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Abstract: In this paper, we work towards an approach to establish a connection between the
goal domain and the enterprise architecture elements that are responsible for the satisfaction of
goals in an enterprise. We observe this connection is far from trivial, requiring us to consider
the semantics of goals, the semantics of many other enterprise elements as well as the nature of
the relation between goals and these other enterprise elements. This challenge is here addressed
by considering several ontological accounts for the enterprise discussed in the literature. Since
no single ontological account of the enterprise covers the range of phenomena to analyse the
alignment of strategic and operational aspects of the enterprise, we have conducted a survey of
enterprise ontology approaches. The semantic layer established through the survey is used in
the analysis of the relations between strategic and operational aspects of a healthcare
organization in a case study we have conducted. The case study illustrates how ontological
theories in the established literature may support enterprise architecture analysis, in particular,



facilitating the alignment between the goals and the operational elements of an organization
(such as processes, roles, resources).
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1 Introduction

A mature approach to enterprise engineering should enable enterprise architects to
address the alignment between strategic and operational aspects of the enterprise as a
means of justifying the existence of each operational element in the architecture. A
minimum requirement to establishing alignment is the identification of the relations
between strategic and operational aspects. Roughly, if we assume that strategic
aspects are captured in goal models (such as those employed in goal-oriented
approaches (Kavakli, et al., 2003)) and that operational aspects are captured in
business process models and other enterprise architecture models, than the
identification of the relations between strategic and operational aspects will answer
the following questions:

6))] Which goals are satisfied (or not satisfied) in the current enterprise
architecture?
(i1) Given a goal or a set of goals in the goal model, which enterprise

architecture elements affect the satisfaction (or non-satisfaction) of these
goals?



(iii) Conversely in respect to (i), given enterprise architecture elements,

which goal or set of goals these elements address?

By answering these questions, one might realize which obstacles represent risks
for the organization’s strategic goals’ satisfiability, thus being able to mitigate these
risks. For instance, one might decide to alter a business process or to give special
attention to crucial activities in order to guarantee that the main goals of the enterprise
are obtained.

Commonly, this goal-driven orientation is adopted by many proposals in the
context of business process management (BPM) works, for example to provide
additional support in business process reengineering activities (Nurcan, et al., 2005)
(Neiger, et al., 2004b) (Halleux, et al., 2008) (Koliadis, et al., 2006a). Most of these
proposals explore the relationship between goal models and business process models
(Nurcan, et al., 2005) (Halleux, et al., 2008) (Koliadis, et al., 2006b) (Kueng, et al.,
1997) (Koliadis, et al., 2006a) (Neiger, et al., 2004b), with many of these extending
business process languages by adopting a notion of goal (Koliadis, et al., 2006b)
(Neiger, et al., 2004b) (Soffer, et al., 2005) (Birgit, et al., 2007).

While the alignment between goal models and business processes is particularly
important in the alignment of strategic and operational aspects of the enterprise, we
have noticed that adopting a purely process-centred view to clarify the alignment is
insufficient, since goal achievement is related with a multitude of enterprise elements
beyond processes. For instance, organizational policies regarding the remuneration of
employees (which are not tied to a specific business process) may affect goal
satisfaction. So perhaps these policies and rules are the elements of the enterprise
which should be revised, instead of particular processes or activities. Further, goal
satisfaction is often partial and only partially defined by certain operational elements.
This aspect is neglected in approaches which establish a direct causal relation
between the execution of particular processes and goal satisfaction. We conclude that
there is an inherent complexity for establishing relationships between goals and the
correspondent elements of the enterprise architecture. Establishing these relationships
requires us to consider the semantics of goals and enterprise elements as well as the
nature of their relations, a challenge which we address in this paper, considering
several ontological accounts for the enterprise discussed in the literature.

Ontology (as a branch of analytic philosophy) is concerned with the nature (kinds
of existents) and relations of being (Guizzardi, 2005). The importance of ontology for
information systems is largely recognized as a means for providing foundations for
conceptual modelling. Ontological foundations have the role of capturing the
ontological categories (concepts) which can provide real-world semantics for
language constructs (Guizzardi, 2005) as well as clarify the structure of the
knowledge (Chandrasekaran, et al., 1999).

According to (Bottazzi, et al., 2005), “an ontological analysis of organizations is
the first, fundamental and ineliminable pillar on which to build a precise and rigorous
enterprise modelling. An ontological analysis makes explicit the social structure that
underlies every organizational setting”. In doing so, ontological foundations for
enterprise modelling are also an essential instrument for providing a common
terminology that captures key distinctions within organizational environments. These
distinctions must be generic across many domains as well as provide adequate



specification of the semantics of the terminology of the enterprise (Griininger, et al.,
2000).

