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Abstract

Over the last few years, the advances in management science and information technology
have transformed the business process management (BPM) discipline into an important topic
for both industry and academy. BPM uses business processes as the means for improving the
operational performance of organizations, and setting processes are at the heart of BPM allows
linking together people, systems, and different organizations to deliver value to stakeholders.
The target of our work is the family of BPM systems. A BPM system is a generic software
system that is driven by explicit process designs to enact and manage operational business
processes. Despite the wide range of topics addressed by the academy on business processes,
there are still aspects not addressed by prior research. A particular problem in this regard
is the mediation between BPM systems and humans. Human interaction in those systems
follows a standard user interface based predominantly on work item lists and forms. Thus,
there is little room for creativity for users. They have not only difficulties in enacting their
processes but also for searching the most suitable one for their needs. It would be more
efficient to let humans interact in natural language. However, process modeling languages
are an insufficient means of capturing and representing the domain of discourse. The present
thesis develops an original approach to agent dialog management for the problem of business
process enactment. The overarching motivation for this work was to design a dialog model
scalable to different domains. The model relies on domain and business process ontologies,
and necessitates a minimum effort of adaptation on ontologies to improve the interaction.
Results indicate the potential of our agent-based approach to generate natural language

interfaces, without needing to rebuild the whole business process model.



Résumé

Ces dernieres années, les progres en sciences de la gestion et de 1’information ont transformé
la Gestion de Processus d’Affaires (Business Process Management, BPM) en un sujet
important, tant du coté de 1’industrie que de celui de la recherche. Le BPM utilise des
processus métiers pour améliorer la performance opérationnelle des organisations. Les
processus métiers établissent un lien entre les personnes, les systemes, et les différentes
organisations, dans le but de créer de la valeur pour les parties prenantes. La cible de notre
travail est la famille des systemes BPM. Un systeme BPM est un systeme logiciel générique
guidé par des modeles explicites de processus métier avec pour objectif d’exécuter et de
gérer des processus opérationnels. Malgré le vaste éventail de sujets traités par ce domaine
de recherche, il reste encore quelques questions qui méritent une étude plus approfondie.
Un probleme particulier concerne la médiation entre les systtmes BPM et les humains.
L’interaction homme-machine dans ces systemes repose sur des interfaces standard basées
sur des listes de taches et des formulaires, ce qui est tres contraignant pour les utilisateurs.
Ceux-ci ont non seulement des difficultés a exécuter leurs processus métier, mais aussi a
trouver le processus métier le mieux adapté a leurs besoins. Il serait beaucoup plus efficace
d’utiliser des dialogues en langage naturel. Malheureusement les langages de modé€lisation
de processus ne permettent pas de capturer ni de modéliser un domaine de discours. Le
travail présent propose une approche originale de gestion du dialogue basée sur des systemes
multi-agents pour 1’exécution des processus métier. La motivation globale pour ce travail fut
de concevoir un modele de dialogue extensible a différents domaines. Ce modele s’appuie
sur les ontologies de domaine, nécessitant un minimum d’effort d’adaptation pour améliorer
I’interaction. Les résultats montrent tout le potentiel de notre approche multi-agent pour
réaliser une médiation automatiquement, sans qu’il soit nécessaire de reconstruire les modeles

de processus métier.
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Chapitre 1
Introduction

Over the last few years, the advances in management sciences and information technology
have transformed the business process management (BPM) discipline into an important topic
for both industry and academy. BPM uses business processes as the means for improving
the operational performance of organizations, and processes are at the heart of BPM, linking
together people, systems, and different organizations to deliver value to stakeholders.

BPM has become a mature discipline, with relevance acknowledged by practitioners
(users, managers, analysts, consultants, and software developers) and academics (see Aalst in
[103]). It could be confirmed by its constant presence among top-ranked information system
conferences [86] [13] [76] [58]. Subjects range from organizational aspects (e.g. process
model analysis, process flexibility and process reuse) to more specific issues (e.g. process
modeling languages, process enactment infrastructures or process mining) [103].

We have a particular interest in a family of systems called Process-Aware Information
System (PAIS). A PAIS is a software system that manages and executes operational processes
involving people, applications, and information sources on the basis of process models (van
der Aalst in [101]). In general, a PAIS follows a rigid approach, enforcing that the enactment
of a process follow precisely what the process model specifies (e.g. traditional workflow
management systems), without much room for flexibility. Needless to say, the process model
is an essential artifact that determine the level of flexibility of information systems.

1.1 Problem Statement

Despite the wide range of topics addressed by the academy on business processes, there
are still aspects not addressed by prior research. A particular problem in this regard is the
mediation between BPM systems and humans. The control structure of the process has a

direct influence on the user experience, but the inverse is also true. According to Weske [110],
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human interaction in those systems follows a standard user interface based predominantly on
work item lists and forms. Thus, there is little room for creativity for the user, since he or she
must wait for the arrival of a work item to interact with the system. Weske also argues that
this crude style of interface has not been considered appropriate for human workers.

Even with a high impact on the human resource perspective, influencing how people work,
this topic does not draw much attention in research and industry (Pesic in [77], Russell and
van der Aalst in [84] and [83]). Recent industrial standards such as BPEL4People [27] and
WS-Human Tasks [26] are efforts aiming at enriching the resource perspective of workflow
technology. However, they only take into account the allocation perspective, neglecting the
assistance for humans during their activities. Also, the complexity of applications is still
augmenting with the emergence of a new generation of pervasive and ubiquitous applications.
This type of system makes use of different modalities of user interface (natural language
with spoken and written interfaces, the use of gestures and virtual reality environments)
that dramatically increase the combinations of actions during the usage of an information
system. According to our vision, we believe that BPM requires research, leading to a new
generation of tools for helping the enactment of processes. They should help users to reduce
the ever-growing load of information, events and various commitments they need to handle.
BPM enactment interfaces should hide the complexity of difficult tasks, by asking clarifying
questions about the process, by performing tasks on behalf of the user, by training the user,
by helping different users to collaborate and so on.

These users have not only difficulties in enacting their processes but also for searching the
most suitable one for their needs. Most of the reasons resides in the fact that process modeling
languages like WS-BPEL [114] and BPMN [73] are an insufficient means of capturing and
representing such a domain of discourse [44]. Several authors have worked on the problem of
querying the process space (e.g. Leymann [60], Hepp et al. [45] [46], Kim and Suhh [52], and
Ribeiro et al. [81]). Most of the approaches are dedicated to providing enough information
to bridge the gap between domain experts and IT members. However, less attention has
given on querying the process space based a story told by the user (e.g. based on assertions,
questions, and directives). We argue that both the issue of poor interfaces and the difficulty
in finding process are sufficient reasons for evaluating alternatives of interaction between
BPM enactment systems and users.

Another aspect that is more a motivation than a problem, but could be an issue for
organizations in the short term is the growing acceptance of natural language (written or
spoken) as a common interface for applications. We have conducted a survey, detailed in
Chapter 3, applied to 50 participants of organizations. The results reinforce our perceptions :

Only 5% of enterprise applications allow natural language written or spoken in their interfaces.
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But more than 80% believe that a natural language interface (written or spoken) as an input
could improve the performance of daily activities and 90% have used personal assistants in
their mobile phones (e.g. Siri from Apple, Google+ or Cortana from Microsoft). As can be
seen, at the time of writing, this type of interface didn’t reach organization at large scale (e.g.
Workflow Systems, ERP’s, CRMs and so on). However, companies will be naturally pushed to
improve their systems, especially those intended for customer services (e.g. banking services,
public services). One natural way to improve enterprise interfaces is to endow applications
with a capacity to understand, even in a limited manner, the medium of information exchange

that is most intuitive to human beings.

