Process Steps

As was pointed out in the introduction, the property of the process that we want to
introduce is based on splitting the process in chunks of work called steps. To do this,
we need to introduce some concepts related to the idea of process step. We start with
identifying concepts related to the instances and then proceed to abstracting them to
the concepts that belongs to the process type.

- Each process instance has a goal to reach, for example sell to a customer one or
more particular products from the company's assortment for a given price.

- An instance goal, usually, can be decomposed into a number of sub-goals that
could be pursued sequentially or in parallel.

- Pursuing a sub-goal produces results that are used when pursuing other sub-goals.

- Often, a sub-goal cannot be reached at once; thus there is a need for recording the
progress achieved when pursuing this sub-goal.

- Reaching sub-goal require resources that can be divided into two categories:
passive, like energy or money, and active or agents that perform actions, like
people, or robots.

- To reach a sub-goal an agent or several agents need to perform one or more
operations/actions/activities
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As we consider process instances that belong to the same type to be similar to each
other, we assume that their instance goals, results, sub-goals, are also similar. This
allows us to define meta-concepts for all concepts listed above, i.e. meta-goal, meta-
result, meta-sub-goals, etc. A meta-concept means having a pattern with place-holders
(variables) that can be used for any instance. For example a meta-goal for the sales
process can be roughly defined as a following sentence:

To sell customer X product Y for the minimum price Z having budget B for the effort

When it is clear from the context that we discuss process types rather than instances,
the prefix meta- is omitted.

In the rest of the paper, we consider only “somewhat structured” processes. The
minimal requirement on the process structure is that a (meta) goal of the process type
is decomposable in several (meta) sub-goals, and pursuing of each sub-goal could be
entrusted to different process participants or groups of participants.

Now, we are ready to introduce a new concept of process step as a sub-goal with
associated to it components — results, participants, operations. The concept is applied
to both instance level and type level. On the instance level, a step represents a
particular sub-goal, result achieved so far, people engaged in achieving the sub-goal,
and operations — the ones already completed and those that are planned. On the type
level, the step represents a sub-goal template, roles of participants to be engaged,
template for formatting the result. Graphically, process steps are represented as boxes
(rectangles), as it is done in the systems development process in Fig. 1. This process
will be used in the rest of the paper for illustrating the ideas being developed.

3 The Framework

To formulate requirements on a BPS service we need to understand the complexity of
a business process to be supported from different points of views. Here, we are
looking at the complexity of the process itself, not the complexity of operations
included in the process. A process that includes complex operations completed in a
strict order without any needs for participants of the process to communicate with
each other is considered to be a simple process. A process that includes relatively
simple operations completed iteratively is considered to be a complex process,
especially if its participants need to collaborate when completing these operations.

Our analysis of process complexity is based on investigation of relationships
between the steps identified in the process. Relationships are represented with the
help of a set of square matrices where both columns and rows correspond to the
process steps. Intersection between a row and a column in a matrix shows a
relationship between two steps. The type of content in the cells depends on the
relationship in question.

3.1  Input-Output

The input-output matrix shows dependencies of one step on the results achieved in
another. A cell (aq,b) in the matrix, where a refer to a column and b — to a row,
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specifies what result (i.e. output) from step a (if any) is used as input to step b. In
addition to the name of result, a cell can be marked with asterisk (*) which means that
the result is required for step b to be started the first time. An example of input-output
matrix for the process in Fig. 1 is presented in Table 1. In Fig. 2, the input-output
dependencies are presented in a graphical form.

Table 1. Example of input-output relationships

Output | Requirements Design Coding Test
Input
Requirements
Design *Requirements Test results
specifications
Coding *Design specifications Test results
Test *Test specifications *Code
Test spec \I,
RE spec D spec Code
Reguirements Design Coding Test
T Test results T Test results | ‘

Fig. 2. Graphical representation of Table 1

Presence of a symmetric pair of non-empty cells (coding, test) and (test, coding) in
Table 1, points to a loop in steps execution, i.e., return from test to coding for bug
fixing (Fig.2). To make all loops explicit, we can take the “transitive closure” of the
input-output matrix creating a derived matrix called the transitive input-output matrix,
see Table 2. In it, cell (a,b) is marked with cross x if (a,b) is nonempty in the input-
output matrix, or there is a sequence of steps cj,...,c, such that cells
(a,c;),(c1,€2),...,(CppyCn)(Cpyb) are non-empty in the input-output matrix. In Table 2,
there are two pairs of symmetric non-empty cells (coding, test), (test, coding) and
(design, test), (test, design). The second pair points to the loop of going from design
to test via coding and returning to design in case the requirements are not satisfied.

Table 2. The transitive input-output matrix derived from Table 1

Requirements Design Coding Test
Requirements
Design X X
Coding
Test X X X

3.2  Parallel Execution

The parallel execution matrix shows whether two steps are allowed to be executed in
parallel. If ongoing activity inside step a do not totally forbid carrying out activity in
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step b, then both cells (a,b) and (b,a) are marked with x (the matrix is symmetrical). If
none of the steps can run in parallel, the parallel execution matrix will be empty.

Suppose our systems development process template provides for hard project
deadlines and allows some degree of parallelism. For example, requirements is
allowed to partially run in parallel with both design, and coding, meaning that test
specifications from the requirements team are continued to be prepared while the
design and coding are already in progress. Such case is depicted in Table 3.

Table 3. Example of parallel execution matrix

Requirements | Design Coding Test
Requirements X X
Design X
Coding X
Test

In a process template that provides for very tight deadlines, all steps can be allowed to
run in parallel. One starts designing as soon as basic requirements are gathered, and
coding when some “implementable” part of the design has been completed. Such course
might require a lot of re-doing, but it could be the only one possible if there is no
possibility to extend the project length. This approach may succeed provided that the
systems development team is experienced and accustomed to work in such a fashion.

3.3 Parallel Dependencies

By combining the input-output matrix with parallel execution matrix we can get a new
view on complexity of a business process. Table 4 is produced by merging Tables 1 and
3 according to a simple rule: cell (a,b) get crossed in the new table only if the cell is not
empty in both input-output matrix and parallel execution matrix. We will refer to the
merged matrix as to parallel dependencies matrix. The cross in a cell (a,b) in this matrix
means that steps a and b can run in parallel at the same time as b is dependent on the
result from a. In Table 4, there is only one cell that is crossed — (requirements, design),
which means that steps design and requirements can run in parallel while design
depends on results from requirements (see deliberations in Section 3.2).

A cross in cell (a,b) of the parallel dependencies matrix requires special attention
as it warrants tight coordination between these steps, otherwise the work done in step
b may need to be totally re-done after substantial changes in the result from step a.
Even more tight cooperation is required when both cells (a,b) and (b,a) are crossed.

Table 4. Example of parallel dependencies matrix

Requirements | Design Coding Test
Requirements
Design X
Coding
Test
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Sometimes a cross in the parallel dependencies matrix appears due to the steps we
have chosen are too big. In this case, we can try to remove parallel dependencies by
decomposing (splitting) the original steps into smaller ones. For example, we can split
requirements into two steps: specifying requirements (SR) and specifying
requirements tests (SRT). Then, the input-output matrix may get the form of Table 5,
and the parallel execution matrix will get the form of table 6. As the result the parallel
dependencies matrix becomes empty.

Table 5. The new input-output relationships matrix

SR SRT Design Coding | Test
SR
SRT *Requirements
specifications
Design *Requirements Test results
specifications
Coding *Design Test results
specifications
Test *Test specifications *Code
Table 6. The new parallel execution matrix
SR SRT Design Coding | Test
SR
SRT X X
Design X
Coding
Test

Note that it is not always possible to get an empty parallel dependencies matrix
through decomposition (see deliberation in Section 3.2). Decomposition may not
remove all parallel dependencies, or it can introduce new dependencies instead of the
old ones. This, for example, happens if we allow steps SR and SRT run in parallel.

3.4 Weak Dependencies

Cell (a,b) in the weak dependencies matrix shows whether step b may require
something more than the formalized result from step a, e.g. a historical trace of how
the result has been achieved. For example, it is not unusual for the designers to need
more information than exists in the formal requirements. They might need to
understand the rationale behind one or more requirements, or need some other
background information. Cell (a,b) in this matrix specifies what kind of information
from step @ might be needed to complete step b. An example of such matrix for our
systems development process is given in Table 7.

The concept of weak dependencies reflects the needs for informal communication
in the frame of a process instance. It is not always possible to include everything that
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might be needed for the next step in the formal results, as different instances might
require completely different information from the previous steps. It is better to start
looking for this information on the demand basis, i.e. when there is a need for it.

Table 7. Example of weak dependencies

Requirements Design Coding | Test
Requirements
Design Rational behind requirements
Communication with the
customer
Coding Clarification of diagrams
Test

3.5 Teams and Their Relationships

The teams matrix shows the presence of collaborative teams and their relationships.
The presence of teams is shown in the diagonal of the teams matrix: cell (a,a) is
marked with the light gray color if the team for step a consists of more than one
person. The non-diagonal elements show whether the teams participating in different
steps intersect. If the teams for steps a and b intersect but not coincide, we mark both
cells (a,b) and (b,a) with the light gray color. If the teams coincide, we mark these
cells with the dark gray color.

An example of teams matrix for our systems development process is shown in
Table 8. Here, we assume that each step does have a team; requirements and design
teams intersect but not coincide; coding and fest teams coincide.

Table 8. Example of teams matrix

Requirements | Design Coding Test

Requirements

Design

Coding
Test

The diagonal of the feams matrix identifies steps that may require support for intra-
step collaboration, which is discussed in Section 5. The non-diagonal part of the
matrix is used for analyzing the needs for support of inter-step coordination/
collaboration, which is discussed in Section 3.6 and 5.

3.6 Inter-step Collaboration

By merging the weak dependencies matrix (Section 3.4) with the teams matrix
(Section 3.5), we get a view on the needs for inter-step collaboration. The result of the
merger of matrices in Tables 7 and 8 is presented in Table 9. In it, one non-empty cell
(requirements, design) has the light gray background, the other one (design, coding)
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has the white background. In the first case, requirements and design teams intersect,
thus additional information from one step to another can be carried out tacitly via
intersecting members. In the second case, the design and coding teams do not
intersect, thus there is a need to make information (other than formal design
documentation) that might be needed from design for coding available on demand.
Considering that the design team can be dissolved before coding starts, or be not
easily available, this issue needs to get special attention.

Table 9. The weak relationships matrix merged with teams matrix

Requirements Design Coding | Test
Requirements
Design Rational behind requirements
Communication with the
customer
Coding Clarification of diagrams
Test

4 BPS Services Capabilities

In this section we discuss capabilities one can expect for a BPS service to provide.
The term capability here is understood as ability to provide support for certain aspect
of running business process instances. The capabilities could be provided separately
or tied up in a clump where one cannot be used without the others. The list of basic
capabilities that we believe could be expected from BPS services is presented below.

The list has been compiled mostly based on our experience of supporting business
processes, and analysis of BPS tools from other vendors. Many of the capabilities
listed below are also mentioned in various research works. However, due to the lack
of space, we cannot produce a detailed analysis of the literature on the topic in this
paper. We do not insist that the list is comprehensive; in this paper it is only important
that it includes capabilities the needs for which could be derived from the content of
the matrices from Section 4.

1. Information logistics support (ILS) is aimed at providing process participants with
all information they need to complete their work without being overwhelmed by
the details that are not relevant. ILS is particular important for steps where the
inputs-outputs constitute information objects, like documents, program code, test
protocols, etc. ILS can be provided in two different ways:

— By actually sending the results to the next step team, e.g. via email. We refer
to such kind of logistics as to conveyor belt logistics [9].

— By providing a shared space where the results are stored and made available
for the participants of the “next step”. We refer to such kind of logistics as to
construction site logistics [9].

The ILS capability can also provide version control for the information objects
that are produced more than once. Version control is easier to achieve by using the
construction site logistics than the conveyor belt one.
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2. Intra-step collaboration support is aimed at providing a team working on the same
step with means to store/retrieve intermediate results and communicate with each
other synchronously and/or asynchronously.