Since we have observed that no single ontological account of the enterprise
discussed in the literature covers the range of phenomena to analyse the alignment of
strategic and operational aspects of the enterprise, we have conducted a survey of
enterprise ontology approaches. The results of this survey are presented in section 2,
and constitute the semantic layer of our approach, defining organizational elements
from an ontological point of view. In this survey, we address enterprise ontologies
that include an account for the notion of goal (or objective). The semantic layer
established through the survey is used further in our approach to relate strategic and
operational aspects of an enterprise (presented in section 3). A case study conducted
in a healthcare organization is presented in section 4, revealing how the semantic
layer is used to facilitate the alignment between the goals and the operational
elements of an organization (such as processes, roles, resources). Finally, section 5
concludes the paper and sets up an agenda for the future work.

2 Semantic Layer

This section presents our survey in the literature of enterprise ontologies as a
means to lay down a common basis for integrating the architectural domains under
consideration (the goal domain and the other architectural domains, such as business
process domain, organizational domain, rule domain and so forth). The ontologies
provide us with relevant concepts in each of these architectural domains and support
us in understanding the nature of each of these concepts. Since the various ontological
accounts are based on different views and assumptions, our approach here is to
carefully select the aspects of each ontology that are relevant to the kind of analysis
we intend to carry out (alignment of strategic and operational concerns), while
maintaining the coherence of the final set of concepts. In order to scope our
investigation, we focus on the concepts which are explicitly related with goals. We
start our considerations with the central concept of organization, and proceed to
discuss roles, agents (their intentions, goals, capabilities, actions and plans), objects
and norms.

2.1 Semantic Layer - Concepts
2.1.1 Organization

Despite the large amount of literature devoted to describing organizations,
especially in social sciences such as economics or anthropology, organizations are
very difficult to define from an ontological point of view (ISTC-CNR, 2005-2007b).
Some proposals argue that organizations can be: (i) social objects (something like a
convention or agreement established by humans as an way of coordinate the human
behaviour) (ISTC-CNR, 2005-2007b); (ii) artifacts (social objects can be seen as
artifacts) which serves to the purpose of orchestrating the collective behaviour (ISTC-
CNR, 2005-2007b), or even (iii) intentional agents that emerge from the aggregation
of several natural persons (human beings) (ISTC-CNR, 2005-2007b) (Guizzardi, et
al., 2007).



In (ISTC-CNR, 2005-2007b), it is argued that, despite the differences in defining
the concept of organizations, at least, there is some agreement (in sociology and
philosophy) in facing organizations as a collective of individuals who enacts some
roles under some constraints (rules and norms) on behalf of some purpose (goals or
ends). This proposal adopts the line which considers organizations as designed agents
who act in the physical world with a specific mission (in other words, organizations
are an abstract social concept, which is separate from the collective body of agents
that composes it (Bottazzi, et al., 2005)).

According to this teleological view, organizations are the result of a decision-
making process that is necessarily based on goals and on how these goals can be
achieved. According to (Dignum, 2004), “an organization can be seen as a set of
entities and their interactions, which are regulated by mechanisms of social order and
created by more or less autonomous actors to achieve common goals”. In turn, this
proposal admits that organizations are more than the sum of the agents which
compose the organization (in fact, roles describe the organizational perspective on
individuals, whereas agents represent the perspective and objectives of the individuals
themselves), but it does not recognizes the organization as a social concept.

In the current work, we adopt the concept of organizations as social agents created
by human societies to manage the behaviour of human agents who act on behalf of
some goals (the teleological aspect) (Dignum, 2004) (Bottazzi, et al., 2005) (ISTC-
CNR, 2005-2007a) (ISTC-CNR, 2005-2007b). Therefore, goals are the drivers for the
creation of organizations as the organizational structure which supports the systematic
pursuit of goals by autonomous agents.

Since organizations are entities apart from their constituent components, it is
important also to highlight that the term “organization” refers to the abstract design of
the organization (the relations holding among the units of the organization or the
“design layer”), rather than the potential realization of some particular organization
(instantiation of some organizational environment, the “realization layer”) (ISTC-
CNR, 2005-2007a) (ISTC-CNR, 2005-2007b).

Regarding the design of organizations, some proposals (Dignum, 2004) (Fox, et
al., 1998) (Uschold, et al., 1998) (Dietz, 2006) conceive roles as the only structural
component in the design of organizations (although they can be hierarchically
arranged by dependencies or power relations), not making explicit the underling
social structure behind these roles (ISTC-CNR, 2005-2007b). However, other
proposals (ISTC-CNR, 2005-2007a) describe organizations as being composed by
sub-organizations as a mean of explicitly describing the organizational structure.
Adopting the concept of sub-organization opens up the opportunity of representing
the organizational structure as a set of institutional relationships, i.e., the organization
under consideration can be interpreted as being an element of an institutional network
of organizations. This kind of representation is useful since internal sub-organizations
can interact with external organizations outside the direct influence or control of the
organization (ISTC-CNR, 2005-2007a).