1.2 Hypothesis

We hypothesize that the inclusion of a personal assistant agent bridging humans and
traditional BPM systems during the enactment of processes could improve the user experience,
resulting in more flexible and simple interfaces. More precisely, we argue that a conversational
interface could be appropriate for business processes, since, although complexes, business
processes are constrained. That is to say, most of the domain-related keywords are known, as
well as concepts and their relations.

When using a personal assistant, users could request something to the assistant almost in
the same manner that they do to a colleague, using natural language. In some situations, users
have a clear goal in mind, and it is easy for them to formulate an appropriate request (e.g.
“I want to make a deposit”). However, there are cases in which users do not have enough
information to built a proper request. In these situations, a personal assistant could act as
a colleague or a clerk that takes notes and finds a solution when the user goal gets clearer.
So, users could feel more comfortable in describing their state (“I have some money to
invest” or “I have lost my credit card”). The personal assistant might help users to find the
most suitable process to execute, and ask clarifying questions when ambiguities are found.
Personal assistants could also extract useful information during information filling. This set
of facilities is virtually impossible using traditional BPM enactment system interfaces.

This natural interaction between users and BPM systems could allow a more self-service
oriented and configurable user interface. Note that service orientation and self-configuration
is quite common in BPM systems, but mostly from the architectural and integration point of
view. Several BPM systems have modern software architectures that use SOA principles and
Cloud technologies to leverage the overall business process environment [110]. We believe
that personal assistants could put user interface at the same level of flexibility that exists in
the internal architecture of BPM systems. Moreover, personal assistants could improve the
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collaboration in knowledge-intensive business processes, leveraging the existing asset of

organizations.

1.3 Motivation

The new generation of software architectures using SOA principles and the Cloud as a
common infrastructure have opened the door to self-service and configurable applications.
Most of our everyday activities are now relying on “smart” electronic devices of various
kinds, from mobile phones to personal computers and navigation systems. Mobile services
like Siri from Apple and Google Now are leveraging the natural language interface to enable
a variety of functions to be accessed and controlled by end-users without worrying and
memorizing sequences of commands to operate the software.

However, up to now these applications are mostly used for typical mobile applications
like schedule management, Internet search, and entertainment. As these technologies gain
in maturity, the design of appropriate user interfaces for enterprises becomes increasingly
important. Human-computer interfaces of business applications should provide the user
with rich and flexible communication channels while preserving the investment in existing

software assets.

1.4 Contributions of our work

The present thesis develops an original approach to dialog management for the problem
of business process enactment, called PA4Biz (Personal Assistants for Business). The ove-
rarching motivation for this work is to design a dialog model that is scalable to different
domains. The model relies on domain and business process ontologies, yet necessitating a
minimum effort of adaptation on ontologies to improve the interaction.

The contribution of our work is twofold, and could be broken into two categories. The
first contribution is the characterization and description of business processes. The second
contribution is the creation of a conversational interface for the selection and enactment of

business processes.

A characterization of business processes

The contributions to the characterization of business processes are the following ones :
— An approach to describe and build a safe approximation of the capabilities of business
processes. The novelty here resides in the way business processes are represented.
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They are defined in terms of preconditions and effects as inseparable parts. We allow
the description of both deterministic and non-deterministic effects, the latter being
quite useful for describing human tasks and services in non-deterministic scenarios.
Our approach to semantic matching differs from other approaches since it defines
business processes rather than web services.

— A method for querying the business process space. A flexible query mechanism based
on preconditions and effects is a must for organizations with a growing business

process space.

A conversational interface for business processes

The contributions to the conversational interface for business processes are the following

ones :

— A dialog manager adapted to the business process selection problem. User sentences
are interpreted and used as a source for selecting business processes. Users have
different ways of expressing what they want. Sometimes they prefer using assertions
to describe their current situation hoping that their interlocutor proposes a solution.
Others are more direct and state their objectives using questions or directive acts. We
propose an approach based on dialog acts and sentence analysis to select and discover
processes.

— A dialog manager adapted to the business process enactment problem : Business
processes have an independent lifecycle, a workflow engine performs its orchestration.
That is to say, the dialog manager does not have control over events. Participants of the
processes are allocated dynamically, following different strategies. Participants may
be notified at any time, and the dialog manager can handle a series of asynchronous
events.

1.5 Document Outline

The organization of the thesis is as follows :

— In Chapter 2, an overview of the discipline of Business Process Management is
presented, which includes an overview of its lifecycle and the most known techniques
used to represent business process models. Moreover, we present an extensive analysis
of the existing approaches towards flexibility in business process models.

— In Chapter 3, we provide an overview of concepts, tools, and techniques available in
the literature to implement personal assistant agents. First, we discuss the concept

of agents, multi-agent systems and their properties, with a particular focus on the
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business process aspect. We then present the evolution of a personal assistant platform
developed in our laboratory, and its categorization using existing literature. We finish
by showing the results of a survey, conducted to better understand users needs and their
expectations about the capacities of a personal assistant in a corporate environment.

— In Chapter 4, we describe an approach for the characterization of business processes.
We start by presenting a canonical business process model, describing the basic
structure of business processes, the resource, and function perspective. A formalism
to describe the capabilities of business processes is presented, allowing the definition
of deterministic and non-deterministic effects. We finish by outlining our approach
for querying the business process space.

— In Chapter 5, we explain in detail the conversational interface for the enactment of
business processes. We first present our baseline for dialog management, as well as
some examples of applications developed using this platform. We use an illustrative
example to explain the dialog management mechanism and draw some conclusions
and collect requirements to improve the existing baseline. Then, we present the overall
architecture, our dialog manager, and the use of ontologies for the semantic annotation
and information extraction. Finally, the mechanism for the selection, triggering and
enactment of business processes using a conversational interface is described.

— In Chapter 6, we report the realization and evaluation of our functional prototype. First
we present the technical architecture and its components. Next, we reviewed existing
methods for evaluating dialog systems and built an equivalent counterpart application
for comparison purposes regarding business process selection and enactment. We
then describe the evaluation setup and the evaluation process. Results indicate the
potential of our agent-based approach as an alternative interface, without needing to
rebuild the whole business process model.

— Finally, we give our conclusion and discuss the future work in Chapter 7.



Chapitre 2
Business Process Management

The steadily growing interest in business process management from practice as well as
from Academy clearly demonstrates the importance of this discipline in today’s business
environment [59]. According to van der Aalst [103], BPM can be seen as an extension of
Workflow Management (WFM) that has a particular focus on the automation of business
processes. BPM has a broader scope, providing tools and techniques to manage the whole
lifecycle of business processes without neglecting the human aspect in the lifecycle of
processes.

This chapter gives an overview of business process management and techniques to
improve flexibility and usability. Section 2.1 provides a short historical outline and introduces
the discipline of business process management by building on the business process lifecycle.
Section 2.2 provides the basis for the characterization of process models. Section 2.3 classifies
business processes according to the degree of human involvement and process structure.
Section 2.4 gives an overview of the research towards flexibility in business processes.
Section 2.5 explores in detail one approach towards process flexibility. Finally, Section 2.6

provides a brief summary of the chapter.

2.1 Overview of Business Process Management

BPM has its roots in both management science and computer science with contribution
from several disciplines. Figure 2.1 presents an overview of some disciplines that have
contributed to its development. During the pre-industrial revolution age, Adam Smith (1723-
1790) describes the production of a pin as a process in a chapter dedicated to labor division
in his book called The Wealth of Nations [93, p. 11-14]. He analyzes how to increase the
performance of a process, through the use of labor division, dividing a complex process into

a simple set of activities performed by specialized workers, registering the oldest known
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FIGURE 2.1 A list of some disciplines that contributed to the development of the BPM
field [106]

documented business process [47]. Almost a century later, Frederick Winslow Taylor (1856-
1915) introduced the principles of scientific management, discussing the relevance of the
division of work to the theory and practice around business processes. Henry Ford (1863-
1947) had also introduced the production line for the mass production of cars. These events
have given substantial contributions to BPM, especially the concept of process-orientation
and repetitiveness.