3. Inter-step collaboration support is aimed at providing the teams, or individuals
working on different steps with means to access intermediate results obtained in
each others' steps and communicate between the teams synchronously and/or
asynchronously.

Note that intra-step and inter-step collaboration may require different means of
support. In the first case, the communication can be between people of the same
profession who reside in the same department. In the second case, it can be
between people of different professions who reside in different departments.

Note also that term collaboration in this paper is used in a special way. It does
not cover cases of accepting inputs from the previous steps, or forwarding outputs
to the next steps. The latter two cases are considered as belonging to the ILS
issues.

4. Process flow restrictions enforcement ensures that the rules establish for the
process flow are strictly followed. Examples of such rules:

— Ensure that the steps that cannot run in parallel run in turns.
— Ensure that if a step needs a result (output) from some previous step it waits
until the latter step is finished.

5. Process flow support ensures smoothness of the process flow; it sees to that the
steps that can be activated (i.e., inputs are ready) are activated at once. This for
example, can be done by informing process participants that they should start
working on their step through sending them required inputs (when the conveyor
belt ILS is employed), or notifying that the inputs have been placed in the shared
space designated for them (when the construction site ILS is employed).

6. Participation restrictions enforcement ensures that “right” people are participating
in various process steps. The rules can be established because of external
legislation (e.g., Sarbanes-Oxley) or decided on internally. The rules concern who
can participate in what steps, which information is available to each kind of
participants, whether the step teams can intersect, etc.

7. Resource assignment support. This capability means automatic or semi-automatic
formation of step teams based on qualifications and availability of process
participants.

8. Support for domain-specific operations. This capability includes tools to complete
operations inside the step, like compiling or testing a program. These tools can be
general, like an office package (MS, OpenOffice, etc.), or specialized like
compilers for specific languages.

5 Guidelines for Choosing Capabilities

The easiest way to choose a BPS service is when the process is workflowable in a
high degree [10]. With the help of our framework workflowability can be defined as:
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— The parallel execution matrix is empty - dependent steps are executed in turns

— The teams matrix is empty — one and unique person per step

— The weak dependencies matrix is empty (only formalized inputs are relevant for
steps execution).

In this case, any service that provides a workflow solution, e.g., [1], would be
suitable.

In a case where workflowability is not present and cannot be obtained by
decomposition of steps (see Section 3.3), each capability in the list of Section 4 needs
to be considered separately against the properties of the business process in question.
Fig. 3 shows which matrices from Section 3 can be used for determining the needs for
which capabilities. In addition to relationships between capabilities and matrices, the
bottom part of Fig.3 shows which matrices are basic — white background, and which
are derived — gray background and arrows into them. Note that in this paper, only
capabilities 1-6 of the list from Section 4 are covered.

1 2. 3 4 5. 6.

Information Intra-step Inter-step Process flow Process Participation
logistics collaboration collaboration restrictions flow restrictions
support support support enforcement support enforcement

Table 1: Table'2: Table-4: Table 3

Table 8 Table9:. Table 7:
Transitive Weak
Input- X Parallel Parallel X Weak
input- ) ) Teams dependencies '
output dependencies || execution dependencies
output + Teams
— i | | I |

Fig. 3. Guidelines for identifying capabilities

The preliminary guidelines for choosing BPS service capabilities are as follows:

1. Information logistics support. The capability is desirable as long as the input-
output matrix (Table 1) identifies results in form of information objects that need
to be passed between the steps. It is less critical when the teams matrix (Table 8)
identifies that the step teams intersect. In this case, responsibility of moving the
results from one step to another could be assigned to the intersecting parts of the
step teams and be completed outside the frame of a BPS service. If the teams
coincide, there is even less need for information logistics support.

In cases when the transitive input-output matrix (Table 2) shows that there are
no iterative loops (no symmetric non-empty cells in it) and the parallel
dependencies matrix (Table 4) is empty, the conveyor belt information logistics
will work satisfactory. When the loops are present, there can be many versions of
the same information objects. When these versions are just sent from one step to
another, there is a risk that a wrong version will be used instead of the right one.
Having a shared space (construction site ILS) where a new version totally
substitutes the old one would be preferable in case of loops. Having version
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control for such shared spaces can give additional advantages in case one needs to
understand the difference between the old and new version.

A non-empty parallel dependencies matrix (Table 4) requires even more
attention to information logistics. This is especially so when the teams of two
steps with parallel dependencies neither coincide nor intersect (Table 8). In this
case, any new piece of information should also include explanation on whether it
is a complement to what already has passed, or substitution of the old piece, or
both. Having dedicated shared space with version control and explanatory
comments would constitute appropriate information logistics support in this case.
Intra-step collaboration support. The capability is desirable when the teams
matrix (Table 8) identifies steps that do have teams (cells marked by the light gray
background in the diagonal of the matrix). The capability should allow to store
and share the intermediate results. In addition, it may include messaging and on-
line communication, like chat, voice or teleconferencing. The basic needs could be
solved by a shared space structured according to the needs of the team, with or
without version control capabilities. Such a space can include forums for
discussions, and journals to record the internal or external events, e.g.,
communication with customer/supplies. A step shared space could be useful even
when a step “team” consists of one member (the white background in the diagonal
of the teams matrix). This is true when he/she cannot complete the whole step in
one go and need to return to the step several times before it is completed.

. Inter-step collaboration support. The needs for this capability can be identified by

the merged week dependencies + teams matrix (Table 9). The capability is
desirable when there are non-empty elements in the matrix. The needs for this
kind of support is even greater if the teams for steps with weak dependencies do
not intersect — non-empty cells in the matrix with white background. One way of
arranging such collaboration is by having a communication channel between the
teams. The (week) dependent step team can send a request for extra information,
and get it back through the same channel. This will work if the members of the
team which have the information are still available for questioning.

Another way of arranging inter-step collaboration is possible if the shared
spaces technique is employed for intra-step collaboration. If the step shared space
is made accessible to the team of a dependent step, the members of the latter can
themselves find the information they need. This will work provided that the shared
spaces are structured in a way that makes it easy to navigate in them for the
process participants who do not participate in the correspondent step.

. Process flow restrictions enforcement. This capability is desirable in case of the

parallel execution matrix (Table 3) is empty or sparse. If many steps can and
should run in parallel one may have very little use of this capability.

. Process flow support. This capability is very useful if the feams matrix (Table 8)

shows that steps teams neither intersect nor coincide. However, it does not harm to
have it even if they do intersect. In case when many steps can run in parallel and
steps teams do not intersect, a more sophisticated coordination mechanism is
required than just process flow support, see the ILS-related discussion above.

Participation restrictions enforcement. This capability might be needed if steps
teams do not coincide, which can be easily figured out from the feams matrix
(Table 8). The actual need for this capability depends on the reasons that are not
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revealed by the steps relationships matrices. If the conveyor belt information
logistics is employed, the restrictions are established by sending results only to the
participants of the steps in which these results are to be used. If shared spaces are
employed for information logistics support, the participation restrictions are
realized by limiting access to some parts of shared spaces.

Discussion and Plans for the Future

In the Sections 3-5 above, we have demonstrated how a business process can be
analyzed with the help of steps relationships matrices, and how the needs for various
BPS capabilities can be derived from the content of these matrices. The ideas
presented in this paper can be summarized in the process of choosing BPS services
presented in Fig. 4. The ideal situation here would be if the only steps in the process
that require human intervention where identifying steps and filling basic matrices. The
rest would be done pretty formally, or even fully automated.

Identify - . Identify Chose BPS
steps in Fillin Build capabilities that provides
l.o —>| basic [ derived [ P . — . P .
business . . using identified
matrices matrices . e
process matrices capabilities

Fig. 4. A simplified process for choosing BPS

The first problem on the way to the ideal is the last step of the process — choosing a

BPS services based on the list of capabilities. The following issues can be identified
here:

BPS vendors do not describe their services in terms of capabilities we listed. They,
usually, do not provide information in such terms as information logistics, or
process flow restrictions. The descriptions are in terms of a business domain at
which the service is aimed, or/and in form of functional specification. To formalize
the last step in Fig. 4, there is a need to introduce a standard on capabilities
provided by BPS service vendors, or design a practical methodology of BPS service
analysis that produces a list of capabilities. The latter approach seems to be more
feasible. In addition, just having a list of capabilities provided by a BPS service
may not be enough, as there can be dependencies between them, so that some
capabilities cannot be provided without the others. These dependencies need to be
revealed so that choosing a service that provides one useable capability with a set of
unusable ones could be avoided.

When choosing a BPS service, one also needs to take into account other
requirements than capabilities from our list. Security provision and SLA level are
typical examples of such requirements. Easiness to customize the service to a
particular process is another example. Different vendors will be providing
capabilities in different ways, e.g. conveyor belt vs. shared spaces, using different
modeling notations to specify details of the process in order to make customization.
As the final selection of service can depend on additional requirements, they also
need to be listed and understood.
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The second problem concerns the following. Suppose we have done analysis
according to the guidelines in Section 5, and established a list of capabilities to be
requested from a BPS service. Should we seek a service that provides all these
capabilities? To answer this question, one needs to take into account factors that
characterized the environment in which the process instances are running. To such
factors, for example, belong:

— People engaged in the process. For example, with a low staff turnover, and already
established efficient ways of personal communication, one might choose not to
impose a new collaboration mechanism, as it can create a resistance to using a new
service. An opposite situation, i.e. with a significant staff turnover, warrants
standardization of collaboration mechanisms.

— Dynamism of environment. For example, if a process definition is expected to be the
same during considerable period of time, it can be advantageous to have a capability
for strict process flow enforcement. If, however, the process definition is to be changed
quite often, this capability might be useless, especially if the time for customizing the
service to a new definition is comparable with the time to the next change.

Our future plans include investigation of the two problems identified above, as well as
testing the main ideas in practice. Designing computerized support for the process in
Fig. 4 is also on our research agenda. To accomplish this task we would, probably,
need to introduce more derived matrixes than it was done in Section 4, and establish
some structure in the capabilities list from Section 5. The next problem on the agenda
is choosing a BPS service suitable for multiple business processes.
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Abstract. We describe ReKon, a platform that contains fine-granular templates,
each describing a process knowledge chunk, which may be combined, as
needed, to support ad hoc processes needed in large projects. The platform al-
lows user-lead (re)-construction of a process to deal with the unique and emer-
gent needs of a project by leveraging prior knowledge encoded in process
chunks. We have populated ReKon with process chunks created from more than
1200 real-world project templates contributed by four consulting organizations.
The fine-granularity of process chunks contained in ReKon represents a direct
response to the emergent nature of large projects that defies high-volume pro-
duction processes. The paper develops the underlying meta-model and opera-
tions for ReKon that adapt and extend the combination quadrant in Nonaka and
Takeuchi’s knowledge creation framework. A two-phase evaluation illustrates
the need for ReKon and points to its potential usefulness.

Keywords: ReKon, Process Management, Process Chunks, Granularity,
Recombinable Process Chunks, Systems of Systems.

1 Introduction

Large and complex projects are now a norm, both in the physical world and in the
software industry. In the software industry, as our understanding has evolved, we
have crossed a threshold: we no longer construct software systems as monoliths [1].
Instead, we envision them as ‘systems-of-systems’ [2]. Constructing these is a chal-
lenge that further exacerbates the problems of schedule and effort variances, cost
overruns and project failures [1, 3, 4]. The difficulties lie in the process of converting
blueprints to workable products [1, 5]. As a result, the track record of projects to
implement systems of systems tends to be below average (see, e.g. [6]). These chal-
lenges provide the context for the work we describe in this paper. For large and com-
plex projects, such as those aimed at building ‘systems-of-systems’, there are few
prescriptive workflows and processes. This lack of processes is an indicator of the
project variations and the associated complexity [1].