Given this, we take the second approach in which organizations are described as
structured in terms of sub-organizations as proposed in (ISTC-CNR, 2005-2007a).
According to the model presented in this proposal, organizations are a 4-tuple
composed by a set of objectives, a set of (direct internal) sub-organizations, a set of
institutional relationships and a set of external organizations. The internal sub-



organizations of an organization are the organizations that are linked by a finite chain
of direct internal sub-organization relations. The external organizations of an
organization are the organizations that have institutional relations with the
organization but are not directly controlled by it. Finally, the set of the direct sub-
organizations of an organization is the union of the sets of the internal and external
sub-organizations.

Regarding goals, since the top organization generally has some strategic goals of
its own, these goals must be refined and assigned to its sub-organizations so that these
latter jointly become responsible for attaining the goals of the global organization.
Observe that in this process of refinement, the top organization refines the
organizational high-level goals into more specific goals and assigns them to its sub-
organizations. Moreover, this assignment can also include a specific way about how
to pursue these goals (ISTC-CNR, 2005-2007a).

The specification of a particular structure for the sub-organizations can be
regarded as the mean employed by the designers of the organization to coordinate
sub-organizations to achieve the organization’s global goals. This specification is
imposed by norms that regulate the interaction among these sub-organizations, but the
sub-organizations can also decide to autonomously establish some additional
relationships.

2.1.2 Roles

When the refinement of the organization reaches its lowest level, sub-
organizations with no further decomposition are denominated as roles (Boella, et al.,
2006). Roles are social concepts employed for abstracting from specific agents in
organizations (ISTC-CNR, 2005-2007b), representing the part of the organizational
design which specifies the activities and services necessary to achieve enterprise
objectives (Dignum, 2004). Besides being properly defined by abstract design,
organizations need to exist in reality through some physical structure (what one could
informally call the “translation” from the abstract world to the concrete one). This
realization is made by assigning individual agents to roles through an enactment
relationship. This assignment of agents to roles is made through the signature of legal
contracts (created/regulated through the definition of norms) of the organization with
the agents. The signature of this contract represents a conveyance of the goals of the
role to the agent which is assuming that role, that is, the goals of a role are expected to
be executed by the agent(s) enacting that role.

Observe that, although goals of roles are designed from the organizational point of
view, there is the possibility that a same agent assumes different roles with
contradictory goals. Alternatively, even if the role’s goals do not prevent (or
negatively contribute to) the satisfaction of the goals of the other roles assumed by the
agent, it is also possible that the operationalization to achieve the roles’ goals can
have contradictory characteristics. In both cases, the design of goals by the
organization must take into account this issue so that to avoid this type of situation.

Besides the assignment of agents to roles (considering the absence of any kind of
contradictory characteristic in the goals of roles), the satisfaction of the overall
organization’s goals requires the joint accomplishment of goals of roles as well as the
achievement of goals which do not pertain to any particular individual, but are
common to many agents. Again, the design of goals of roles (as well as the



operationalization) by the organization must also ensure the absence of any kind of
contradiction along its course.

An obvious problem of goal achievement in organizations is the fact that roles are
the design from an organizational point of view, i.e., it is assumed that role playing is
predictable, although this is not always true. To regulate the possible deviations from
the desired behaviour, organizations rely on norms that fix constraints in the
behaviour of agents which enact roles (norms are further explored in section 2.1.6).
These regulative norms are applied to agents as they become affiliated to
organizations via agreements or contracts (ISTC-CNR, 2005-2007b).

2.1.3 Agents

While roles define how the organization aims at implementing its design through
the specification of the behaviour of particular individuals, agents represent the
perspective and objectives of the individuals themselves (agents pertain to the
“realization layer”). In dealing with goal attainment issues, it is fundamental to regard
the characteristics of agents who enact roles in societies in the sense that this can
interfere in the adoption of plans to achieve goals.

In this respect, agent-oriented methodologies cope with agents as autonomous and
heterogeneous entities that exhibit proactive and flexible behaviour (Ferrario, et al.,
2004) as well as mental states (Guizzardi, 2006). In addition, according to Dignum
(Dignum, 2004), agents are able to interact and cooperate with other agents, since
they are socio-cognitive entities, namely, entities endowed with mental attitudes who
assumes that other agents also holds the same characteristic. Dignum also defends
that, since agents exhibit autonomous and heterogeneous behaviour, they may be
more or less committed with organizational aims and strategies according to the
extent to which their own goals are compliant with the organization’s goals. In other
words, the autonomy of agents may lead to undesirable behaviours from the
organizational point of view. Again, as the roles which are assumed by a specific
agent can have contradictory goals (as claimed in the previous section), the agents’
personal goals can also be contradictory with the goals of their roles. In this case,
differently from the previous situation, this does not comprise in a problem of design
of goals by the organization, but instead, in a problem of adequacy of the agent with
its assumed roles. Differently, in Dietz’s work (Dietz, 2006), there is no explicit
distinction between agents and roles: this proposal assumes actors (roles) as being
autonomous entities whose behaviour is regulated by guidelines, thus avoiding this
problem of compliance of agent’s goals with the role’s goals.