From the fifties, the organization of work and business processes has been dramatically
influenced by computers and digital communication infrastructures. Process modeling and
software engineering techniques have become essential tools to manage the growing com-
plexity of information systems. Several contributions have been proposed from the field of
formal methods. Petri nets, introduced by Carl Adam Petri (1926-2010) in 1962, are one of
the most prominent examples in the process-modeling domain. Nowadays, most of existing
notations and process modeling standards use the same semantics adopted from his work
such as the visual modeling of concurrency.

Data-driven approaches dominated the seventies and eighties. During this period, the
focus of information technology systems was on data storage and retrieval [106]. Thus, data
modeling was the starting point for modeling and building systems. In general, processes had
to adapt to the existing information system and modeling was a neglected activity. Aalst et al.
[106] argue that one of the reasons was the lack of consensus in the process modeling domain
and the strong consensus on the modeling of data. Even today the relational model by Codd
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and the Entity-Relationship Model by Chen [22] are academic and industrial references. Even
with well-established formal methods such as Petri nets and process calculi, the industry has
been pushing domain specific languages in their applications like BPMN (Business Process
Modeling Notation) [73], BPEL (Business Process Execution Language) [114] and EPC
(Event-Driven Process Chains).

In the nineties, Hammer and Champy introduced the discipline of BPR (Business Process
Reengineering) [41]. They advocated the radical redesign of the business processes to
improve customer service, cut operational costs and become world-class competitors. They
claimed that information technology is the primary enabler of re-engineering programs of a
company. Building on these management concepts, companies started to implement process
orientation (see Weske [110, p 4]). Many WEFM systems became available during this period.
These systems focused on automating workflows with little support for process analysis,
process flexibility, and process management. Years later, this technique has been criticized
by several authors, claiming that BPR was a way to dehumanize the workplace, increase
managerial control, and justify downsizing, i.e. major reductions of the workforce, as a
rebirth of “Taylorism” under a different label ( Vallabhaneni in [99]). Since then, some core
concepts of the BPR have been used as a starting point for business analysis and redesign.
However, it is adopted in a less radical way than originally proposed in the nineties. The
concept of Business Process Management (BPM) has gained significant attention in the
corporate world and can be considered as a successor to the BPR wave.

The core concept of BPM is the business process. We use the definition of business
processes provided by Weske [110, p. 5] :

Definition 2.1.1. A business process consists of a set of activities, which are performed in
an organizational and technical environment in a coordinated fashion. In this manner, they
jointly achieve desired business goals. Although a single organization performs each business

process, it may also interact with business processes from other organizations.

This definition is aligned with the value chain model proposed by Porter [78], where an
organization produces value for its stakeholders by executing a chain of business processes.
BPM helps companies to manage their processes and can be defined as a methodology to
manage their lifecycle. In our work, we have adopted the BPM definition of van der Aalst

[106], which comprehensively summarizes the scope of BPM :

Definition 2.1.2. Business process management supports business processes using methods,
techniques, and software to design, enact, control and analyze operational processes involving

humans, organizations, applications, documents and other sources of information.
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Note that not all business processes are appropriate to be controlled by the BPM. A
sufficient level of detail related to activities, rules and people involved is necessary. This
definition restricts the universe of BPM to operational processes. More specifically, processes
at the strategic level or processes that cannot be made explicit are not considered.

BPM activities are typically organized in the context of a lifecycle (see van der Aalst
in [106]). Since this work is mainly concerned with the human aspect in the BPM context,
we follow the lifecycle proposed by Dumas et al. [33]. Figure 2.2 shows the lifecycle as a
continuous process consisting of four phases that are related to each other.

diagnosis

process process
enactment design

process
implementation

FIGURE 2.2 Business process management lifecycle [33]

This lifecycle starts with process design. During this phase, business processes and
their inter-relations are identified, reviewed, validated and represented by process models
(see Weske in [110]). Those models are expressed in a graphical notation to facilitate the
communication between different stakeholders, so they can communicate efficiently and also
refine their processes. Although several processes models are encoded using a traditional
top-down approach, (i.e., providing a prescriptive model, that contains what “should” be
done), they could be also discovered. The field of process discovery is a very active theme of
research that aims at encoding processes based on recorded events. These events are used as
input for specialized process mining algorithms. The paper of van der Aalst [102] presents a
comprehensive survey of process discovery techniques. Note that the traditional modeling
and process discovery are not mutually exclusive. For example, Maruster and Jorna in [67]
proposes an approach to business process modeling design called SCT (Sensory, Coded
Knowledge, and Theoretical knowledge). This approach puts process data as a first-class
citizens and use it as a source for the encoding and the generation of theoretical knowledge.
The new theoretical knowledge can be used for analyzing, diagnosing and reorganizing the
business process. As can be seen, the concept of Process Model is fundamental to this work



2.2 Business process model 11

because it can be used not only to analyze, design and improve the process, but also to
implement information systems.

The process model is used as a source to configure information systems during the
implementation phase. If the organization uses a conventional software system, it must
develop or adjust its software according to the process model. If the organization already has
a BPM system, it could benefit from the existing model, and configure its system with few
adjustments.

Once the system is adapted, processes are executed in the organization environment
(process enactment phase). During the execution of processes, event data are collected. These
data are useful to analyze running processes and detect anomalies such as bottlenecks and
exceptions.

The process diagnosis phase uses information about the actual enactment of processes
to evaluate them. The results from the diagnosis phase are used to continuously improve
business processes.

As mentioned in the introduction, we have a particular interest in Process-Aware Infor-
mation Systems (PAIS). These systems use the business process model as a source, following

exactly what the process model specifies.

2.2 Business process model

0

Out,

select credit

in list credit c; get user G block Cs H
cards confirmation credit card
inform
user
request Cs

a credit card
replacement

Out,

FIGURE 2.3 A process modeled in terms of a Petri net

The business process model is a core artifact in the BPM discipline. The solution adopted
to improve flexibility depends on how the process model is structured. More precisely, one
could model a process using an imperative approach, focusing on defining how tasks will be
executed, linking them by connectors specifying causal or temporal relations. Conversely,
one could model a process using a declarative approach, defining constraints at the task level.
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Figure 2.3 presents an example of a process model used to report a stolen or lost credit
card expressed in terms of a Petri net. The model allows different scenarios. For instance,
in the scenario [a,b,c,e,f,g], the system retrieves the list of credit cards that belong to the
customer (activity a). Next, the user selects one credit card from a list of available ones
(activity b), the user confirms that she wants to report the stolen or lost card (activity c).
Activities e and f are executed in parallel, blocking the selected credit card and requesting
a new one. Finally, the user is notified when task g is finished with success. Note that, this
model focuses more on the control-flow, rather than the data and resource perspective. The
control-flow perspective is often the backbone of a process model (see van der Aalst in [103]).
Industry standards such as BPMN !, WS-BPEL 2, and EPC 3 follow the same approach
and can be viewed as extensions of Petri Nets with some conceptual differences. These
differences determine the degree of expressiveness and suitability because each one adds
different semantics to model other aspects of a process model, such as activities, events, and
roles.

Another technique for structuring a process is by using a declarative approach. This
type of approach focuses more on specifying what is allowed during the enactment of the
process than defining how it works by linking activities. The “what” part is determined using
constraints that link tasks. As more constraints are defined for a process, fewer execution
paths are possible (Schonenberg et al. in [90]). One could improve flexibility by establishing
optional constraints that can be violated if needed. Figure 2.4 provides an example of
modeling tasks using an imperative and a declarative approach. The trace of the imperative
approach (a) seems to be more rigid, allowing only the execution of task A followed by B. On
the other hand, the trace of the declarative approach (b) is apparently more flexible because
of its implicitness, allowing different combinations of executions.