L. Bider et al. (Eds.): BPMDS 2012 and EMMSAD 2012, LNBIP 113, pp. 31-}5] 2012.
© Springer-Verlag Berlin Heidelberg 2012
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Although these projects share some characteristics, (e.g. they lack a well-defined
end-point, involve multiple teams and even organizations) — these meta-level similari-
ties do not dictate the actual work carried out, i.e. it is difficult to specify production
workflows for these projects. Further, the projects are often emergent i.e. the work
required is difficult to anticipate [7]. Comprehensive process prescriptions for projects
aimed at building and deploying systems of systems are, therefore, difficult to pin
down as well as difficult to translate and transfer across contexts.

A number of process design and management approaches may be explored to
address the problems outlined above [8-11]. All of these, however, rely upon a key
ingredient: knowing what to do and how to do it. Coarse-granular processes that pro-
vided these prescriptions for traditional software engineering efforts — often under the
guise of systems development methodologies — cannot meet this need. The research
question we address is, therefore, the following: Is it possible to devise a platform that
can provide fine-granular process assets that project members may combine, as
needed, to address the unique needs of projects aimed at building systems of systems?

This paper develops such a platform. It consists of fine-granular process chunks,
mapped against broad project phases and tasks that potential users can combine as
needed in response to the unique and emergent needs of the project. The process
chunks are extracted from more than 1,200 real-world project templates collected for
this research project from four leading IT consulting organizations. The paper de-
scribes the method followed for chunking and codification; the conceptual model that
underlies the platform that draws from and extends upon Nonaka and Takeuchi’s
knowledge creation (SECI) spiral [12]; and an implementation. A two-phase evalua-
tion of the platform with users demonstrates potential usefulness of the approach. The
key contribution of the paper is a conceptual model of recombinable and fine-granular
process knowledge chunks, a prototype implementation, and preliminary evaluation.

2 Related Work

2.1 A Motivating Example

Consider the following scenario faced by John, Mary and Sam, engaged in a systems
integration project for one of their clients.

John, Mary, and Sam are deciding how they should approach a new integration
effort for Painters R Us. The effort involves constructing a catalog of services
from a legacy scheduling application so that contractors and customers can use
these, and outlining a set of processes to work with other legacy applications in
a similar manner. Their concerns revolve around scalability and security but
they are also unclear about how they might go about aligning their current
business processes. Project Templates that codify lessons learned from earlier
efforts do not permit a direct mapping against all the concerns they are facing.
In each of these coarse-grain templates, often running into scores of sections,
there are detailed instructions and worksheets for structuring different tasks
such as working with clients to uncover requirements, designing, and testing.
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John, Mary and Sam realize that their specific project with Painters R Us is
likely to require several components that are difficult to find in a single tem-
plate. Based on their exploration, they also know that much of what they will
need is likely to be available but spread across several existing templates con-
structed by others. However, they do not know how they can leverage different
parts of templates to construct one that may be best suited for their project. Af-
ter spending several weeks trying to understand and select the templates that
can guide their efforts, they are now locked in an internal debate and find them-
selves moving towards creating an ad hoc approach relying largely on their ex-
perience instead of leveraging the process knowledge contained in the excellent
worksheets and examples available in the templates. They foresee returning to
this quandary repeatedly as the project progresses.

The problems faced by John, Mary and Sam are not new. Templates (as containers of
process knowledge) have been traditionally used in several organizations. They
represent, among other things, rules, routines and best practices accumulated from
past projects, which are codified into concrete artifacts. Prior work, however, tells us
that such overt emphasis on codifying process knowledge into an explicit form can
create certain pathologies [13]. For instance, excessive emphasis on codifying process
knowledge can lead to problems such as information overload, making attention, ra-
ther than information, the scarce resource. Search costs go up, leading individuals to
create more ‘“new’” templates instead of reusing existing ones [14]. The adherence to
these project templates can also cause problems such as anchoring and unnecessary
reuse [15] [16] triggering a vicious cycle, where templates can hurt - instead of help -
task, project and organizational performance [13, 15].

2.2 Projects to Build Systems-of-Systems as the Context of Study

Projects which involve the building of systems-of-systems provide a useful context
for this study. Systems-of-systems represent “a collection of ... systems that (are
brought) ... together to obtain a new, more complex (entity that) offers more functio-
nality ... than simply the sum of the constituent (parts)” [17]; that is, it is a system
composed of other autonomous systems such that no single constituent has visibility
of the overall system [7]. Systems of systems display emergent behavior; and there-
fore, require different approaches to building. As a result, they are often confronted
with problems discussed in the previous section.

Few workflows, processes, and methodologies have been proposed for building
systems-of-systems [1, 2, 6]. For example, Lam and Shankararaman outline one for
Enterprise Integration that is portrayed as three concentric rings that represent key
aspects: — a process to solve the Enterprise Integration problem, the deliverables pro-
duced by the process, and risks that must be managed during the process [18]. The
prerequisites for success and reasons for failure of projects involving systems-of-
systems project are, however, still not well understood [3, 4, 6, 12-14]. On the other
hand, the lengthy and complex nature of these projects leads to accumulation of
process knowledge — which can be contained and codified into project templates
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(as forms, checklists, and best practice guides and more), contributing to the concerns
outlined earlier related to ‘information overload’. The ‘emergent behavior’ exhibited
by projects of this nature can be out-of-sync with the rules and routines that those
project templates try to enforce.

Past studies related to systems development focus on traditional software develop-
ment or maintenance (as opposed to building ‘systems of systems’) (e.g. [19, 20]). A
significant finding from these studies is that poor practices can lead to project
escalation and runaway projects [15-17]. Although a body of knowledge is available
elsewhere [9, 11, 21] [22] project failures persist and have been attributed to several
reasons including unsuitability of approaches for the intended task [8-11, 19, 20, 23,
24]. In spite of this extensive stream, the relationship between process knowledge
needs of project members and its relation to the success/failure rate of the project,
however, remains largely unexplored [1-4, 7, 17]. This is especially critical for
projects that are intended to implement systems of systems because process know-
ledge needs of project participants are not only unique across projects but can also
change as a consequence of the emergent behavior of the project.

2.3  Process and Knowledge Management

Several definitions of processes have been offered in prior work, based on varying
perspectives on process and workflows [25, 26, 27]. For example, according to the
Workflow Management Coalition (WfMC), an international standards-setting organi-
zation, a business process refers to “a set of one or more linked procedures or activi-
ties which collectively realize a business objective or policy goal, normally within the
context of an organizational structure defining functional roles and relationships;”
whereas a workflow refers to “the automation of a business process, in whole or part,
during which documents, information or tasks are passed from one participant to
another for action, according to a set of procedural rules” [28]. Both emphasize the
need for answers to fundamental questions such as who does what and when and with
the help of which resources. The many approaches to process design and workflow
management — such as production workflows [26], collaborative processes [27], adap-
tive workflows [25] and others can, in effect, be traced to the variations in timing,
accuracy and confidence in these answers. Therefore, we argue that the problems of
knowledge management are intricately tied to the problems of process management.
There are many approaches and frameworks that deal with knowledge management
[29-32] that may be adapted for process knowledge. In this regard, an early
framework from Nonaka and Takeuchi [33] - popularly known as the ‘SECI’ frame-
work - is useful to understand a key issue: the distinction between tacit and explicit
knowledge. Tacit Knowledge is rooted in action and experience of an individual and
is specific to a given context [33]. On the other hand, explicit knowledge refers to
knowledge that could be articulated, represented and communicated, either through
symbolic forms or through natural language [33]. In the context of business processes
and workflows, these forms of knowledge are analogous to how processes are enacted
in situated contexts by organizational players (using tacit knowledge) versus how
processes codify the expectations of tasks and dependencies across tasks (as explicit
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knowledge). Nonaka and Takeuchi [33] describe knowledge creation — following this
framework — as a continuous process that begins with the tacit knowledge of an indi-
vidual [33, 34], and moves forward as a spiral through the phases of socialization,
externalization, combination and internalization (returning to individual tacit know-
ledge) [12, 33, 34] (see Fig. 1).

Tacit
Knowledge

Socialization Externalization

z
&

Internalization Combination

Tacit
Knowledge

Explicit
Knowledge

Explicit
Knowledge

Fig. 1. The SECI Knowledge Creation Framework [34]

Based on the review of prior work related to building of systems-of-systems (see
section 2.2 above), we argue that for process management issues related to the design
and building of systems of systems, the tacit and explicit knowledge tends to be mu-
tually dependent [25, 35, 36]. Tacit dimensions of process knowledge forms the back-
ground to give rise to a structure to develop and interpret explicit process knowledge
[25, 35]. We, therefore, suggest that these reinforcing qualities are not always ex-
ploited by existing workflow systems, which tend to focus more on the codifying
explicit process knowledge [25, 37] with a view to supporting production processes,
and sometimes, allowing for degrees of variation. Process management systems and
practices rarely, if ever, provide affordances to allow this mutual evolution of tacit
and explicit process knowledge.

Consider, for example, projects that involve the building of systems-of-systems.
Several anecdotes, lessons learned and best practices continue to be accumulated
because of the inherent complexity within each such project. These are often codified
as boilerplate templates (e.g. checklist, forms, effort estimation excel macros, re-
quirements gathering word document and more). As new projects are tackled, it is
likely that these instances of process knowledge (i.e. checklists, forms and other best
practices) codified onto templates may not be fully congruent with the emergent
needs. It is also likely, though, that they may not be totally useless or out-of-sync
either. Parts of some templates may be useful and other parts may not be useful. For
example, the first five sections of Template A might be relevant for Project X, but for
Project Y, only sections 3-7 might be useful. It would therefore, make sense for the
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members and managers of Project X to combine sections 1-5 from Template A with
sections 6-8 from Template B; and for members and managers of Project Y to com-
bine sections 3-7 from Template A with sections 1-2 from Template B.

Such affordances to facilitate recombinations in order to address the mismatch be-
tween process knowledge needs of a project and process knowledge from prior efforts
remains largely unavailable and unexplored [5, 6, 11]. This would require leveraging
and some re-thinking of templates as carriers of process knowledge, and recasting
their role to one that allows the mutual evolution of tacit and explicit process know-
ledge [38]. We elaborate this in the next section.

3 Recombinable Process Knowledge Chunks

The review of prior work above allows us to recast the problems with two fundamen-
tal assertions: first, we conceptualize templates as carriers of process knowledge; and
second, we position templates as facilitators that balance between fluid and institu-
tional domains of knowledge. We develop these two assertions next.

3.1 Templates as Carriers of Process Knowledge

We conceptualize templates as carriers of process knowledge [12, 34] that are created,
stored and retrieved. Consider, for example, the template for specifying requirements
shown in Fig. 2 below. It captures a structure for a requirements gathering task, and
includes pointers that project participants can use to orchestrate the task, including
potential sub-tasks. The screen-shot shows a fraction of a much larger document.
Such documents exemplify the dominant form in which the templates are specified
by IT consulting organizations. They represent systemic knowledge assets [12], i.e.,
knowledge systematized and packaged in forms such as documents, specifications and
manuals. They represent a key milestone in the SECI spiral that starts with tacit
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Fig. 2. A Process Chunk: Part of a Project Template for Gathering Requirements
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knowledge, obtained through work experience (experiential knowledge), articulated
in symbolic form (conceptual knowledge), captured in templates (systemic know-
ledge). This milestone, in Nonaka and Takeuchi’s conceptualization [12], is followed
by moving the templates to practice via routines (routine knowledge). The templates,
as systemic knowledge assets, therefore, provide a visible point of entry as carriers of
process knowledge. They provide the opportunity to move across the tacit-explicit as
well as the individual-collective dimensions, as they contribute to the knowledge
creation spiral.

3.2 Balancing Emergent Needs against Best Practices

The research challenge, therefore, is not solely focused on capturing the tacit process
knowledge and making it explicit in the form of, say, procedures and templates. In-
stead, we conceptualize the research challenge as designing an approach that would
balance the ‘fluid’ and the ‘institutional’ domains of process knowledge [38]. The
argument in this paper is that processes for projects that must deal with unique situa-
tions should leverage not only past best practices but should also allow room to ad-
dress emergent project needs. The ‘fluid-ness’ would allow appropriation and impro-
visation; the ‘institutional’ would emphasize rules, routines and procedures.