In the sequel, we clarify the concept of goal (from an ontological point of view)
and relate it with the components of the BDI cognitive model (Rao, et al., 1991)
proposed in the Al literature for describing agents. In this model, agents are
characterized by three basic mental components: beliefs, desires and intentions.
Further, we also recognize a fourth mental state, namely, capability. We use these
mental states to explain how agents which enact roles within organizations impact in
the organization’s goal achievement. We consider these concepts required to complete
the characterization of the notion of agent (which includes here designed agents such
as the organization and its organizational units or individuals playing roles in the
organization).



Intentions and Beliefs. In addition to defining norms and rules, one may attempt to
enforce that organizational roles are met by selecting (human) agents who are fully
committed with the organizational goals. In this case, the participation (or admission)
of the human agent in the organization is conditioned by the compliance of his/her
intentions with respect to the goals of the organization.

Searle (1995) explains that intentionality is the feature of constructing mental
representations by which they are about something or directed at something.
Intentionality is then the requisite for entertaining intentional mental states (beliefs,
desires, fears, or making hypotheses). Therefore, the common characteristic of these
mental states is that they refer to possible situations of reality (Bottazzi, et al., 2006a).
In (Guizzardi, et al., 2008a), these individualized properties of some individuals are
denominated as mental moments and are existentially dependent on these individuals
(the bearers) (observe that the term moment does not bear the temporal notion which
is associated in the colloquial language).

Every mental (intentional) moment has a type (belief, desire or intention) and
some propositional content (the propositional content of an intention is a goal as
argued in next sub-section). An intention is a goal that the agent commits at pursuing
(Guizzardi, et al., 2008a); while desires represent the “will” of an agent towards a
specific goal, although it might never actually pursue these goals (Guizzardi, et al.,
2007). Actually, the main difference between desires and intentions relies on the
association of intentions with the actions, leading agents to be committed in pursuing
the goal through the instantiation of some plan (Guizzardi, et al., 2007). The same
idea of intentions is explored by (Bottazzi, et al., 2006a) that affirms that “an agent is
considered to be intentional when not only it builds a (mental) representation of the
goal, but also a representation of the action necessary to its achievement, and of the
resulting consequences” (therefore, “intend something” in its ordinary sense is, in
fact, a specific type of intentionality termed as intention). Regarding the concept of
belief, we analyse two distinct works, namely (Ferrario, et al., 2004) and (Guizzardi,
et al.,, 2008a). In the former, perceptions about the external world may cause the
creation of mental objects in the agents. The processing of these perceptions by an
agent can lead to the creation of beliefs. From these beliefs, desires can be derived.
Finally, desires can lead to the creation of intentions. Therefore, intentions are
existentially dependent on beliefs to be created. Goals, in turn, are reliant on beliefs to
be pursued. In the latter, beliefs are intentional moments of agents created from the
perception of the world. Guizzardi’s proposal is different from Ferrario’s proposal in
the sense that the latter cites a processing step from percepts to beliefs, while the
former does not mention the existence of some kind of processing in the agents’ mind.

Goals. The concept of goal is widely used in agent-orientation and related fields,
ranging from conceptual goal modelling in Agent Organizations and Requirements
Engineering to goal execution in Al Planning and Agent Teamwork (Guizzardi, et al.,
2007). For example, in the area of Requirements Engineering, the concept of goal is
widely used for the definition and analysis of the objectives of the involved
stakeholders and the future system. The need of capturing the aspirations of the
human stakeholders for the target system leads to the definition of the concept of goal
in terms of the desired functionalities of such system, as shown in (Lamsweerde,
2001) (Regev, et al., 2005).



Even with the widespread dissemination of the goal-orientation paradigm in the
aforementioned areas, there are few works which define the concept of goal from an
ontological point of view. Among of these works, in (Markovic, et al., 2008), “a goal
expresses an attainable, measurable and time-bound state of the world that should be
achieved or sustained (...)”. Similarly, goals are also defined as “the set of desired
state of affairs” in (Guizzardi, et al., 2007) and (ISTC-CNR, 2005-2007b) (the
definition used in this paper). Another definition of goals states the semantics of such
concept on the basis of other ontological concepts: goals are the specialization of a
mental moment, i.e., “the propositional content of Intentions” (Guizzardi, et al.,
2007). As argued in (Guizzardi, et al., 2007), the external concept regards a state of
affairs desired by an agent (here called goal), and the internal one is the desire itself,
which is part of the agent’s mental state.