Both approaches allow a degree of flexibility by using different techniques. To be flexible,
an imperative approach must provide at design time a set of explicit paths. In the case of

declarative approaches, flexibility means reducing the number of constraints.

Constraint: “A should precede B”
A > B A B
{[A,B]} {[A}, [AA], [ABA], [AB,B], ... }
(a) Imperative Approach (b) Declarative Approach

FIGURE 2.4 Examples of (a) imperative and (b) declarative approaches [90]

1. Business Process Model and Notation
2. Web Services Business Process Execution Language
3. Event-driven Process Chain



2.3 Classification of business processes 13

Despite conceptual differences, both paradigms can be used for implementing processes
that involve humans and applications and have the potential for improvement. Before discus-
sing the existing approaches for modeling processes, we first present some classification of
processes with particular focus on human interaction, to delimit the scope of our research.

2.3 Classification of business processes

Business processes are at the heart of organizations and are used for a variety of situa-
tions. Not all processes are the same, and the degree of involvement of humans determines
how processes are structured. Bring flexibility, by finding an optimal tradeoff between the
inherent complexity of humans and the need for control of organizations is a challenging task
recognized by several researchers (e.g. Schonenberg et al. [89], Heinl et al. [43], and Soffer
[94]). Thus, we first classify business processes according to the level of human involvement
and the resulting level of structure of business processes.

2.3.1 Degree of human involvement

Business processes can be classified according to the level of involvement between
humans and systems (human-centric or system-centric) (Georgakopoulos et al. [40]). More
precisely, they can be classified into Person-to-Person (P2P), Person-to-Application (P2A)
and Application-to-Application (A2A) processes (Dumas et al. [33]).

P2P Groupware N::\;:::ks Job Tracking
Ad hoc Case
P2A Workflow Handling Workflow

(e [ v )

FIGURE 2.5 Business processes according to the level of human involvement and
examples of application

P2P processes are those in which participants are primarily humans. More specifically,
this type of process requires that humans collaborate to reach a business goal. For this kind of
process, software tools are used towards supporting computer-mediated interactions. Indeed,

processes managed by these applications usually do not involve entirely automated tasks
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(Dumas et al. [33]). Examples are groupware tools, content management systems, and social
networks. For instance, a virtual team could make a peer-to-peer evaluation of requirements
of global software, using a video conference for meetings. To interact with other members,
they could use a groupware system for the exchange of ideas, diagrams and documents. Note
that they have some limited benefit to tacit knowledge transfer. Some groupware tools like
MEMORAe [7] makes use of semantic modeling and ontologies to improve the support
for the codification of knowledge, which could be useful to discover and redesign existing
processes.

A2A processes, on the opposite side, are those involving only software systems, without
needing human intervention during their execution. This type of business process is very
common in financial, insurance and supply chain systems. Some examples : a robot pur-
chase an action at the market system based on its user preference ; two financial systems
exchange messages during an electronic funds transfer. ESB (Enterprise Service Bus) plat-
forms and MOM (Message-Oriented Middleware) applications are examples of technologies
that support A2A processes.

The majority of information systems fall in the P2A category. This type of process has a
more complex nature and involves both human interactions seen in P2P processes and also
interactions involving applications that work without human intervention (A2A). In fact,
the P2A category represents the real objective of information systems, making people and
applications work in an integrated manner (Dumas et al. [33]). Examples of process-aware
information systems are traditional workflow management systems, case handling systems,
and ad hoc workflow systems.

The focus of our research is to develop an approach to the mediation between humans
and process-aware information systems. Thus, the A2A category is out-of-scope of this
work. This type of application solves a different kind of problem, much more related to the
non-functional aspect of a system, like performance, portability, scalability and so on. Figure
2.5 shows the nature of process participants (P2P, P2A, and A2A) and a non-exhaustive list

of examples. The region in gray indicates the interest of our research.

2.3.2 Degree of structure

The degree of structure is often used as a dimension for classifying process-aware
information systems (Georgakopoulos et al. [40]). Due to its sequential nature, a well-
structured process is easier to implement if compared to an unstructured process. We have
used a classification of Dumas et al. [33] that proposes four levels of structure of processes

namely unframed, ad hoc framed, loosely framed, and tightly framed.



2.3 Classification of business processes 15

An unframed process does not have an explicit process model associated with it. Typically,
the type of system where these processes are managed does not even allow the specification
of processes. It is the case of groupware systems, where users are free to select and trigger
activities as well as control their ordering on demand.

A process is considered ad hoc framed if a process model is built or changed at runtime
to attend a particular business need. In general, an ad doc framed process is executed only
once for a small number of times. Project management systems have some examples of ad
hoc framed processes. Each project is different, and depending on its nature, budget and
objectives, activities should be conducted in a different fashion. Thus, the project management
team could create a distinct process to attend this project lifecycle (e.g. change management,
communication management, and escalation procedures).

A loosely framed process has a predefined process model and a set of constraints. The
predefined process model describes what is done in typical situations but does not enforce a
specific set of possible paths to follow. The set of constraints gives a degree of freedom to the
enactment of such processes, allowing deviation from the common path within certain limits.
Examples of this type of processes can be found in health-care and emergency management,
where workers should have some autonomy during the enactment of processes.

Finally, a tightly framed process is one that strictly follows what is defined in the process
model. Examples can be found in production, banking, insurance and administrative processes.
Most of the traditional workflow management systems fall into this category.

The degree of structure has a positive correlation with the degree of human involvement
in several situations. The more humans are involved, the more unpredictable and unstructured
are processes. For example, a robot buying some stock options (A2A) has a high degree
of predictability because of his nature. The financial company must comply with several
regulations and policies. As a consequence, the resulting business processes have a very well
defined set of rules and limited variations during the execution flow (tightly framed process).
A surgery process (P2A or P2P) should be flexible enough to allow working in emergency
situations. Workers can deliberate in particular cases and follow a different (unusual but
allowed) flow. For example, the doctor could decide to skip the exam activity to proceed with
the surgery, saving time and augmenting the life expectation of the patient (ad hoc framed or
loosely framed process). It is easy to infer that the degree of structure is strongly linked to
the degree of predictability (Dumas et al. [33]).

Figure 2.6 presents the correlation between the degree of human involvement and the
degree of structure of processes. Highly predictable processes tend to be tightly framed and
automated (van der Aalst et al. [103]). For this type of process, the complexity to mediate a

conversation between humans and systems (if necessary) is rather low and does not demand
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FIGURE 2.6 The correlation between the degree of human involvement and the degree of
structure of processes. (in gray, the interest of our research)

a special approach. At the other end, knowledge-intensive processes tend to be less framed
and more people-centric.

The gray area of Figure 2.6 indicates the scope of our work : ad-hoc framed and loosely-
Jframed processes brings an inherent complexity, requiring mediation and assistance during
their enactment. Loosely-framed processes can benefit from a mediation approach that guides
the conversation between humans and applications, respecting user preference and context.
Ad-hoc framed processes can benefit from the planning capability of the mediation approach,
for example, learning from past experiences or build an ad hoc process based on user
expectation. Because of the lack of process structure, Unframed processes are out-of-scope.

Because of its simplicity and predictability, tightly framed processes are also out-of-scope.

2.3.3 Tradeoff between support and flexibility

According to Pesic [77], the flexibility that users have and the support that users get while
working with BPM systems have a significant influence on both satisfaction and productivity.
In this context of business processes, support refers to the degree to which a system makes
decisions during the execution of processes. Traditional workflow management systems have
a high degree of support. In this situation, decisions are predominantly made by the system
and the level of influence of users is quite low. At the opposite side, flexibility refers to the
degree to which users can make local decisions about how to execute business processes.
Groupware systems, exemplified by products developed on top of Lotus Notes are systems
with a high degree of flexibility and low degree of support. Users have a great level of

influence and decision in this type of system. They offer excellent possibilities for handling



2.4 Process flexibility 17

documentation, but is difficult to extend for supporting dynamic features, like live interaction,

the use of legacy software, and pro-activity (Barthes et al. [12]).