Finding a balance between these two domains [38] is a challenge that we try to ad-
dress. We do this by conceptualizing a mini-spiral within the larger SECI spiral that
allows individuals to balance situated performance with codified practice (see Fig. 3).

Situated Task Performance
and Internalzation

Institutional to enforce

Fluid due to Emergent ! "
known best practices

e Project Needs

Combination of Codified
Best Practices

Fig. 3. The Mini-Spiral within SECI [40]

This mini-spiral — that straddles the Combination and Internalization quadrants in
the SECI framework — is intended to facilitate reuse of process knowledge chunks.
The ReKon platform, described next, is aimed at realizing this possibility.
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4 The ReKon Platform

The meta-model for ReKon builds on the foundations outlined above. The meta-
model conceptualizes process chunks as logical components needed for tasks within
phases of a systems-of-systems development and implementation effort. The physical
template chunks, then, represent instances of these process chunks.

Process chunks and Development projects

Ime L Logical Process chunks

peP Phases in a systems-of-systems development project
tue T Tasks in a systems-of-systems development project
need (1,t,p) Process chunk I is needed for Task t, Phase p {0,1}

Templates and Process knowledge chunks

se S Source Templates

ke K Physical process knowledge chunks

part (k,s) Physical process knowledge chunk k is from source template s{0,1}
instance (k,I) Physical process knowledge chunk k is an instance of Logical

process chunk{0,1}
Retrieval

{k | (retrieve (instance (k,1) | need (Lt,p))}
Retrieval of Physical Process knowledge chunks {k} that represent
instances of Logical Process chunks (1) needed for Task t, Phase p

The simple meta-model provides the foundation for the mini-spiral within SECI (see
Figure 3 above). The users may retrieve and combine process chunks, internalize, and
even contribute to the ReKon repository, continuing the spiral.

4.1 Creating Process Knowledge Chunks from Templates

To populate ReKon, a large set of templates (~1220) were collected from four leading
IT consulting organizations. The classification of templates was facilitated by a ma-
trix of ‘Phases’ and ‘Tasks,” constructed by consulting Project Management Insti-
tute’s PMBOK [22], Lam and Shankarraman’s ‘Enterprise Integration’ methodology
[18] and Brownsworld’s ‘Systems of Systems Navigator Approach’ [1].

Phases include Planning, Market Research, Requirements Gathering, Tool Com-
parison, Design, Development, Assessment, Implementation, Testing, and Deploy-
ment; and Tasks include IP Waiver, Status Reports, Reviews, Statement of Work,
Requirements Declaration, R.F.P Development, Tool Guidelines, Client Interaction
(Knowledge Transfer) and Client Interaction (Knowledge Elicitation). At the intersec-
tion of the Phases and Tasks are Cells, where the fine-granular process chunks are
placed. We created these template chunks through parsing a single coarse-granular
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template into logical task-level units. For example, a client interview protocol
represents a process chunk — a fine-granular knowledge unit - for conducting inter-
views (task) during gathering requirements (phase). Interview protocols available in
multiple templates — say, for different variety of clients (e.g., SMEs, Large Enterpris-
es), or for different types of projects (for e.g., Web Development, Legacy System
Maintenance) - were separated and made available. Project members may access
these (retrieval) and combine to create new templates (target template).

Table 1. Inter-Coder Reliability for Chunking and Coding Templates into the ReKon Matrix

Round | Templates Coded Number of Coders Inter-Coder Agreement
1 122 2 78%
2 122 3 86%

This procedure was done in a structured manner. First, a random sample of 122
documents (approximately 10% of the set) was chosen for the chunking and initial
classification. Coders established common heuristics for chunking and classifying
these templates. After the first round, the chunking and classifications were compared
to check consistency and differences were resolved via discussion. The common
terms were enhanced based on discrepancies and the following discussion. For the
second round, another coder was added, and chunking and coding was done on a sep-
arate random sample of 122 documents (another 10% of the set).

Table 1 shows the results and inter-coder agreement obtained during the two
rounds of coding, which were 78% and 86% respectively, showing high levels of
agreement [41]. The complete set (~1220 templates) were then divided and randomly
assigned to coders who chunked a single template into logical fine-granular process
units, and then assessed the fit for each template to a particular cell in the matrix.
Finally, the templates assigned to each cell were examined to select the best tem-
plates. This involved rules of thumb such as number of sections, thoroughness of
descriptions, and availability of examples. The result includes physical process
chunks (j, k € K) that are instances (instance(k,l)) of logical process chunks (1 € L)
that correspond to knowledge needs (need (1, t, p)) of phases (p € P) and tasks (t € T).

4.2 A Prototype Implementation

The process chunks created as above were used to populate and implement the ReKon
platform. The prototype contained 90 cells in the matrix. Of these, process chunks
could be created for 36 cells from the templates contributed by the consulting organi-
zations. The total number of process chunks in the matrix was 92, that is, an average
of 2.5 process chunks in each non-empty cell. The ReKon implementation was a con-
ceptualized as a simple browser that would give potential users access to the fine-
granular process chunks (Template Chunks) based on a selection of the broad project
phase, and a task within that phase. Two versions of the ReKon project Template
Browser were created to ensure that the front-end did not play a significant role in
how it was perceived. Figure 4 below shows one of the implementations.
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Project Templates Browser
The table gives you access to Parts of Templates for different Tasks that you may perform as part of a
Project. It shows Tasks along the top row, and Project Phases down the left column. Each cell points @

the Best Templates for that Task in that Phase. Upto five Exemplars are included in each cell. Not s
each cell makes sense, and therefore, is not populated.

Browser)|

R.F.P.
Project Developmen
Phase

COMSITAMNTS_T5T_NEPTORGSalT SMpars
\goals and objectives_ist_InitialProposalTemplate. rif
introduction_ist_InitialProposalTemplate.rtf

issues and risks_a_sponsorgoal: t-tmp rtf

scope_ist_InitialProposalTemplate rf Physical Process
tco analysis_a_tcoanalysis-tmp xIs .
chunks, j, ke K | |

executive summary_a_costbenefitanalysistmp rif
explanation of benefits_a_costbenefitanalysis-tmp rf
WELGSSEEEEIM explanation of costs_a_costbenefitanalysis-tmp.rtf
introduction_a_costbenefitanalysis-tmp.rtf

Requirements Phases, p € P

Gathering

Develapment =1

Fig. 4. A Snapshot of the ReKon Prototype

It outlines the Phases along the leftmost column, and the Tasks along the top row.
Choosing a Task in the top row shows the template chunks available to structure the
task for each Phase. The figure shows the Task RFP development and Process chunks
available for this task for the Phases: Planning and Market Research. The two ver-
sions of the prototypes formed the basis for the evaluation effort.

5 Evaluation

Evaluation was conducted in two phases, broadly described as pre- and post- ReKon.
The pre-ReKon phase was carried out to assess users’ evaluation of coarse-grain
templates. The post-ReKon phase then assessed users’ evaluation of process chunks
contained in ReKon. Users were recruited from a second course in a series (titled
Advanced Enterprise Integration) engaged in working on real-world projects to im-
plement integration solutions (systems-of-systems). The Pre-ReKon evaluation, con-
ducted prior to the introduction of the ReKon Platform assessed the use and relevance
of (sections within) coarse-grain templates traditionally used. The students were also
asked to comment on the comparative usefulness of a coarse-grain template versus a
hypothetical scenario where different sections from the template would be available
separately. The Post-ReKon evaluation, conducted after allowing the students a few
weeks to explore the platform assessed concepts such as granularity, size, appro-
priateness of classification and relevance of process chunks, as well as their useful-
ness for project needs. The evaluation was considered formative [42] because its
intent was to provide input to further improving the platform.
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5.1 Results from the Pre-ReKon Assessment

The results from the pre-ReKon assessment provide an interesting snapshot of user
perceptions. The results, (n=28) are summarized below. These prospective users were
asked to respond to several prompts to understand their perceptions about having the
large templates available for reuse versus the possibility of having template chunks
(as process knowledge chunks) available for reuse. Their responses were recorded on
a scale of 1 (agree) to 5 (disagree). For the purpose of this paper, we elect to report on
the responses to two prompts from this assessment.

One prompt, “Although I may not have used all sections, it is useful to have the
complete template,” resulted in an average score of 1.42, i.e., most respondents leaned
towards agreement. The respondents were also asked to provide free-form comments
in response to the prompts. Representative responses included the following:

e useful to have the template because most of the information we have to come up
with ourselves so to have a guide line to fill in is very helpful to the success of
this project

e it is difficult to determine if a section is relevant or not. Figuring out what needs
to be included is work in itself

Another prompt, “It is better to have each section available separately, so we can
create the document we need by combining the sections relevant to our project,” re-
sulted in an average score of 2.42, suggesting much more ambivalence. Free-form
comments in response to this prompt included the following:

e  Most groups will not use all sections and it may be easier to make your own
document

e I'd rather error on the side of caution when it comes to including all possible sub-
sections. Having the sections available separately poses the risk of missing something

The responses indicate strong ambivalence. The apparent paradox underscores the
arguments about balancing the fluid and the institutional. Responses about relevance
of individual sections of the coarse-grain template were also analyzed (See Table 2).

Table 2. Relevance of Individual Sections of the Coarse-Grain Template

Selected Sections Relevant to
Scope Definition 97% of respondents
Project Assumptions and Constraints 91% of respondents
Related Projects 33% of respondents
Test Approach 51% of respondents

Although some sections of the Template were found useful across the board, others
were not considered relevant. Each element in the template was considered not rele-
vant by at least one respondent. These responses provided a baseline that allowed a
move to understand whether the effort to create and classify process chunks, the
ReKon platform, would be perceived to be appropriately structured. Because the users
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were allowed to explore the platform for a few weeks, and assessing because the plat-
form continues to go through refinement, final assessment such as usefulness and
effectiveness were not evaluated.

5.2  Results from the Post-ReKon Assessment

Although 60% of the participants had indicated preference for having template sec-
tions in the Pre-ReKon assessment, the exact nature of these sections was open to
question. During this research, the ReKon platform was populated with process
chunks. The post-ReKon assessment was, therefore, aimed at assessing properties
such as granularity, size, appropriateness of classification, and relevance of process
chunks for project needs. Two separate prototypes were used with different front-ends
for this evaluation, and randomly assigned to two user groups. Other than a significant
difference in the number of minutes spent exploring the prototype, the answers to
other questions did not indicate a difference. Prima facie, this suggests that the user
interface did not influence the outcome, allowing us to report assessment of the un-
derlying process chunks. Table 4 shows the results.

Table 3. Assessment of Process Chunks

Criteria Outcome (N=29)
1. Size of Process Knowledge Chunk _
(1—-"Too Small ; 5 — Too Long) 2.65 (SD=0.93)
2. Knowledge Needs satisfied by a Process Knowledge Chunk
(1 — All needs ; 5 — Very little Needs)
3. Relevance of Process Knowledge Chunk
(1 — All relevant ; 5 — None relevant)

2.71 (SD=1.01)

2.82 (SD=1.02)

In addition, the respondents were asked to assess whether there were ‘too many’ (1
on the scale) or ‘too few’ (5 on the scale) process knowledge chunks in a cell. For this
question, two cells were chosen: one with 3 units, and another with a larger number
(6+) of units. The respondents’ answers were 3.27 and 4.27 respectively for these two
cells. The results are encouraging because it is difficult to operationalize rules of
thumb such as how large a knowledge unit should be, and how many process chunks
should be available for a task/phase combination. A more direct assessment was pro-
vided by whether the process chunks satisfied knowledge needs (Item 3 in the table
above), and whether the knowledge unit was considered relevant (Item 4 in the table
above). These were assessed for a knowledge that the participants randomly chose.
The overall results for classification, however, indicated that a given knowledge unit
could be classified under multiple phases and tasks pointing to additional future work.