Capabilities. In (ISTC-CNR, 2005-2007b), it is argued that agent’s capabilities
determine the potential states of the world that the agent can hold in executing
actions. In other words, while beliefs influence agents in the choice of some particular
strategy to achieve some goal, capabilities determines how effectively the agent will
execute the chosen strategy.

2.1.4 Actions and Plans

In previous sections, we have discussed how mental states affect agents to adopt
actions in the pursuit of goals. Although the distinction between goals and actions is
quite important as demonstrated in the BDI model, it is not always clear in the
existing works as argued by Guizzardi et. al in (Guizzardi, et al., 2007) which
explicitly recognize this separation. Goals are a set of states of affairs (i.e. a set of
world states), whereas actions (or action events) are events created by agents with the
purpose of attaining goals (Guizzardi, et al., 2007). Therefore, since actions are
realized by intentional agents, they are also intentional transformations of reality.

During the process of creation of actions to fulfil goals, agents commonly face
different alternative solutions for achieving the same goal. In this decision-making
process, there is potential misalignment between the choice of some plan and the
satisfaction of the goal associated with this plan. This “misalignment” refers to a
possible inadequacy of the plan or due to an intrinsic limitation of the goal to be
satisfied in its totality. Therefore, for goals to be achieved, intentions must drive the
adoption of “proper” plans.

Concerning this issue, some ontologies (ISTC-CNR, 2005-2007b) (Guizzardi, et
al., 2007) distinguish between the planning process (in which agents deliberate about
which actions must be executed under some constraints) and the instantiation of
actions which actually achieve the goal. Planning comprises in decision-making
process with the purpose of choosing which actions are better applied to achieve some
situation, considering the current constraints to which the agent is subjected.
Therefore, in these frameworks, “a plan is an action type that an agent intends to
execute (more correctly the agent intends to execute an instance of that action type) to
achieve a goal” (Guizzardi, et al., 2008a). We consider the execution of some
business process to be the execution of a plan, which entails the execution of one or
more ordered atomic actions, targeting a particular outcome. In other words, the



execution of a business process is the performance of a complex action (using the
terminology in (Guizzardi, et al., 2007)).

2.1.5 Objects

In several ontologies, objects are endurants, i.e., entities that “are in time”, like a
ball, a pen, or a flower. Endurants are the opposite of perdurants (or events) that
correspond to entities that “happen in time”, like a business process, a wedding, etc.
(Guizzardi, 2005) (Bottazzi, et al., 2006b).

In (Guizzardi, 2006), the concept of physical object is specialized into physical
agent and non-agentive object. The classification in relation to the agentivity refers to
the ability of the object of holding intentionality. Physical agents and their relation
with goal achievement have already been explored in previous topics. Therefore, here,
we refer to non-agentive objects to explain their relation with goal achievement.

Objects can be physical (e.g., an equipment, a device) or social (e.g., money,
language and normative descriptions (Bottazzi, et al., 2006b) (Guizzardi, et al.,
2008a). Normative descriptions are further explored in next section.

Objects are denominated as resources when they are used by an agent with a
specific purpose. In this case, how the resource participates in the action affects how
goals are achieved. With that respect, in (Guizzardi, et al., 2008a), authors define that
there are four different modes of resource to participate in actions, namely, creation,
termination, change and usage.

Informally speaking, a resource creation and termination correspond respectively
to the creation and termination of some resource in the organizational environment. A
resource change means that some property (moment) of the resource has been altered
by an action and finally, a resource usage is a kind of participation which is not any of
the three aforementioned modes. Sometimes, the way how the resource participates in
the action is determinant for goals to be achieved. An example of how a resource
participation impacts some goal to be fulfilled is when some agent has to access to the
resource to achieve a goal or the way that some agent manipulates a resource
previously accessed to achieve a goal (in this latter, highlighting the role of agent’s
capabilities in manipulating certain resources to attain organizational goals).

2.1.6 Rules and Norms

Organizations are entities that strongly depend on norms; i.e., they are completely
made up of norms (ISTC-CNR, 2005-2007b). The proposals in (Boella, et al., 2006)
(Bottazzi, et al., 2006b) (Guizzardi, et al., 2008a) view rules and norms as a
collectively recognized descriptions which act as enforcement mechanisms to restrain
the individual behaviour of agents, regulating all sort of organizational interactions
among them, including delegations, relationships with internal/external organizational
entities as well as defining concepts within the organizational setting.