Unframed Ad hoc Loosely Tightly
framed framed framed

high

low

FIGURE 2.7 The tradeoff between support and flexibility

As depicted in Figure 2.7 a centralized decision-making process has a high degree of
support and a low degree of flexibility, and a local decision-making process has a low degree
of support and a high degree of flexibility. Organizations must find an optimal balance
between both styles of decision. As stated in Section 2.3.2, knowledge-intensive processes
tend to be more unpredictable, so localized decision-making is necessary.

As can be seen, flexibility has a great impact on our work. Many researchers have

acknowledged the importance of this topic, and we address it in the next section.

2.4 Process flexibility

As stated in previous sections, the dynamic nature of business processes requires the
development of flexible approaches to deal with occurring variations. Effective business
processes must be able to accommodate changes in the environment in which they operate,
for example, new laws, changes in business strategy, or emerging technologies (van der Aalst
et al. [103]). Modern PAIS must balance a certain degree of flexibility and support at the
same time during the enactment of business processes. Flexibility in this context can be seen
as the ability to deal with both foreseen and unforeseen changes, by varying or adapting
those parts of the business process that are affected by them, while retaining the core format
of parts that are not impacted by the variations (Schonenberg et al. [89]).

We have adopted the taxonomy provided by Schonenberg et al. [89]. It is an extension
of the taxonomy proposed by Heinl et al. [43] and was applied in different state-of-the-art
implementations. They suggest four types of flexibility : Flexibility by definition, flexibility
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Flexibility

| | | |

[ Definition ] [ Deviation ] { Underspecification ] { Change }
parallelism undo late binding effect of change
choice redo late modeling moment of change
iteration skip migration strategies
interleaving additional instance
multiple instances invoke task
cancellation

FIGURE 2.8 Taxonomy of process flexibility proposed by Schonenberg et al. [89], identi-
fying four main flexibility types : flexibility by definition, flexibility by deviation, flexibi-
lity by underspecification, and flexibility by change

by deviation, flexibility by underspecification, and flexibility by change. Figure 2.8 presents
the taxonomy and the most important properties investigated for each theme.

2.4.1 Flexibility by definition

Flexibility by definition refers to the ability to specify at design time different alternatives
of execution in the process model. As a consequence, users can choose the most suitable
alternative during the enactment of a process. Schonenberg [89] enumerates the most common
options for realizing this type of flexibility :

— Parallelism : the ability to execute a list of tasks in parallel.

— Choice : the ability to choose one or more tasks from a list of tasks.

— lteration : the ability to contiguously perform a task several times

— Interleaving : the ability to perform a list of tasks in any order.

— Multiple instances : the ability to perform multiple concurrent instances of a task.

— Cancellation : the ability to cancel a task at any point of the execution.

Flexibility by deviation is the most fundamental type of flexibility, and all BPM systems
support this kind of flexibility. However, according to van der Aalst [103], declarative
approaches make it easier to defer choices at runtime instead of at design time.

2.4.2 Flexibility by deviation

Flexibility by deviation refers to the ability to deviate at runtime from the execution

alternatives specified in the process model, without changing the process model. Users
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might ignore the execution of some parts of the prescribed process. For example, it could
be useful to invert the ordering of the send proposal to customer and register customer
when the customer wants a quick response. In general, models are more descriptive than
prescriptive, stating what is the common or normal flow of execution, allowing a certain
degree of variation.

— Undo task : Shift the control to the moment before the execution of the specified task.

— Redo task : Repeat a preceding task.

— Skip task : Skip the current task, passing the control to a subsequent task.

— Create an additional instance of task : Allow the creation of a new instance of a task

that will run in parallel.

— Invoke task : Allow the execution of a task that is not currently enabled.

A B > C A > B > C
Trace=[A] Trace =[ A, “skip B” ]
(a) Before skipping B (b) After skipping B

FIGURE 2.9 Flexibility by deviation : the user has the control over the flow of execution
(Pesic [77])

Figure 2.9 presents an example of flexibility by deviation by using a skip operation. In
(a) task B is enabled. After performing the skip B operation as shown in (b), it is possible to
execute the successor of the task B (task C in this case). Case handling [107] is an imperative

approach that allows such type of flexibility.

2.4.3 Flexibility by underspecification

The flexibility by underspecification allows modeling some parts of a process model as

“black boxes” or placeholders. They could be added later during the enactment of a process.

DT L I vy By By

Trace=[A,B,D ]
(a) A model (b) An execution scenario
FIGURE 2.10 Flexibility by underspecification : design and runtime perspectives (Pesic
[77D)

Figure 2.10(a) shows a model specifying that activity A must be executed, followed by
B, and finished by an unspecified activity or subprocess. Figure 2.10(b) shows a possible
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scenario where A and B are performed followed by the placeholder D, selected at runtime.
Note that, each time the process executes, the user can select a different activity or even an
entire sub-process. This example puts in evidence only the control-flow perspective, but the
approach is valid also for the resource or data perspective. For example, one should declare
an activity without assigning a resource to perform the action. Only at runtime, the resource
will be identified. The same occurs for data, omitting one output generated by some activity
during design-time. The reference to the data element can be specified each time the process
is executed.
Placeholders can be invoked during runtime using two distinct methods :
— Late binding : where the realization of a placeholder is selected from a set of existing
process fragments.
— Late modeling : more sophisticated form of realization, allowing choose not only a
fragment from a set of existing processes but also model of a placeholder at runtime.
An example of a system that allows this functionality is the YAWL language [104]. Using
the Worklet extension, some activities can be considered as unspecified parts. During the
enactment, the Worklet Service allows users to choose the exact specification that will be

executed.

2.4.4 Flexibility by change

Flexibility by change is the ability to change a process definition at run-time. Systems
that supports this type of flexibility allow the migration of all processes that have pending
instances to the new definition. The following variation points are observed in this kind of
flexibility :

— Effect of change : Could be a temporary change, affecting only a set of instances, or

an evolutionary change, migrating all active instances and the original model.

— Moment of change : Could be at entry time, meaning that only new instances of the
process will conform to the new version, and current ones will not migrate. They
could occur on-the-fly, meaning that existing instances of the process need to migrate
to the new model.

— Migration strategies : Define what to do with running process instances that are im-
pacted by an evolutionary change. The most commonly implemented techniques are :
(1) Forward recovery, aborting existing instances. (i1) Backward recovery aborting,
compensating if necessary, and restarting current instances. (iii) Proceed with change,
ignoring existing process instances. (iv) Transfer, migrating the state of existing

process instances to a compatible one of the new version.
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Flexibility by change is a very challenging theme and has been investigated by many
researchers. Depending on the scope of changes, several anomalies may be inserted into the

environment like missing data, conversion problems, and deadlocks (van der Aalst [103]).

2.4.5 Choosing flexibility requirements to improve mediation

Flexibility by
change

AR

flexibility

by
definition

Process
Definition

Flexibility by
underspecification

Degree of impact

flexibility

by
deviation

o/

Process
Instance

Design Runtime
time

Time at which flexibility is added

FIGURE 2.11 Degree of impact and specification of time when flexibility is added

Figure 2.11 presents the flexibility taxonomy from two perspectives : the degree of impact
and the time at which the flexibility is added. The degree of impact indicates what aspect of
the process is affected : the process model or only the process instance. The time perspective
shows if the flexibility property occurs at design time or run-time.

The flexibility by definition has an impact on the process model during design time.
The resulting model, having a high degree of predictability, determines the behavior during
run-time. However, van der Aalst [103] states that declarative languages make it easier
to defer choices to runtime, which suggests that the modeling approach could lead to an
extension of the impact to the runtime environment, due to the level of implicitness of the
model. Moreover, the deferred choice pattern described by Schonenberg et al. in [89], leaves
the resolution of a choice to the enactment infrastructure at runtime even for imperative
approaches.