Un-structured comments from the respondents provided further understanding of
the results. Many participants suggested that additional meta-data, or “further expla-
nation may be needed in the templates. ... to have a better understanding.” One par-
ticipant suggested that a“... quick view feature that open it up in a tiny thumbnail to
view” would let them locate and retrieve appropriate information more quickly.
Several participants commented that some process chunks need to be more granular
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as “some of the "chunks" ... should possibly be re-worked to make them easier to
understand”. A few felt that it was more helpful “to have one complete document to
look (at) and ...then fill in the sections that are relevant to our project”. Together,
these responses and not only provided formative feedback, but also added further
support to the underlying proposition of the need to balance the ‘fluid’ and ‘institu-
tional” domains of knowledge [38].

6 Conclusion

Designing and deploying processes for large projects that are characterized by scale,
complexity and significant variations is a difficult problem. The problems presented
by projects aimed at building ‘systems-of-systems’ provide a useful domain to study
these process design and deployment concerns. The traditional response to process
design — packaged and delivered as methodologies for systems development and
maintenance [1, 2, 17] — is clearly inadequate in this context. We have traced this
concern to the problem of meeting process knowledge needs of participants in such
projects.

In our work, we have recast this problem as one that requires balancing two con-
flicting demands — use of institutionalized work practices, often codified as templates
that provide anchors to the organizational processes, and ensuring fluid-ness that is
required due to the varied and emergent project needs. The solution we have proposed
rests on a refinement of the SECI framework [33], with addition of a mini-spiral [40].
The paper describes a platform that contains process chunks, and allows project man-
agers to reuse and recombine these process chunks, as needed. The paper also de-
scribes the meta-model that underlies the process chunks and their organization within
the platform, which is populated with physical process chunks created from more than
1,200 templates contributed by four leading consulting organizations.

Evaluation results indicate that the fundamental ideas underlying recombinable,
fine-granular process knowledge assets are likely to be valuable for configuring new
processes in response to large, complex and varied projects (similar to those involving
the building of systems of systems). Our future research is aimed at improving the
ReKon platform based on feedback obtained, employing the platform in other do-
mains to understand the possibilities of creating, storing and recombining process
knowledge chunks, and additional empirical studies to further understand effective-
ness of the ideas, both as a mini-spiral that facilitates reuse of process knowledge
chunks, and its potential implementation as a platform described in this paper.
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Abstract. The relevance of the knowledge involved in organizational activities
has already been addressed since earliest management theories. In this context,
several works in the literature discuss how a so-called Knowledge Intensive
Process (KIP) may be better understood and managed. The first step towards
these goals is the identification of its elements. This is not a trivial task, since
KIP involve many subjective and complex concepts that are typically tacit to
stakeholders, and thus subject to different interpretations. However, a common
interpretation of a KIP among all its participants is essential to prevent commu-
nication and comprehension problems. This paper presents an ontology that
defines concepts and relationships of a KIP. We discuss the results of an explo-
ratory study where a KIP was described by its participants in a collaborative
manner, using a storytelling technique. The goal was to explore the use of the
ontology as a basis for identifying the elements within the process description.

Keywords: Knowledge Intensive Process, Knowledge Intensive Process
Ontology, Process Representation.

1 Introduction

A Business process is a set of resources, together with interrelated and interactive
activities, that transform inputs into services or products (outputs). Typically, business
processes are planned and carried out to add value to the organization. A business
process may be represented by a business process model (and its corresponding dia-
gram in a graphical notation), which usually comprises the control flow of well-
structured activities that an organization performs to achieve its objectives.

However, this traditional way of representing a process is not suitable for the so-
called Knowledge Intensive Processes (KIP). This type of process comprises se-
quences of activities based on intensive acquisition, sharing, storage, and (re)use of
knowledge, so that the amount of value added to the organization depends on the
actor knowledge. They are naturally more complex, since they deal with diffuse and
tacit definitions, unpredictable decisions, creativity-oriented tasks and paths, dynamic
execution that evolves based on the experience acquired by the actors. All these
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© Springer-Verlag Berlin Heidelberg 2012
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characteristics difficult the identification of well-structured activities and their control
flow in a KIP, as well as KIP representation as a whole. The work of Nurcan and
Edme [20] supports the representation of business process with low or high structure,
considering in first line its objectives and strategies linked to an intentional driven
modeling. Following this understanding, the representation of the process becomes
operational, thinking about activities that comprise the process.

Some traditional process modeling approaches like Event Driven Process Chain
(EPC) [11], Business Process Modeling Notation (BPMN) [15], Process Specification
Language (PSL) [21], and Business Process Modeling Ontology (BPMO) [2]; have
been adapted to allow the representation of the intrinsic elements of knowledge within
business processes, but these methods do not include all the features necessary to
describe a KIP. Besides, the literature shows a set of approaches dedicated to highly-
intensive knowledge processes representation including Business Process Knowledge
Method (BPKM) [16], Knowledge Transfer Agent (KTA) [23], DECOR [1], Com-
monKADS [22], Knowledge Modeling Description Language (KMDL) [9], and the
work of Donadel [3]. However all of them, as well as traditional process modeling
approaches, do not reach all the KIP relevant elements, as shown in [5].

Based on the difficult to represent and organize the knowledge involved in inten-
sive knowledge processes, the Knowledge Intensive Process Ontology (KIPO) was
proposed in order to address existing limitations through a new approach that consid-
ers the concepts of KIP that relate to traditional business processes [5].

In this paper, we discuss the results of an exploratory study where a knowledge in-
tensive process was described by its participants, in a collaborative manner, using a
storytelling technique. The goal was to explore the use of the ontology as basis for
identifying the elements within the KIP narrative and organize the knowledge in-
volved in its description. The paper is organized as following form: Section 2 presents
related work about modeling KIP; Section 3 describes the KIP ontology; Section 4
discusses the exploratory study and Section 5 concludes the paper and highlights fu-
ture perspectives of this research.

2 Knowledge Intensive Processes

The Process-Oriented Knowledge Management approach intends to organize and
support the organizational processes, as well as to describe the conversion of know-
ledge within the process. Its objective is to identify, model, analyze and optimize
knowledge intensive processes [10].

2.1 KIP Fundamentals

According to [18], KIP are sequences of activities based on the acquisition and inten-
sive use of knowledge, regardless the business type or size. KIP can only be partially
mapped through a traditional process model, due to unpredictable decisions and tasks
guided by creativity. For [9], new objects of knowledge or information are created by
the conversion of existing ones in the process.
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Gronau et al [9] propose a list of requirements for modeling KIP based on: (i)
Modeling goals: Which goals shall be reached with the modeling? Are they only do-
cumentation purposes or do they require an analysis of weak spots and definition of a
new process? (ii) Integration of process and knowledge: There should be a unique
approach that combines or integrates the process definition with the flow and transfer
of knowledge. (iii) Tacit knowledge: Which definition and appreciation of knowledge
is used by the models approach? Is there a differentiation between explicit and tacit
knowledge? (iv) Knowledge conversion: Are different mechanisms of knowledge
conversion considered and expressed separately in the process model? (v) Knowledge
flow: Is there a differentiation between information flow and knowledge transfer? (vi)
Offer and demand: Is it possible to indicate in the model differences between the offer
of knowledge and its demand? (vii) Person-related knowledge: Is the modeling of
knowledge restricted to organizational units or is it possible to show knowledge
bound to persons? (viii) Comparison of intended and actual level of knowledge: Is it
possible to compare the knowledge levels required for jobs with the knowledge
people actually have? (ix) View representation: Is it possible to navigate through the
models using different views? (x) Knowledge map: Is it possible to generate know-
ledge maps from the results of process modeling?

Moreover, to enhance the representation of knowledge to business processes, [3]
highlighted the key features required to support a KIP as follow: (i) The guidance
value stream, making it easier to obtain results with the representation. (ii) Represen-
tation of the business model, integrated with the knowledge representation to add
value to knowledge within the business structure of the organization. (iii) Prioritiza-
tion of tasks for the organization of knowledge of what actions should be performed
first. (iv) Artifacts of knowledge when there is a need to differentiate knowledge re-
presentation from business representation. (v) Dynamic artifacts to enable the repre-
sentation of the dynamic elements that behave differently depending on the context.
(vi) Representation of knowledge skills involved in each process. (vii) Concepts do-
main to enable the contextualization of the representation environment.

According to the above mentioned, organizing the knowledge in processes like this
is not an easy task. Besides, KIP commonly presents a diversity of information
sources, and its execution involves many participants and the assistance of many ex-
perts, who carry out actions with high levels of creativity and innovation [10]. Several
process modeling techniques are found in literature as likely to represent KIP.

2.2  KIP Representation Approaches

The CommonKADS [22] focuses on knowledge representation. Various stages of
modeling attempt to establish a structured approach so that knowledge can be
managed with the support of technical and engineering tools. Three basic points cha-
racterize these demands: the details of the skills involved in process execution, the
representation of the processes through artifacts and semantic analysis, and the oppor-
tunities for improvement regarding the process and use of knowledge.

The BPKM - Business Process Knowledge Method [16] - presents a meta-model
for integrating business process modeling aspects with Knowledge Management.
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This meta-model transcribes the four perspectives of a workflow: task (which tasks
are executed in the workflow process), organizational (who performs the specified
task), logical (in which order these tasks are executed), data (which data is consumed,
produced or exchanged between tasks). The meta-model was extended to include
knowledge management tasks that support business processes (knowledge perspec-
tive) represented by the elements: Knowledge Management Task, Knowledge Object
and Knowledge Archive.

The Knowledge Modeling Description Language (KMDL) [9] represents tacit
knowledge of the process, besides the explicit knowledge. Thus, the different possi-
bilities of knowledge conversion can be modeled and the flow of knowledge between
actors is depicted. Two other approaches of knowledge representation are the Know-
ledge Transfer Agent (KTA) Modeling Method [23] and the DECOR Project [1]. The
first describes how to create knowledge transferring models. The method consists of
modeling in three distinct level of detail and possibilities of analysis. DECOR Project
delivery context-sensitive organizational knowledge and has its focus in representa-
tion of knowledge processes across diagrams embedded in organizational memory. In
the method proposed by [3] the value chain of the organization is mapped and the
aspects of knowledge that can influence the organizational processes are represented.

The main deficiency observed in those proposals is that none of them includes or
addresses all the requirements discussed in literature. Besides, they do not clearly
represent important characteristics of KIP, such as: agents that influences the actions;
dynamic aspects; collaboration; communication and interaction among actors while
they produce knowledge; decision making rationale based on experience and creativi-
ty; and rules that might interfere on agents decisions. Moreover, some proposals do
not differentiate between tacit and explicit knowledge [16][3][23][22]; and others do
not address the representation of artifacts and dynamic aspects of processes and mod-
eling agents [9].

Based on this analysis, the following sections present the Knowledge Intensive
Process Ontology [5], which identifies KIP characteristics, and was built to represent
the concepts and relationships of a KIP more adequately, providing a common and
precise understanding about what exactly is a knowledge intensive process and what
takes place in a KIP environment.

3 The KIP Ontology

Ontology is an explicit and formal representation of a shared conceptualization [7]. It
is used to create an unequivocal abstraction of reality; one that is comprehensible by
humans, for communication purposes. Based on the limitations of the methods de-
scribed in the last section, we propose an ontology to precisely represent the concepts
of this domain, thus providing a common understanding of a KIP environment. The
high level Knowledge Intensive Ontology (KIPO) [5] is presented in Figure 1, which
highlights the five components proposed for KIP conceptualization: Collaborative
ontology, Business process ontology, Business rules ontology, Decision Ontology,
and Knowledge Intensive Process Core Ontology (KIPCO).
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The Business Process Ontology (BPO) component is based on the BPMN meta-
model [15]. Although it is difficult to display a KIP with all the details of their flows
and information previously defined, this is not reason to dismiss the properties applied
in the modeling and description of knowledge in structured business processes. In a
high level of abstraction, a KIP may be represented as a set of (macro) activities, typi-
cally with a simple control flow among them.