Botazzi (Bottazzi, et al., 2006b) and Searle (Searle, 1995) suggest three different
kinds of norms based on the different functions they have; constitutive norms, deontic
norms and technical norms. Searle in its construction of social reality (Searle, 1995)
explains that constitutive norms have the function of creating concepts, whereas
deontic norms constrain the existence of pre-existing concepts. Technical norms
describe the correct procedure to do something, i.e., they specify how a plan should



be executed (Bottazzi, et al., 2006b). For a detailed description of these distinctions,
please refer to (Cardoso, 2009) (Almeida, et al., 2011).

2.2 Summary of Concepts

Table 1 summarizes the elements that compose our semantic layer, extracted from
the various ontologies surveyed. The various definitions that have been investigated
for the same element are presented, and, in the cases in which there has been
significant convergence, a single merged definition is provided.

Table 1 A Summary of Definitions for the Elements of the Semantic Layer

Semantic
Layer

Definition Adopted for

Surveyed Definitions the Semantic Layer

Social  objects (ISTC-

Designed social agents

Organization

CNR, 2005-2007b)

Artifacts (ISTC-CNR,
2005-2007b)

Designed social agents
(ISTC-CNR, 2005-2007b)
(Guizzardi, et al., 2007)

who act in the physical
world with a specific
mission (ISTC-CNR,
2005-2007b) (Guizzardi,
et al., 2007)

Organization

Organizational
structure

Roles are the only
structural component in
the design of organizations
(Dignum, 2004) (Fox, et
al., 1998) (Uschold, et al.,
1998) (Dietz, 2006)

Sub-organizations  and
roles describe the
organizational structure.
Organizations are a 4-
tuple composed by a set
of objectives, a set of

(direct internal) sub-
organizations, a set of
institutional relationships
and a set of external
organizations (ISTC-
CNR, 2005-2007a).

Sub-organizations and
roles describe the
organizational  structure
(ISTC-CNR, 2005-2007a)

Role

Roles are social concepts employed for abstracting
from specific agents in organizations (ISTC-CNR,
2005-2007b),  representing the part of the
organizational design which specifies the activities and
services necessary to achieve enterprise objectives
(Dignum, 2004). Roles are specific type of sub-
organizations that have no further decomposition
(Boella, et al., 2006).

Agent

Autonomous and heterogeneous entities that exhibit
proactive and flexible behaviour (Ferrario, et al., 2004)
as well as mental states (Guizzardi, 2006).

Intention

A goal that the agent commits at pursuing (Guizzardi,
et al., 2008a) (Bottazzi, et al., 2006a)

Agent Desire

Represents the “will” of an agent towards a specific
goal, although it might never actually pursue this goal
(Guizzardi, et al., 2007) (Bottazzi, et al., 2006a)

Belief

Correspond to perceptions about | Intentional

the external world may cause the | moments of
creation of mental objects in | agents created
agents. The processing of these | from the




perceptions by an agent can lead to
the creation of beliefs (Ferrario, et
al., 2004).

Intentional moments of agents
created from the perception of the
world (does not mention the
existence of some kind of
processing in the agents’ mind)
(Guizzardi, et al., 2008a)

perception of the
world (with a
pre-processing
step)  (Ferrario,
et al, 2004)
(Guizzardi, et
al., 2008a).

Goal

Expresses an attainable,
measurable and time-bound state
of the world that should be
achieved or sustained (...)”
(Markovic, et al., 2008)

The set of desired state of affairs
(Guizzardi, et al., 2007) (ISTC-
CNR, 2005-2007b)

The propositional content of

The set of
desired state of
affairs

(Guizzardi, et
al., 2007) (ISTC-
CNR, 2005-
2007b)

intentions  (specialization of a
mental moment) (Guizzardi, et al.,
2007)

Capability

Determine the potential states of the world that the
agent can hold in executing actions (ISTC-CNR, 2005-
2007b)

Actions and
Plans

Actions

Actions (or action events) are events created by agents
with the purpose of attaining goals (intentional
transformations of reality) (Guizzardi, et al., 2007)
(ISTC-CNR, 2005-2007b)

Plans

In the planning process, the agents deliberate about
which actions must be executed under some
constraints. Therefore, a plan corresponds to an action
type that an agent intends to execute (more correctly
the agent intends to execute an instance of that action
type) to achieve a goal (Guizzardi, et al., 2008a)
(ISTC-CNR, 2005-2007b)

Objects

Objects are endurants, i.e., entities that “are in time”,
like a ball, a pen, or a flower. Endurants are the
opposite of perdurants (or events) that correspond to
entities that “happen in time”, like a business process, a
wedding, etc. Objects are denominated as resources
when they are used by an agent with a specific purpose
(Guizzardi, 2005) (Bottazzi, et al., 2006b)

Norms and Rules

Collectively recognized descriptions which act as
enforcement mechanisms to restrain the individual
behaviour of agents, regulating all sort of
organizational interactions among them, including
delegations, relationships ~ with  internal/external
organizational entities as well as defining concepts
within the organizational setting (Boella, et al., 2006)
(Bottazzi, et al., 2006b) (Guizzardi, et al., 2008a)




3 Relating Strategic and Operational Aspects Using the Semantic Layer

3.1 Background

Our investigation on the semantic layer (described in section 2) was motivated by
the difficulties encountered in establishing the relation between strategic and
operational aspects of the organization in the scope of a case study we have conducted
in a healthcare organization.