The flexibility by deviation occurs at runtime and affects only process instances. In this

situation, users have a certain degree of freedom to enact processes and decisions are made at
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run-time. The flexibility by underspecification has an impact on the process definition phase
during both design and run-time. The modeler should define placeholders for tasks during
design time and users benefit from those placeholders, replacing them by concrete task or
sub-processes at runtime. Finally, the flexibility by change has an impact during runtime for
both process models and instances.

As can be seen, all flexibility properties could have a direct impact on the runtime environ-
ment, affecting humans during the enactment of business processes. Declarative approaches
such as DECLARE (Pesic [77]) and case handling (van der Aalst [107]) performed well
from the control-flow perspective in the evaluation conducted by Schonenberg et al. in [89].
Declarative approaches perform well for the flexibility by change requirement : both process
definitions and instances are automatically changed when the execution trace does not violate
the constraints of the new process model.

We continue the investigation of approaches towards flexibility, more precisely analyze
the level of implicitness and the potential for mediation, to propose a mediation model for

the enactment of business processes.

2.5 An approach towards flexibility

2.5.1 Case handling

Case handling is an alternative BPM paradigm proposed by van der Aalst et al. [107]. This
approach aims at more flexible and knowledge intensive process execution for a wide-range
of scenarios for which traditional workflow management systems fail to offer an adequate
solution. Case handling has its strengths changing the focus of business processes from what
should be done to what can be done to achieve a business goal. The author focuses on the
following problems found in traditional workflow management systems :

— Atomic activities

Traditional workflow management systems consider that activities are atomic units of
work. This approach is used to force the distribution of work during the design phase.
However, some events are handled by users in a much more detailed and complex
way.

— Routing for distribution and authorization

Because of the routing mechanism employed by workflow management systems
only the work for which workers are authorized is revealed. Thus, a work-item is
only available when it is in the worker’s in-tray. The problem here is that both the
distribution of work and the authorization coincide. Mixing up two important aspects
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of a business process in only one event considerably diminishes the level of flexibility
of applications.

— Context tunneling
It is more a consequence than a cause. By focusing on the control flow, process data
are only available when the worker receives a work-item in her in-tray. The context
of the current business process handled by the workflow system is partially available,
resulting in inefficiencies and errors.

— Focus on what should be done instead of what can be done
This push-oriented perspective results in rigid and inflexible workflows.

Key properties of case handling :

— Providing all information available
A case handling system (CHS) presents all data about a case at any time to workers,
according to their level of authorization. The context tunneling effect is avoided.

— Use data to determine which activities are allowed
A CHS use both data and flow as first-class citizens. Thus, data can also determine
which activities are enabled.

— New semantics for roles
Workflow management systems have only the execute semantic for the role. A CHS
provides additional possibilities like skip and redo (to undo a previously performed
activity), which augments the level of flexibility during the enactment of processes.

— Process data can always be modified
A CHS allow workers to change data before or after the execution of activities. Data

can be amended as soon as they are available.

Main concepts

The case handling paradigm makes the case and its data as the central elements, as
opposed to activities and routing rules being common for workflow management systems.
We refer to a case as a single process instance, meaning that a business process can handle
many cases in parallel. The case could also be interpreted as the product that is manufactured
by a group of workers that must be aware of the whole context. Examples of cases are the
peer-review of project proposals, the evaluation of a job application or managing a call for
bids for procurement.

The concept of activity is also important for case handling. Here, an activity is also
considered a logical unit of work as occurs in traditional WfMs. Activities must be executed
to enact a case. However, it carries a less rigid notion here, because an activity is a chunk of

work recognized by workers that have the potential to be executed, transferred, re-executed
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or simply ignored (for example, a worker could skip an activity to add a supplier in a bidding
process).

The use of too many precedence relations is discouraged in case handling. Here, the state
and structure of a knowledge-intensive case is an important element and could be used to
guide a case enactment. In case handling, state and structure are represented as data objects.
The logistical state of the case is not determined by the control-flow status but by the presence
and properties of data objects. Thus, case handling could be considered a hybrid process
modeling technique, mixing control-flow and data-flow (van der Aalst [107]).

Each data object is linked to a process and could be related to one or more activities. A
data process that does not have links with any activity is called a free data object. All other
data objects are linked with one or more activities as mandatory and/or restricted. A data
object is considered mandatory for an activity if it is required to complete the corresponding
activity. A data object is considered restricted for an activity if it can only be entered in
this activity or other activity that shares the same object. Both definitions (restricted and
mandatory) are orthogonal. For example, a data could be mandatory (to be considered
completed, the activity must fill this information) and restricted (the information is only
changed in this activity). These objects are presented to workers using forms. A form is used
to present different views on data objects of a particular case to workers, assuming they have

the proper authorization. In CHS forms could be associated with one or more activities.

Roles

In the same manner, as occurs in traditional workflow management systems, case handling
allows that one actor (user) can have multiple roles, and a role may have multiple actors.
Roles can also be modeled as a graph. Using an is-a relation, one can define different levels
of authorization. For instance, the role manager is a subtype of the role employee. The
difference here is that case handling has different types of role associated with an activity ;
traditional workflow management systems have only the execute role. For each activity, three
types of roles need to be specified : the execute role, the redo role, and the skip role.

— The execute role is used to define who can carry out the activity.

— The redo role is used to re-execute or just undo an activity. For instance, the case
returns to the previous state (before the execution of the activity). In this case, the
undo operation is only possible of all other subsequent activities are undone as well.

— The skip role is used to pass over an activity.

It is a powerful mechanism for modeling flexible processes without needing to explicitly
specify a broad range of exceptions. The redo operation provides an implicit (and dynamic)

form of loop. Also, the skip offers an implicit form of choice. To avoid undesirable effects,
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the modeler just needs to configure the level of authority for each role type : for example,
avoid assigning a role to the skip or redo role.

These roles allow a clear separation between work distribution and authorization. Workers
are not limited to the set of activities that have been assigned to them (in-tray). Case handling
allows the implementation of a flexible query mechanism that allows navigating through
activities with different filters that can be applied to simulate the in-tray for actors, or ad hoc
queries to monitor work.

As stated before, the focus of case handling is on the whole case, i.e., there is no context
tunneling by limiting the view to specific work-items. The primary driver to determine which
activities are enabled is the state of the case (i.e., the case data) and not control-flow related
information such as the activities that have been executed. The basic assumption driving most
workflow management systems is a strict separation between data and process. The strict
separation between case data and process control simplifies things but also creates integration
problems. For case handling the logistical state of a case (i.e., which activities are enabled)
is derived from the data objects present. Therefore, data and process cannot be separated.
Unlike workflow management, case handling allows for a separation of authorization and
distribution. Moreover, it is possible to distinguish various types of roles, i.e., the mapping of

activities to workers is not limited to the execute role.

2.6 Discussion

We have presented in this chapter the foundations of the Business Process Management
discipline and have surveyed a range of concepts and classifications of BPM systems. The
first section of this chapter focused on the BPM discipline and how BPM systems are related
to this lifecycle. The second section was dedicated to the process model, a significant artifact
for our approach. Next, some classification of business processes in section 3 and 4 helped
for delimiting the scope of our work, for business processes. We finished by giving an
overview of the case handling system, which is an approach that has interesting techniques
towards process flexibility. Some methods of case handling systems that put data control at
the same level of control and providing all information available, avoiding context tunneling
undoubdtedly influence the design of our approach.



Chapitre 3
Personal Assistant Agents

In the previous chapter, we have presented the BPM discipline and its lifecycle as well
as its core component : the business process model. A great deal of work related to process
flexibility has been found. However, the majority of methods and techniques falls into the
study of the flexibility for the structural aspect of processes. Few works related to the human
perspective during the enactment of existing ones. Moreover, to the extent of our knowledge,
we have not found any conversational interface dedicated to the subject of business process
enactment and the user interface seems to be a neglected topic in this field.