The Collaborative ontology was developed by Oliveira [14]. The author defines coop-
eration as essential to the evolutionary process; communication as a process where
people can exchange information, express wishes, emotions and ideas; and coordination
as representation of domain elements that are used to promote organization and harmony
between concepts of communication and cooperation ontology. These elements are re-
quired due to the high degree of tacit knowledge exchanged among stakeholders, since a
KIP may evolve along each instance, according to the participant’s interaction. The lite-
rature also cites [19] that proposes a process meta-model, which can deal with both well-
defined and wickled work procedures and their interactions. However, its focus is on
cooperative work processes representation and the interest of KIPO is to understand the
cooperation, but the communication and coordination inherent in a KIP too.

The Decision Ontology (DO), presented in [17], makes it possible to adequately
explicit all the rationale followed by a professional when making a decision, including
the representation of which factors led a stakeholder to make a particular decision.
The Business rules ontology is based on [12], and enables a precise and correct repre-
sentation of the domain rules in which the KIP will be instantiated.

The Business Rules Ontology follows the proposal from Lopes et al [12] that
describes the set of Business Rules that restrict a KIP domain. Business rules are rele-
vant for a KIP since it typically defines restrictions that must be followed in the do-
main of a KIP, and that are the reason for several decisions made by a KIP executor.

The core component of KIPO is the Knowledge Intensive Process Core Ontology
(KIPCO), which contains specific KIP elements specializing BPO concepts. KIPCO
concepts are further described in this section.

Figure 2 illustrates the proposed KIPO (Knowledge Intensive Process Ontology) in
Unified Modeling Language (UML) notation, where gray items are reused from the
UFO (Unified Foundational Ontology) formalization [8]. Although some of the KIP
properties are addressed by the above-mentioned sub-Ontologies that compose KIPO,
the appropriate representation of a KIP requires additional elements/concepts, and
relationships. By directing attention to the construction of KIPCO that is core of
KIPO, its construction methodology was directed by the five questions from Table 1
that are considered the questions of competence according to the methodologies like
[13]. More details about KIPCO construction are described in [5].
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Fig. 2. Knowledge Intensive Process Ontology — KIPO

As shown in Table 1, the answers aim to elicit characteristics of KIP for the com-
position of KIPCO and consequently for the composition of KIPO, as a whole. For
example, as KIP are processes that have the influence of, the first question focuses on
the definition of agents that must interact in such processes. Impact agents and Inno-
vation agents are considered as KIP actors. The second question is concerned with the
type of interaction that occurs in KIP. Since these processes are highly dynamic and
part of knowledge is tacit, many interactions occur informally among the agents to
solve problems, make decisions, cooperate within the process execution, and build
new knowledge.

The goal of KIPO is to organize the knowledge involved in KIP, and for that, ab-
stractions of the real world must be made. Possible abstractions correspond to the
business processes itself. Finally, Table 1 describes which data are exchanged in KIP
and which is manipulated and constructed within such processes. The answer is men-
tal models, contingency and decisions.

Regarding the definition of products generated and manipulated by a KIP, their re-
levance lies in discovering where knowledge is registered to possibly be reused.
These products incorporate the knowledge; the perception; the structure in which
knowledge is organized; the mental image developed on the agents minds, and the
assertions that might present the knowledge formalism.

KIPO may be considered as the consolidation of the concepts from all its compo-
nents and their relationships. While current KIP modeling methodologies do not fully
consider these concepts, the KIP ontology includes them. It is up to the process mod-
elers to appropriately choose a methodology that addresses the different concepts
presented in the KIP ontology, allowing the knowledge generated by the process in-
stances to be modeled, stored and reused.



52 J.B. dos Santos Franca et al.

Table 1. Questions used to build KIPCO

Group Concept Definition
This agent performs many tasks at once. The necessary know-
What types of . . . .
acents must Impact Agent ledge to execute KIP actions, normally is found in agent tacit, or
ag . is based on previously experiences.
interact during a - - - —— - -
KIP? Innovation One who is responsible for solving issues in the process with
) Agent innovation and creativity.
How the interac- . .
. . Informal Exchange that occur informally, face to face, or based in docu-
tions oceur in a Exchange mentation
KIP? 8 :
Business Set of structured activities that seek the transformation of their
Process inputs into services or product.
Which elements Can be semi-structured, structured and unstructured depending
are abstractions Knowledge on your abstraction, possessing a high degree of dynamism in
of the real world? | Intensive the objectives’ change, high complexity, and dependent on
Process the explicit and tacit knowledge of people involved in the
process and the activities that compose it.
Mental Model Allows interpretation and improvement of information that
create knowledge.
Through of what — — -
. . . Significant dependence in influences the environment. Tells
the information Contingency . . . -
. what motivated interference in the execution process.
are transmitted? - - —
Decision Identifies information related to the decision as a whole. Informs
the solutions taken by the agents so that the process is executed.
Experiences, values, contextual information and insights that
create a framework for improvement and incorporating
Knowledge . . . . .
new experiences and information. The knowledge is derived and
applied in people's minds.
Organizational . . . .
What are the 8 The structure in which knowledge is organized.
elements pro- Structure
duced by, or Knowledge Organization still remain in the mental sphere. Is
. Mental Image . . .
manipulated developed on the agents with basis in the knowledge built.
during, a KIP? They are representations of sense completely abstracted, capable
Assertion of verbal expression. Present the formalism of knowledge built
in process explained.
Perception Egg)rffssents the action of perceiving the message exchanged by

4 Exploratory Case Study

A case study is an empirical research strategy applied to investigate contemporaneous
events in their real-life context; those in which the frontier between the analyzed
event and its context is not clearly defined. By following this strategy, the researcher
has little or no control over the events; therefore he/she cannot manipulate a relevant
behavior [24]. In a case study approach, exploratory studies are suggested to conduct
initial investigations over a phenomenon in order to build or refine a hypothesis or a
theory; explanatory studies, on the other hand, are then applied to confirm or deny the
hypothesis or theory [4].

In this work, we conducted an exploratory case study in order to investigate the
KIPO [5] with regard to two perspectives: (i) its adequacy for modeling a real KIP;
and (ii) its comprehensibility by the stakeholders involved in the KIP execution. More
specifically, we evaluated the usage of the KIPO as a basis for discovering elements
that characterize a KIP from its description.
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The exploratory study was conducted by three analysts in the context of a post-
graduate course, and they have deep knowledge about the KIP reported. Applying the
Storytelling [6] technique, eight first-year master students were asked to collabora-
tively tell a story describing the process of elaborating a master thesis, using the
TellStory application [6]. During 15 days, each student accessed the tool to create
story events that he/she found important for this process and to express their opinions
about other events created by another colleague. To come up with a unique and colla-
borative story, they interacted with each other in an asynchronous way through the
tool, highlighting their points of view, reporting their previous experiences and ar-
guing about what was likely to be done in different ways, based on specific know-
ledge that each one had about a given activity. The analysts did not interfere during
the story telling.

At the end of this stage, the history produced by the students was handed to the
three analysts, who were asked to separately identify concepts and relationships in-
stances from the KIPO within the story text. Each analyst mapped knowledge ele-
ments and built his/her instance of the ontology. Since the focus of the exploratory
study was on identifying knowledge elements and instantiating them using the ontol-
ogy, and not on the modeling language being adopted, this decision was left to the
analysts; therefore, each analyst modeled his/her ontology instance using the notation
of his/her choice, as long as it comprised notational constructs for concepts and rela-
tionships among them.

The analysts were also instructed to report cases in which some identified know-
ledge element had not a corresponding class in the ontology. Figures 3 and 4 illustrate
two out of the three elaborated KIPO instances.

The story told by the students was grouped into eight activities: Select theme, Set
main purpose and specific goals of research, Identify a research problem, Search
literature related to the research problem, Review theme and issues, Propose a solu-
tion for the problem, Define research method, and Write dissertation. This organiza-
tion was carried out to promote the discussion of the actions conducted by students in
this KIP. As an example, about the activity "Select theme", the following information
has been reported (according to passages extracted from the story):

Participant 1: "Writing the dissertation is the most important and relevant stage of
the process; it could lead to an important goal..." "For some people the choice of the
theme occurs before starting the course. For others, the issue arises on the basis of
ideas developed by teachers and classmates... ";

Participant 2: "I think the theme will also depend on the supervisor.";

Participant 3: "I think this issue is the easiest. The major obstacle is finding a niche
to think about a problem and its solution.”

Analyst 3 identified ten concepts within this part of the history, which, according
to KIPO, are found in the Business Process Ontology (BPO), Knowledge Intensive
Process Core Ontology (KIPCO), and Decision Ontology (DO). The concepts of BPO
correspond to the activities of KIP. The concepts pointed by KIPCO are related to
knowledge, informal exchange, mental model, impact agent and innovation agent.
Finally, concepts of decisions to be made and alternatives chosen were also identified.
These concepts are listed bellow and appear in the instance of KIPO in Figure 3.
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BPO::Activity::Write paper

BPO::Activity::Select interest theme

KIPCO::Knowledge::Select research goal
KIPCO::Informal_exchange::exchange the ideas developed by students and
teachers

KIPCO::Mental_model::Identification of problem to be worked
KIPCO::Mental_model::Actions to be taken to solve the research problem
KIPCO::Agent_Impact::Student

KIPCO::Agent_Innovation::Student

KIPCO::Agent_Innovation::Supervisor
Decision_Ontology::Decision::Decide when to select the theme
Decision_Ontology::Chosen_alternative::Select theme before get in course
Decision_Ontology:: Chosen_alternative::Select theme from ideas exchange
Decision_Ontology:: Decision::Decide research theme

Analyst 2 identified nine concepts. The concepts supported by KIPCO are related to
Structure Organization, Knowledge, Innovation Agent, and Impact Agent. The DO
provided concepts concerned with decisions to be made in the process, regarding the
definition and solving of the research problem, besides the research topic. The con-
cepts identified by the Analyst 2 are listed below and are present in the instance of
KIPO in Figure 4:

KIPCO::StructureOrganization:: Write Dissertation
KIPCO::Knowledge::Problem Solving
Decision_Ontology::Decision::Research Problem
Decision_Ontology::Decision::Define Goals
Decision_Ontology::Decision:: ResearchProblem
Decision_Ontology::Decision::InterestTopic
KIPCO::Agent_Innovation::Supervisor
KIPCO::Agent_Impact::Supervisor
KIPCO::Agent_Impact::Student

The analysts focused on identifying instances of the KIPCO sub-ontology, since it
contains the core KIPO concepts for a KIP. Nevertheless, we argue that the results of
this exploratory study show the applicability of this ontology in identifying relevant
knowledge elements from a KIP description. The instance created by Analyst 2 (Fig-
ure 4) contains 2 relationships that were not prescribed in KIPO: the instance
represents that a perception can develop knowledge (while in KIPO a perception de-
velops mental model), and that informal exchange develops a perception (while in
KIPO an informal exchange increases contingency).