Our initial hypothesis for the study was that goal models and business process
models would allow us to establish the links between the strategic and operational
aspects of the enterprise. Thus, we have designed the case study as a series of iterative
interview, modelling and validation rounds, resulting in goal models and business
process models in Tropos and ARIS EPCs respectively. Our decision to represent goal
models and business processes models using different modelling languages can be
accounted by our expressiveness requirements and the support provided by the
modelling languages: while ARIS supports business process modelling and detailed
organizational structures, it offers an overly simplistic set of goal-related concepts; in
its turn, Tropos offers a rich set of goal-related concepts (and associated goal analysis
methods), while refraining from addressing business process modelling in detail.

After separately elaborating goal models and business process models, we have
attempted to address the issue of the alignment between the goals captured in the goal
models and the organizational behaviour captured in business process models.

We have asked domain experts the following questions (using the goal models as
a guide): (i) what is necessary for this goal to be achieved? (ii) is this goal currently
achieved? (iii) if not, why?, and (iv) what would be the necessary change(s) in the
organizational environment for this goal to be achieved? The responses of these
questions pointed not solely to activities and business processes, but also prominently
to organizational norms, agent’s beliefs and capabilities, conflicts in agent’s goals,
availability of resources (such as equipment and information systems), definitions of
roles in the organization, etc. As a consequence, it became clear the initial hypothesis
was not valid in the organizational setting and that the alignment between strategic
and operational aspects could not be established solely through goal models and
business process models. This has justified the investigation into the semantic layer,
and prompted us to adjust our study to incorporate the various semantic relations
between goals and other elements of an enterprise architecture beyond organizational
behaviour captured in business process models. In section 3.2, we report on the
approach that resulted from this investigation. Later, in section 4, we discuss the
application of the approach in a case study in a specific enterprise setting.

3.2 Approach

The following steps are performed for each goal in a goal model:

1) Apply the aforementioned questions to identify which enterprise architecture
element is responsible for the achievement of the goal, hence mapping this
element to the concepts in the semantic layer;

2) Examine the nature of the relation between goals and the identified elements
(including other goals), considering the relations in the semantic layer;



3) Check the completeness of the concepts and relations identified
spontaneously in the responses of domain experts (step 1). This step involves
using the concepts and relations in the semantic layer to verify the elements
that were not elicited in the responses, but which may also contribute or pose
a threat to goal satisfaction.

4) Map the semantic layer concept to the correspondent architectural element in
the process model (if possible given the limited expressiveness of the process
model when compared with the semantic layer). This is required to maintain
the relations between goal models and processes models,

To illustrate the application of the procedure, consider that the questions
associated with a given goal G, revealed that the satisfaction of the goal is somehow
related to an action or a process that is modelled in the process model (we call this
process as plan P, in the semantic layer). The subsequent step (2) requires us to
consider the nature of the relation between G, and P; by employing the semantic
layer. The semantic layer reveals various alternative interpretations for the relation
between a goal and a plan. One of these is that achievement of the goal depends on
the planning process that ultimately selects Py. During the planning process, in order
to consider the satisfaction of the goal G4, one has to select between two alternative
activities/processes P; and P, to achieve the goal. In this case, there are several
alternative activities/processes, and one has to decide the most suitable alternative.
The goal is best achieved depending on the activity/process chosen during this phase.
A second admissible interpretation is that the activity/process P; is the only alternative
to achieve the goal G, and the activity/process has to execute to achieve the goal (the
achievement of the goal is not related with the planning process). In this case, what
matters for the goal Ga to be achieved is not the selection among alternatives, but
rather the instantiation of the activity/process. In that respect, we have also to settle:
(i) whether the process P, has to execute one time (one instantiation) to achieve the
goal G, or; (ii) whether the process P; has to execute several times (several
instantiations) to achieve the goal G5. The correct semantics for the relation between
Gy and Py must be settled through interviews with domain experts. Having settled the
semantics for the relation between G, and P;, we may investigate other possible
relations for G not uncovered by the questionnaire (step 3), with the purpose of
leveraging the relations in the semantic layer to lead to a more complete identification
of the alignment. One may ask in this example: Do the goals of the agents who
perform the process P, interfere in the achievement of the goal?; Do the capabilities
of the agents affect goal satisfaction?; Do the objects (resources) employed in P,
contribute to the achievement of the goal?; etc. Finally, we record the
correspondences identified between the semantic layer concept and the elements in
the process model (e.g., the correspondence between P; and specific processes or
activities in the process model).