Thus, we dedicate this chapter to study concepts, tools, and techniques available in the
literature to implement personal assistant agents. The interaction between agents and humans
have a substantial impact on our work, and a comprehensive study of existing approaches
will help us delimiting the scope of our research.

This chapter is organized as follows :

— Section 3.1 concept of agent and its properties

— Section 3.2 introduces the notion of multiagent system and presents the platform
developed in our laboratory.

— Section 3.3 presents the concept of personal assistant agent.

— Section 3.4 presents our vision of how personal assistants could contribute to the
business process management domain, more specifically during the enactment of
business processes.

— Section 3.5 presents a summary of essential elements identified to conduct our
research.

Readers who are familiar with multiagent systems can skip sections 3.1 and 3.2.
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3.1 Agent definition

In the context of computer science, the notion of agent!' comes from the artificial
intelligence domain (Al). Russel and Norvig [85] states that a software agent is anything that
can be seen as perceiving its environment through sensors and acting upon that environment
through actuators. Jennings and Wooldridge [48] highlight the autonomous aspect of agents,
stating that an agent is a computer system situated in some environment, and that is capable
of autonomous action in this environment to meet its design objectives.

Both definitions from Russel [85] and Jennings [48] presents three relevant aspects under
different perspectives : (1) an agent is situated in an environment, (i1) it has a decision-making
capability, giving some autonomy, and (iii) it has one or more goals. An agent perceives its
environment using its sensors and deliberately changes the environment to reach its objective
using its actuators. To better understand the environment and how it influences the agent
decisions, we use a classification proposed by Russel and Norvig [85] :

— Fully observable vs. Partially observable : If the agent has complete access to the state

of the environment at any point in time, this environment is called fully observable.
An environment might be partially observable because of noisy and inaccurate sensors
or because parts of the state are simply missing from the sensor data. For instance,
a business process management system that has an incomplete description of its
participants might find difficulties when negotiating and delegating tasks.

— Deterministic vs. Stochastic If we can determine the next state of an environment
based only on the actions executed by the agent, then the environment is called
deterministic. Conversely, a stochastic environment is one in which there is uncertainty
about the state resulting from performing an action in the current state. The majority
of real scenarios fall into this category. For instance, each activity belonging to a
business process have a predefined set of preconditions and effects. If one of these
activities lacks a complete definition of preconditions and effects or if the activity
produces an unforeseen result, then we have a stochastic environment.

— Episodic vs. Sequential In an episodic environment, the agent actions are divided into
isolated episodes. More specifically, the decision made in one episode does not affect
future decisions. An example of episodic environment could be a quality assurance
agent that inspects new products and assigns a quality label of the product without
paying attention to past evaluations. Conversely, a sequential environment is more
complex in nature, because each short-term decision has an impact in the medium

and long term. The enactment of a business process is an example of sequential

1. For the sake of readability and brevity we will often omit the word “software” before the word “agent
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environment because each performed activity may change the environment, producing
effects that influence the enactment of subsequent activities or sub-processes.

— Discrete vs. Continuous An environment is discrete of it can be modeled by finite
sets. Russell and Norvig give a chess game as an example of a discrete environment,
and taxi driving as an example of a continuous one. Taking into account the decisions
made by the enactment engine, we can consider that this environment is discrete, but
the combinations of several discrete decision variables may lead to a combinatorial
explosion.

— Static vs. Dynamic If the environment can change while an agent is deliberating,
then this environment is said to be dynamic. A dynamic environment is much more
complex because each change of state is interpreted as a decision request to the agent.
Depending on the architecture of information system that is used, the environment of
business processes tends to be dynamic, because business processes might compete
for shared resources of a company (e.g. : people allocation, database entries).

According to this classification, the hardest case is partially observable, stochastic, sequen-
tial, continuous and dynamic. Russel and Norvig also distinguish the environment between
single-agent and multiagent. Needless to say, single-agent environments are simpler when
compared to multiagent ones. Multiagent environments require a minimum infrastructure for
communication and a well-defined interaction protocol, which increases the complexity of
the overall application.

Taking into account the autonomy of agents, they could present different behaviors when
added in a group. They could be competitive if they use one or more shared resources,
or they could be cooperative to maximize the performance. Note that the classification of
competitive or cooperative agents is not crisp. Agents may present different behaviors during
their lifecycle according to their goals. Note also that from the perspective of one agent
operating in a multiagent system, the environment can be regarded as being dynamic.

Table 3.1 presents a classification of a typical business process enactment infrastructure
if managed by agents.

Now that a categorization of environments has been given with a special focus on business
processes, one must explore the agent and its properties.

3.1.1 Agent properties

As stated before, agents are computer systems capable of autonomous action to meet its
design objectives. Thus, agents have distinct characteristics, and not all software components
could be classified as an agent. In the nineties, Wooldridge and Jennings gave one inspiring
example of an agent application :
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TABLE 3.1 Classification of an environment of a typical business process enactment infra-
structure using agents

Dimension Value

Observable Partially-observable (e.g. not all departments
have enough information when they are coope-
rating)

Deterministic/Stochastic Stochastic (e.g. service-oriented architectures)

Episodic/Sequential Sequential (processes are chains of activities)

Static/Dynamic Dynamic (processes compete for resources)

Discrete/Continuous Discrete (risk of combinatorial explosion)

Agents Multiagent is preferable for task decomposi-
tion

Cooperative behavior Predominantly cooperative

Competitive behavior May compete for shared resources (e.g. people
and resources such as database entries, storage
devices, and processors)

Example 3.1.1. You are editing a file when your personal assistant requests your attention :
an email message has arrived, that contains notification about a paper you sent to an important
conference, and the assistant correctly predicted that you would want to see it as soon as
possible. The paper has been accepted, and without prompting, the assistant begins to look
into travel arrangements, by consulting some databases and other networked information
sources. A short time later, you are presented with a summary of the cheapest and most

convenient travel options [113].

This type of application was unusual in the nineties (the article was published in 1995),
but it is quite common nowadays after the popularization of applications like Siri from Apple
and Cortana from Microsoft. This generation of applications works as a hub of services,
delegating tasks to specialized software components. This movement is aligned with the
prediction of Negroponte, that stated in [71] that the future of computing will be 100% driven
by delegating rather than manipulating. We have used some characteristics proposed by
Negroponte that give more focus on human-agent interactions. To do so, agents must be :

— Autonomous : giving a vague and imprecise specification, an agent must determine

how the problem is best solved and then solve it, without constant guidance from the
user,

— Proactive : it should not wait to be told what to do next, rather it should make

suggestions to the user,

— Responsive : it should take account changing user needs and changes in the task

environment, and
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— Adaptive : it should come to know user’s preferences and tailor interactions to reflect

them.

Of course, these characteristics could also be used in the context of agent-to-agent
interaction as well. Notice that pro-activeness is an essential property to introduce another
characteristic of agents : the reactivity concerning the environment. Pro-activeness means
that agents must execute actions according to a predefined plan to ensure the fulfillment of
its goal. However, an agent must not neglect the changes that may occur in this dynamic
environment. A plan revision is necessary if these changes have an impact on the agent plan.
Thus, a level of reactiveness is also required. Notice that a high degree of reactiveness may
influence in the whole plan, making the agent unfocused. Actually, these two characteristics
(pro-activeness and reactiveness) are difficult to balance even for human beings : a typical
example is given by project managers who follow project plans without recognizing events
that disrupt the pre-established course of actions (Sbodio [87]).