Table 2 shows how each knowledge element found in the story text was
represented by each analyst in his/her ontology instance. For example (line 3), a Stu-
dent was represented as an Innovation Agent by analyst 1, as an Impact Agent by
analyst 2, while analyst 3 considered a Student as both Impact Agent and Innovation
Agent. This table has been consolidated jointly by the three analysts. They tried to
approximate semantically the terms used by each one as much as possible.
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Table 2. Knowledge elements mapped according to KIPO

Knowledge element Analyst 1 Analyst 2 Analyst 3
Build dissertation Knowledge Intensive Knowledge Intensive Knowledge Intensive
Process Process Process
. Impact Agent )
Supervisor Impact Agent Innovation Agent Innovation Agent
. Impact Agent
Student Innovation Agent Impact Agent Innovation Agent
Related work cited in Contigency
literature related to the Informal Exchange Mental Model Perception
topic (Collaboration Ontology)
- . Mental Model
Research problem . Decision (Decision -
identification Contingency Ontology) Activity (Process Meta:
model)
Activities to be performed -
in order to solve the Contingency Knowledge Mental Model e Activity

problem

(Process Meta-model)

Define the research goals

Decision (Decision
Ontology)

Decision (Decision
Ontology)

Activity (Process Meta-
model)
Knowledge

Idea Exchange by
students and teachers
(meetings)

Informal Exchange

Informal Exchange

Informal Exchange
Activity (Process Meta-
model)

Supervisor does not know
the topic chosen by the
student (supervisor
domain)

Informal Exchange

Contingency

Contingency

Decision (Decision

research problem

Ontology)

- - Ontology)
Decide interest topic Contingency Decggtr:) I(oDe():|3|on Knowledge
9y Activity (Process Meta-
model)
Search .
references/Review Mental Model Mental Model G (Ir;(r)cac:)s SIEE
references
Write dissertation Mental Model Structure Organization Activity (n':g:;:)s s Meta-
. Decision (Decision Decision (Decision Activity (Process Meta-
Define research method Ontology) Ontology) model)
What to consider while
choosing the research X Mental Model Mental Model
topic
References about the Perception
topic chosen X bl et = (Collaboration Ontology)
Chose the topic from X Perception Alternative chosen
ideas exchanged (Collaboration Ontology) (Decision Ontology)
Interest topic X Mental Image Desire (UFO-C)
Chose the topic before Alternative chosen
starting the course Informal Exchange X L
(personal affinity) (Decision Ontology)
. . - - Decision (Decision
Review topic and Decision (Decision . Ontology) e Activity

(Process Meta-model)

Decision (Decision

the topic definition

Writing planning Ontology) Mental Image X
Problem from the !

P e pe— Informal Exchange Assertion X
Exchanged ideas about X X Perception

(Collaboration Ontology)
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Table 2. (Continued)

Elements that compose

the topic chosen X X Mental Model
Decide the moment to X X Decision (Decision
chose the topic Ontology)
Doubt about the research .

topic to choose X X Contingency
Lack of resources to

help defining the X X Contingency
research goal

Refinement of the Alternative chosen
research problem X X (Decision Ontology)
Refinement of the X X Alternative chosen

research topic (Decision Ontology)

Activity (Process Meta-

Define research activities X X

model)
Define supervisor X X Activity (Process Meta-
model)
Study research methods X Informal Exchange X
Adequacy of research
method X Knowledge X
Conclusion deadline X Contingency X
. . Perception
Necessity to review .
literature (Collaboration X X
Ontology)
Hypothesis Informal Exchange X X
Results Accuracy X Perception X

Result Analysis and Discussion

The third Analyst elaborated an ontology instance (Figure 3) that covered a larger
number of concepts and relationships from the KIP domain, when compared to the
second Analyst (Figure 4). This occurred since Analyst 3 knew more about the ontol-
ogy, thus better understanding its concepts applicability in several scenarios.

No new classes were identified, that is, the concepts contemplated in KIPO were
sufficient to identify all KIP elements present in its description. Only two new rela-
tionships were presented by Analyst 2. It points to the adequacy of the ontology to
represent the process described. Figure 5 depicts the analysis of the mapped elements
among all three analysts: 35 elements were mapped; 37% were found in all three in-
stances, and 23% were mapped by at least two analysts, who classified them different-
ly. Some elements were identified only by one analyst, which represented 40% of the
total number of elements. The third analyst mapped 80% of the elements, and 20%
were also identified by other analysts.

A comparison of the ontology instances points to some difficulties found by three
analysts. All the analysts agreed that the story told by the students was not rich in
details; therefore it was not easy to identify many of the elements. The divergence in
the elements mapping was also due to the fact that each analyst had a distinct interpre-
tation of the described process. This was somehow expected, due to the inherent and
well-known ambiguity of natural languages.
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analysts

Figure 6 presents a ranking analysis of the elements mapped by the analysts. This
analysis shows that different classifications were the most part (80%). This is an indi-
cation that the ontology does not yet provide a good common vocabulary for analysts.
The analysts reported that they have had trouble in understanding the meaning of each
ontology element; thus, we can conclude that the description of the concepts is not yet
been clearly shown by the author.

These concepts only became clear after a meeting conducted by the ontology au-
thor with the analysts to review Table 3. This enabled a deeper understanding of the
concepts. Thus, another possible conclusion is that the differences in classification of
the elements are associated with the fact that concepts descriptions are not clearly
provided. Based on it, the need for more relationships pointed by Analyst 2 may have
been caused by his difficulty in understanding KIPO.

5 Conclusions

This work presented a case study that explored the conceptualization and representa-
tion of a knowledge intensive process (KIP) based on the Knowledge Intensive
Process Ontology (KIPO) previously proposed. We evaluated the potential of the
KIPO in providing the knowledge organization and an adequate understanding of a
KIP. The exploratory study was conducted by three analysts, who generated Ontology
instances representing the KIP of elaborating a MSc dissertation. The Ontology in-
stances were generated in a collaborative manner, using the TellStory [6]. The results
showed that the set of concepts and relationships (together with their properties) of
KIPO were enough to act as a structural model for the KIP being addressed.

The study also evidenced that some Ontology concepts required a more detailed
description, to enable a more explicit differentiation among them and facilitate their
identification in real scenarios, We also observed that the Ontology instance elabo-
rated by the analyst who had proposed KIPO was richer (that is, containing more
concepts) than the other 2 elaborated by the other two analysts. This result evidences
that the KIP conceptualization represented by KIPO should be better explained to be
fully internalized and comprehensible to be applied. Finally, our reflections on the
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results from this study led us towards the evolution of KIPO, especially with regard to
their concepts descriptions, so that its elements are presented with less ambiguity,
thus achieving a higher precision in the Ontology model and its instantiation.

The limitations of our study include the lack of details in the story that described
the KIP being addressed, thus making it more difficult for the three analysts to map
knowledge items to the Ontology concepts. The representation of distinct ontology
elements with similar semantics, as well as the different number of elements in the
three instances, hardened the consolidation of all instances into the same mod-el. All
the obtained results point to the need of a more precise conceptualization for KIP,
using a foundational ontology as a basis, such as DOLCE or UFO.
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Abstract. The literature on Business Process Management (BPM) confirms the
importance of establishing process ownership but conventional approaches as
BPMN or EPC do not offer a way to represent the process owner. The aspect-
oriented business process (AO-BPM) approach makes this issue more
prominent because of the separation between crosscutting concerns and the core
elements of a process. In this paper we present a way to represent the ownership
based on the Strategic Actor model from i* and incorporate this approach to the
EPC meta-model. We also provide a proof of concept by means of an example
that illustrates our solution.

Keywords: Business Process Management, Process Owner, Aspect Owner,
Business Process Models, Crosscutting Concerns, Strategic Actor.

1 Introduction

In this paper we argue that process ownership information should be considered in the
context of business processes models. We understand that the available
representations schemes, aka meta-models, for Business Process Management (BPM)
have left out capabilities for representing information regarding process ownership.
This came to our attention in the context of improving business process models with
the aspect-oriented view (AO-BPM) [1], where we understand that in bringing up
crosscutting processes we would need to be more careful about process ownership. In
particular, it is important to stress that, in general, representation schemes for BPM
just have the possibility of naming an actor for a given lane. However, in most cases,
this actor represents either the organization sector or the person who carries out the
workflow. Ownership is a more complex concept and should not be left out from the
BPM model as it brings out several benefits.

Given this context, we started to work in proposing a representation scheme to fill
this gap. The general requirements for this representation can be generalized as
follows: a) to be able to describe ownership, b) to be able to differentiate among
design time and operation time, c) to be able to provide integration with existing BPM
models, d) to consider that processes can be of crosscutting nature to other processes.

I Bider et al. (Eds.): BPMDS 2012 and EMMSAD 2012, LNBIP 113, pp. 61-75] 2012.
© Springer-Verlag Berlin Heidelberg 2012
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Our proposal is framed on the actor model presented in i* [2] [3]. In the i*
framework, the concept of strategic actor is central for representing the strategic view.
According to [2], the strategic view helps achieving a deeper understanding of an
organization. The Strategic Actor Diagram (SAD) [3] is a model that explicitly
represents the actors in the context of intentional modeling. Thus, the SAD was
chosen since process ownership should be anchored on owner’s intentions (goal,
objective). However i* is not a compatible BPM model, since it does not represent
process or processes flows. We adapted the ideas of the SAD in order to propose a
representation schema that would tackle the above enumerated requirements.

To achieve this goal, we provide a review of the literature regarding process
ownership in Section 2. In Section 3 we present some related works about
representation of the process ownership and social modeling. Section 4 summarizes
the ideas of AO-BPM. Section 5 presents our proposal and the argumentation of the
reasons why it covers the general requirements stated above with a proof of concept,
by means of an example. We conclude the paper in Section 6 stressing our results and
laying out the possibilities of research in order to improve our approach.

2 Process Ownership

The process owner is an important element of any business process management
initiative. Hammer [4] has identified two groups of characteristics that indicate how
well the business processes can perform and keep the performance. The first group is
applied to individual processes and the other one to the whole enterprise.

The first group is named process enablers. They determine how well the process
can function over the time. The following elements are part of this group:
comprehensiveness of a process design, ability of people who perform the process,
appointment of a top-level process owner to supervise the process implementation and
performance, match between process needs and organization’s information and
management systems, and quality of the metrics used to evaluate the performance of
the process. The second group named enterprise wide capabilities focuses on the
enterprise capabilities, they are: leadership, culture, expertise, and governance.

The enterprise able to put the elements of the first group in place will have the
capabilities of the second group. These groups are highly dependent on each other.
They are part of a framework, named PEMM (Process and Enterprise Maturity
Model) [4] that help companies to plan and to evaluate their process-based
transformations before executing them. According to this framework, each enabler is
at some level of development. The enterprise can be considered at a given level only
if all enablers belong to the same level, as such the dependence between the enablers
is mutual. The relationship between the groups and process performance is such that,
if organizational capabilities are stronger, there will be stronger enablers and, as
consequence, better process performance.

We highlight the importance of the process owner as an enabler to evaluate process
transformation success as proposed in PEMM [4]. According to Hammer [4], the
process owner is a senior executive who has responsibility for the process and its
results. At level 1 of strength, the activities of this enabler are to identify and to
document the process, to communicate it to all the performers and to sponsor
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small-scale change in projects. At level 2, the process owner articulates the goals of
the process’ performance and a vision for its future, sponsor redesign and
improvement efforts, plan their implementation, and ensure that they are in
compliance with the design. At level 3, the process owner works with other process
owners to integrate processes to achieve organizational goals. At the very top level 4,
the process owner develops a strategic plan for the process, participates in
organizational strategic planning and collaborates with his partners for customers and
suppliers to sponsor inter-enterprise process redesign.

Jeston and Nelis [5] mention the existence of 3 pillars in Business Process
Management: Processes, People, and Technology. The processes refer to the activities
performed by the organization and they are associated with objectives and goals.
People are considered the key to processes implementation. Technology is the
supporting tool to processes and people. People are the core in change management
phases during business process adoption. Hengst et al. [6] list 3 types of stakeholders
usually involved in change management initiatives: the problem owner, the decision
makers, and the analysts or consultants. Each one belongs to one organizational level.

According to [5] there are two categories of management in Business Process
Management. One is the management of the business processes integrated with the
organizational management and the other regards the management of the processes
improvement. In the first category, the managers, owners or administrators of business
processes have some responsibilities such as to specify goals and metrics associated to
the objectives established, to communicate the objectives, goals, and initiatives to the
executors, to monitor and manage the progress of objectives, to motivate the group to
overpass the objectives and to solve process disturbances, and to encourage the group in
identifying process improvements. One possibility to put this kind of management in
practice is the division between senior and middle managers. The former is responsible
for the end-to-end process and the latter is responsible for sub-processes or individual
processes that are part of the end-to-end process.

Kohlbacher [7] states that a business process must have associated a manager with
end-to-end responsibilities. The author presents a research with 44 Austrian metal and
machinery industry organizations where 20.45% confirm that an organization process
centric causes clear responsibilities because of the process owner role. It reduces
uncertainties caused by departmental fragmentation of responsibilities.

In sub-processes or individual processes management, [5] proposes to classify line
managers according to the scope of their activities. Operational managers work with
clearly defined processes and their goals, adjusting human resources and solving
operational issues. Tactic managers focus on possible process improvement and
strategic managers concern the business model and their associated processes.

The other category treats process improvement. They are responsible for the
identification, development, and benefits from the process management. The
responsibilities of these managers are related to the support given to organizational and
business managers in improving their processes, with focus on modifications support to
reach long term objectives. In this group, we can distinguish the manager of business
process management project, the manager of business process management program,
the chief of business process excellence, and the chief of process office.

In the first category the managers concern short term goals and the second category
cares about improving processes with long term goals in mind. It causes some tension
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between both groups because any process modification can harm the ability of
managers to reach their goals [5].

The main activities of the process owner, according to [5], are: to document the
process and to warranty that it is according to the patterns and requirements
established; to improve the process. The process owner is the responsible for the
decisions, change management, and implementation of improvements; to manage the
interface and limits and boundaries of the process; to automate the process; to manage
the process performance; to promote the process.

Jeston and Nelis [5] consider the clear and adequate attribution of responsibility
and accountability of a process as a challenge in Business Process Management.
According to them, an organization can choose to make functional managers
responsible for their part of the process, to make functional managers responsible for
the end-to-end process and to make non-functional managers responsible for the end-
to-end process. Each approach presents some risks as in the functional property of
sub-process, the owner may care just about his process and make difficult to
implement end-to-end improvements that can damage his part. Another important
aspect is the respect of the process owner in the organization.

Larsen and Klischewski [8] confirm that most of the business process approaches
consider the responsibility and design of a process as centralized in only one person —
the process owner who may have sufficient power to organize and direct the way
other actors participate and accept the process reengineering and IT support. The
process owner must be responsible for the end-to-end process and must the pointed by
the organization leader as he needs authority and personal influence to ensure that the
involved make the necessary modification. In order to keep the process owner
motivated, his performance must be directly related to the performance of the process.

Table 1 presents a summary of the above mentioned approaches regarding the
process owner. As each one has a different objective, it is difficult to compare them;
but we can clearly understand the activities and characteristics of the process owner.
In [4], [6], and [8] there is no distinction regarding design and execution level. We
included this information based on software development processes where the design,
implementation and maintenance phases are distinguished. For the best of our
knowledge this contribution is not found in literature.

In summary, the process owner’s attributions include the design of the process and
its operation, which is to ensure that it is followed. In order to make a process
operational, a process owner has to obtain resources, to establish and to implement
tools to facilitate the process execution, to ensure high performance and to interfere to
improve the process always when needed. Another conclusion is the importance of a
process owner establishment for the end-to-end processes with the needed authority.

3 Related Work

List and Korherr [9] present a framework to evaluate business process modeling
languages. According to them, these languages represent some aspects of a business
process and areas of application but there is not a comprehensive evaluation of them.
To solve this issue they proposed a meta-model with a wide range of process concepts
so it is possible to know the core concepts of business process modeling languages
and to perform an evaluation of them.
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Table 1. Summary of process owner activities classified into design and execution level

Author Division Process Owner Activities Level
Hammer [4] level 1 identify and document the process design
communicate the process to all the performers execution
sponsor small-scale change projects execution
level 2 articulate the goals performance of the process and a design
vision for its future
sponsor redesign and improvement efforts, plan their execution
implementation and ensures compliance with the design
level 3 work with other process owners to integrate the execution
processes to achieve organizational goals
level 4 develop a strategic plan for the process design
participate in organizational strategic planning design
collaborate with his partner for customers and suppliers design
to sponsor inter-enterprise process redesign
Jeston & business specify goals and metrics associated to the objectives design
Nelis [6] process communicate the objectives, goals, and initiatives to the execution
management | executors
integrated monitor and manage the progress of objectives execution
with the motivate the group to overpass the objectives execution
A solve process disturbances execution
management - encourage the group in identifying process improvements | execution
short term
management | identification, development and introduction of benefits design /
of the from the process management execution
processes
improvement -
long term
main activities | document the process and to warranty that it is according design
to the patterns and requirements established
improve the process, being responsible the decisions, execution
change management, and improvements implementation
manage interface, limits and boundaries of the process execution
automate the process execution
manage the process performance execution
promote the process execution
Larsen and responsibility and design of process design
Klischewski have power to organize and direct the way other actors execution
(8] participate and accept the reengineering and IT support
responsible for the end-to-end process execution
must be pointed leader by the organization as he needs execution

authority and personal influence
keep the process owner motivated, his performance must | execution
be directly related to the process performance

The languages evaluated were UML 2 Activity Diagram, Business Process Definition
Metamodel, Business Process Modeling Notation, Event Driven Process Chain, IDEF3,
Petri Net, and Role Activity Diagram'.

! This classification was made by the authors; they included languages that were not designed
for business processes, like Petri-Nets and IDEF3.
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The meta-model is composed of 5 perspectives: organizational, functional, behavioral,
informational, and business process context. The organizational perspective is about
where and who performs the process elements. The functional perspective represents the
process elements that are performed. The behavioral perspective represents when and
how the process elements are performed. The informational perspective considers the
informational entities consumed, produced or manipulated by the process. The business
process context perspective describes characteristics such as goals, measures,
deliverables, the process owner, the process type and the customer.

The conclusion of [9] is that behavioral and functional perspectives are well
represented in all analyzed languages; organizational and informational perspectives
are partly supported; and the business process context perspective is not supported.
This is highly important regarding the requirements of our approach abovementioned
in Section 1. The organizational perspective is present in almost all of the BPMLs
(Business Process Management Languages) except in IDEF 3 and Petri Nets as they
have their origin in software development and they do not present the concept of role.
All others languages include this concept. None of the languages represent the
software with an explicit concept. Just AD represents the boundary of the role as
internal or external. The languages AD, RAD, and BPMN use the same concept to
represent all types of process participants (internal, external, software, application,
service, human, role, and organizational unit). According to List and Korherr [9] this
absence of specification prejudices the process enactment. The process owner, part of
the business process context perspective, is not represented in none of the 7 analyzed
languages. This conclusion reinforces the existence of some gaps on business process
modeling, especially this one regarding the process ownership.

Lamb [12] presents a model based on the concept of social actor. According to the
author, this model should help researchers developing Information and
Communication Technology (ICT) studies. This model provides a multi-dimensional
view of the organization member and his use of information and communication
technologies. It contextualizes the organization members, their informational
environments, and ICT. According to the model, social actors are organizational
entities, which have their interactions enabled and constrained by the socio-technical
affiliations and organizational environment, their members and industry. The social
actors have conflicting and ambiguous requirements regarding their activities and the
ways they perform their work. This view considers that the world is constantly
changing and that the globalization influences the organizational relationships. In this
model, the unit of analysis is people and ICT, although the goals are represented in a
simple way [12]. In [11] there is no representation of intentionality. As such, these
proposals are not able to satisfy our requirements presented in Section 1.

The i* framework is perceived as a social modeling framework where the central
concept is the actor. The actor modeling, as a modeling concept, was first used by
Hewit [10] as a way to model the work done in organizations named office work. An
Actor Architecture and method proposed in Artificial Intelligence [11] is conceptually
based in the actor object. In this context, an actor is an active agent that plays a role
according to a script. The actor metaphor was used to emphasize the absence of
separation between control and data flow in the model of [11]. Considering the
Strategic Actor Diagram, in [11] there is no intentionality representation.
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Another approach to represent the way organizations operate is DEMO (Design
and Engineering Methodology for Organizations) [23]. In this approach, an
organization is based on the operational principle of enter into and comply with
commitments through communication. The communication occurs between human
beings who play actor roles. According to this methodology, it is possible to identify
the essence of organizations represented in ontological transactions. The diagrams
used to represent the conceptual models of this methodology have the actor role
concept but the ownership of, in this case, the ontological transactions is not discussed
or addressed. The author shows how data ownership is neglected as one can choose to
set the data owner as the initiator or the executor of the transactions but this work
does not mention any way to represent this ownership.

4 AO-BPM

AO-BPM (Aspect-Oriented Business Process Modeling) [1] was proposed to address
the modularization of crosscutting concerns in business process models. This
approach is based on the Aspect-Oriented paradigm [13] that proposes the
modularization of crosscutting concerns at software code.

AOSD (Aspect-Oriented Software Development) proposes the following
abstractions [13]. Aspects encapsulate crosscutting concerns and take them out of the
core elements in a given specification or implementation. To specify the composition
of an aspect and the core process flow, an aspect contains pointcuts and advices.
Pointcuts are sets of join points. Join Points are the core description elements which
an aspect intercepts. Thus join points allow aspect composition, they are core process
flow elements where the aspect is applied. A pointcut defines an expression with
quantification mechanisms to select the join points to be advised by the aspect. A
pointcut language defines patterns to write pointcut expressions. Advices define the
action to be taken when a join point is reached. They act on a pointcut and can be
configured to do so before (before advice), after (after advice), or around (around
advice) the joint point.

AO-BPM proposes the separation of the business process model into: (i) core
process — where is represented the essence of the process and (ii) aspect process —
where is captured the crosscutting concerns cut across the core process.

The crosscutting concerns [14] [13] appear in conventional models interlaced with
other concepts of a process and scattered in many parts of the process. These
characteristics lead to several business process elements representing the same
concern as they are scattered and tangled all over the process model. The resultant
model has reduced understandability and reuse capability and increased maintenance
overhead. The conventional modularization of business process models and its
abstractions are not able to effectively modularize the crosscutting concerns.

The identification of the aspectual elements in a process model is not a trivial task.
To support this discovery, in [I1] was suggested some heuristics for aspect
identification, they are based in previous work on requirements engineering [15] and
are presented as follows: “(i) if the concept is repeated several times in different
places, (ii) if the concept is used by different other concepts, (iii) if the concept
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reflects an integration of semantically distinct situations, (iv) if the concepts
represents a decision situation from which different options may be taken, (v) if the
concept’s absence does not interfere with the global goals of the whole, (vi) if the
concept can be reused in other domains and (vii) if the concept is very much
independent of other concepts ™.

A process model is composed of processes, sub-processes, activities, rules, events,
data, actors, and connectors (sequence flow, message flow, and association). It was
argued in [1] that all those elements may be identified and represented as a
crosscutting concern. The crosscutting concerns can be identified in the context of the
same process (intra-process) or among different processes (inter-process).

To support the separation between core and aspectual processes, AO-BPM
proposes to represent the crosscutting concern in a specific swimlane to highlight that
a crosscutting concern is orthogonal to the core process as well as to make the
representation of the proposed crosscutting relationships comprehensible. In order to
detail the crosscutting relationship, a quantification mechanism is used. It helps to
make the several references to each join point explicit in a single statement. Fig. 1
illustrates the representation applied in the Change Management Process.

Fig. 1. Aspect-Oriented Change Management Process [1]

AO-BPM applies a symmetric strategy to represent aspects using the same
concepts as the base description language. The graphical representation of the join
points is a ground element near the core process element, allowing the source of the
crosscutting relationships to be the crosscutting element and the target to be the
ground element that represents the join point.

A pointcut language was also specified [1]. It allows stating the different types of
join points which appear in a process model, the points where the aspect acts, and the
moment this is being applied (before, after, during) at the core description, in a textual
format. Basically, it expresses the inclusion of crosscutting concerns in a process. To
do so, the include primitive is the main clause of the pointcut language, used in the
advice part to specify the insertion of a crosscutting concern in a core process.

Cappelli et al. [1] argue that AO-BPM modifies the way that a business process is
elaborated. In this new approach the process ownership, as well as the aspect
ownership, must be established. We may have the following possibilities [16].
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