3.1.2 Strategies towards reasoning

An agent has an individual decision process made of three phases : perception, decision,
and action. The perception phase allows collecting information about its environment. In
general, an agent has a symbolic representation based on its sensors and previous experiences.
During the decision phase, the agent reasons using the information collected from the
environment and its goal, creating or changing its plan of actions to better reach the goal. The
action phase is the enactment of such actions, transforming the environment. It is a cyclic
phase, where agents are constantly perceiving, reasoning and acting.

In the literature, agents are commonly classified as cognitive or reactive. Reactive agents
do not have an explicit representation of their environment. Their behavior is based on a
perception/action function. The cognition phase is reduced or inexistent. The work of Brooks
[16] [17] illustrates how reactive agents work. According to him, the behavior of an agent
is produced by a set of behavioral rules that associate a particular stimulus with an action.
The agent behavior is the result of interactions between the agents and the environment, and
agents do not explicitly communicate between them. This approach is called principle of
emergence.

Conversely, cognitive agents have an explicit representation of the environment, of other
agents and their goal. They also have a model of their social organization. The relationship
between agents is done according to their degree of collaboration to solve a particular
problem. Some researchers in the field use other social aspects such as emotions to guide

the interaction between individuals (e.g. Lhommet et al. [61] and Riviere et al. [82]). Notice
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that the boundary between these types of agents is not crisp and some agent architectures
combine both techniques (also called hybrid agents according to Wooldridge [112]).

In our work, we propose using a personal assistant agent to help users during the en-
actment of business processes. This type of agent requires an explicit representation of the
environment, as well as a description of other agents that collaboratively communicate during
the enactment of the process. Personal assistants must also be capable of identifying their
master’s > goal based on sentences. Thus, we restrict the scope of our study to cognitive
agents. The OMAS (Open Multiagent System) platform developed in our laboratory allows
the implementation of both cognitive and reactive agents. The platform is described in Section
3.2.1.

3.2 Multiagent Systems

The idea behind multiagent systems is that a system could get better results if agents
work cooperatively instead of in complete isolation. According to Sycara [97], a multiagent
system benefits from two powerful modeling techniques namely modularity and abstraction.
The reason for the growing success of agent technology is that the inherent distribution
(modularity) allows for a natural decomposition of the system into multiple agents that
interact with each other to achieve a desired global goal (Chen and Cheng [20]). The
abstraction characteristic is also represented by numerous approaches used for planning and
reasoning. Sycara [97] enumerate four characteristics of a multiagent system :

1. Each agent is part of the overall solution. It does not have enough information to
solve the whole problem.

2. The control is not centralized.
3. Information used for problem-solving is decentralized.

4. The problem-solving mechanism is asynchronous.

In multiagent systems, agents are independent individuals that share the same environ-
ment. They may present a competitive behavior since resources are shared among them
(time, space and physical resources). They may cooperate to achieve common goals. Even if
agents are written in different languages, they can communicate using a standard protocol,
expressing their needs, their state and reaching agreements. In short, an agent that belongs to
a multiagent system has two distinct objectives : performing tasks and cooperate with other
agents whenever possible. As a consequence, agents should coordinate their activities and

cooperate to avoid effort duplication (D’Inverno and Luck [32]).

2. A master is the user that owns the assistant
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Multiagent theories are usually complex from a computational perspective. Therefore
multiagent systems often take inspiration from theories and make some pragmatic assump-
tions and tradeoffs to simplify the implementation. We present an overview of the platform
developed in our laboratory and used to implement our MAS.

3.2.1 The OMAS platform

The OMAS platform (Open Multiagent System) [8] is the result of the development of
research projects in several domains like engineering design (Shen and Barthes [92]). OMAS
is directly derived from the open architecture of cognitive agents called OSACA developed
by Scalabrin and Barthes [88].

In its latest version developed in LISP 3 the platform allows the creation of three different
types of agents :

— service agent (SA) : it is a cognitive agent that does not have an interface dedicated to
the end-user. It provides a specialized set of services according to its competence. The
services could be performed by the community of agents, which forms a multiagent
system.

— personal assistant (PA) : this agent is responsible for the interaction with humans.
Its role is to understand and to serve its master. Since a PA knows what its master
wants to do, it could use other agents (service, transfer agents or even other personal
assistants) to develop and execute its plan.

— transfer agents (XA) : this agent allows the communication between OMAS and
other platforms. It has a set of predefined services for connectivity.

Agents are organized in a multilevel architecture based on the concept of coterie. From
the organizational perspective, a coferie is a closely related group of agents. It is particularly
interesting because an agent could enter or leave a coterie at any time, avoiding registering
the agent in centralized repositories like yellow pages or directory facilitators. A consequence
is that if a machine fails, no bookkeeping needs to be done on the other machines, which
makes the system more robust (Barthes in [8]). From a technical perspective, the coterie
is then defined as a set of agents present on a LAN loop, sharing the same port address.
Thus, messages are delivered using UDP broadcast to all agents, with a single message.
We could say that agents are like a group of persons located in the same room, where each
person overhears what the others say. Agents can use this feature by updating their internal

representation.

3. The platform and the documentation are available at http ://www.utc.fr/~barthes/fOMAS/.
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In OMAS, all agents are subsets of a generic agent model, presented in the next para-
graphs.

Generic agent model
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FIGURE 3.1 The OMAS generic agent model

OMAS agents are derived from a generic agent model initially proposed by Ramos [79],
as depicted in Figure 3.1. An agent is composed of a set of modules that could be customized
by the agent modeler when needed :

— World : Each agent resides in an environment composed of other agents. To interact
with them, an agent should build an internal representation of the environment. Ramos
suggest that this internal representation should have the competencies of other agents
that belong to its group.

— Self : This module contains a self-description, a long-term and short-term memory.
The self-description is a representation of the agent’s competencies and its long-term
goals. Enembreck [37] added a learning function to this module, allowing an agent
to learn the competencies of other agents iteratively by using their interaction as a
source.

— Ontology : Ontologies are an integral part of applications involving cognitive agents.
They allow a shared understanding of domains and could be used to understand the
expressions of the content language, to build a knowledge base, or to interpret the
utterances from the user (Barthes [8]). Thus, each agent could have its own ontology.

One of the possibilities for using ontologies is using MOSS [9] as a representation
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language. MOSS is a framework for developing ontologies or knowledge bases.
MOSS has been made part of the OMAS platform and includes multilingual and
versioning features, as well as reasoning by means of a query system.

— Skills : Skills represent what are the agent capabilities or what it can do. Skills are
realized as functions, and the platform distinguishes two types of agent skills : atomic
skills and complex skills. Atomic skills execute without requiring any help from other
agents, whereas complex skills require results obtained from the cooperation with
other agents. Atomic skills have a reference to a static function whereas dynamic
skills have two references : the first to trigger the function and the second works as
a call-back function when answers from other agents are received. All skills may
have preconditions (a function in charge of checking if the skill can be fired), a
time-limit option limiting its execution time and an acknowledge option to return an
acknowledge message to the sender if requested. Complex skills may have a timeout
handler to do something when answers from sub-contracts fail to return on time, and
a select-best-answer function, used to select the answer on broadcast or Contract Net
protocols. Notice that the concept of skill (what the agent can do) is different from
the concept of goal (what the agent plans to do).

— Goals : OMAS implements goals separately from skills. A goal can be one-shot or
cyclic. Goals are enabled by an enabling function that may block the triggering of
the goal (somehow analogous to the precondition function for skills). A particular
mechanism of activation energy is planned : for instance, a goal can be activated
when its energy becomes higher than a threshold level.

— Tasks : The current context of the agent is represented in the tasks part. The task that
the agent is currently executing could trigger other subtasks, controlled by OMAS.
Thus, a task representation is a fundamental building block.

— Communication : Message handling is an important feature of multiagent systems.
Agents use messages for negotiation, task decomposition, and planning. OMAS have
a set of built-in functions for communication (sending and handling messages). When
a message reaches an agent, it wakes up the scan process that either processes the
message in special cases, or puts it into the agenda. A special process then selects
the message <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>