4 Case Study Goal Alignment in a Rheumatology Department

The case study was performed in the Rheumatology Department of the Cassiano
de Moraes University Hospital (HUCAM) in Vitdria, Brazil. We have elicited 8 sets
of validated AS-IS goal and business process models, concerning 8 of the 15 business
processes performed by the organization and one extra goal model to capture strategic
aspects that are relevant for many business processes at once. We then applied the
approach described in section 3.2. We explore here some examples found in the
context of the study. We emphasize the role of the semantic layer in the application of
the approach and thus we have selected examples which are representative enough to
show the various relationships captured in the semantic layer. Due to space
constraints, we select here a relatively small number of examples and omit most of the
models; for a complete set of results please refer to (Cardoso, 2009).

4.1 Example 1: The involvement of Goals, Plans and Capabilities

Figure 1 depicts a fragment of the Physician’s goal model. This fragment shows
the refinement of the Confirm Clinical Suspicion of Sjégren Syndrome goal, which is
central to our first example. The goal is a refinement of the overarching Diagnose
Patient’s Health State (not depicted in Figure 1).

confirm clinical
suspicion of sjdgren
syndrome

confirm clinical
suspicion of sjdgren
syndrome through
biopsy

confirm clinical
suspicion of sjdgren
syndrome via

salivary flow exam

reduce complexity
in the realization
of procedures

reduce the dependency
of experient physicians
in the realization of
procedures

~ -

Actor perspective OR decomposition Contribution

Figure 1 The physician's goals (fragment of the goal model)

Step 1 of the approach reveals that the goal can be satisfied through two alternatives
procedures (actions), namely, via biopsy or salivary flux exam (for this reason, the
goal has been refined into two goals, namely Confirm Clinical Suspicion of Sjogren



Syndrome through Biopsy and Confirm Clinical Suspicion of Sjogren Syndrome via
Salivary Flow Exam). Therefore, the Confirm Clinical Suspicion of Sjogren Syndrome
goal (Gy) is related to the ontological category of Actions in the Semantic Layer

(Figure 2).
~ = ] =3
Agi s Agent’s
intentions personal
GA and beliefs goals
Agent’s
> Actions capabilities
Rules
Objects and
Norms

Actor perspective  OR decomposition Contnibution

Goal model SemanticLayer Process model

Figure 2 Example: Step 1 - Initial identification of relations

In step 2, the relations between the goal and the two identified actions are analysed.
The biopsy of the salivary gland (P;) is the most effective exam which can be chosen
to achieve the goal since it confirms the clinical suspicion of the condition (Sjogren
syndrome) with one hundred percent certainty. In contrast, the salivary flow exam
only provides some insights for the physician. Nevertheless, the first exam applied for
diagnosis is always the salivary flux exam (an inferior method to achieve the goal). In
other words, the biopsy exam is the best plan to be applied since it (completely)
satisfies the goal (in opposition to the salivary flow exam which satisfies the goal
within certain limits), but it is only applied when the first solution has failed in
achieving its goal (confirm clinical suspicion of the condition). The prioritization of
the salivary flux exam is accounted by the complexity, risk and knowledge required in
a biopsy exam. If we perform a contribution analysis in Tropos (Bresciani, et al.,
2003), it is said that while the salivary flow exam positively contributes to Reduce the
dependency of experient physicians in the realization of procedures, Reduce risk in
the realization of procedures and Reduce complexity in the realization of procedures
goals, the biopsy procedure contributes negatively to the same goals. Therefore, due
to its positive contribution to other goals, the salivary exam is prioritized to confirm
the condition. Observe that in the first case, there is a plan which better achieves the
goal, but another plan (which satisfies the goal within acceptable limits) is chosen.
After this analysis and by applying the semantic layer, we may conclude that the
achievement of the Confirm Clinical Suspicion of Sjégren Syndrome goal depends on



the planning process (first interpretation for the nature of the relation). In Figure 3,
our interpretation of the relation led us to identify two actions P; (refers to the
activities that correspond to the biopsy) or P, (refers to the activities that correspond
to the salivary flow exam) to satisfy the goal during the planning process.

—
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and beliefs goals

‘confirm clinical
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1 capabilities

Physician |
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and
Norms

reduce risk
in the realization
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Y . |
\ reduce complexity 3 y | 1
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I
I
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gt o | Step 2
procedures
1
1
Q™
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Aaorpe._,p«uve OR decomposition  Contribution
Goal model SemanticLayer Process model

Figure 3 Example: Step 2 — Analysis of relations

In step 3, we consider the completeness of the concepts and relations identified
spontaneously in step 1. In this case, we discover that although the satisfaction of the
goal is associated with the realization of some exams, this is not the central aspect for
the satisfaction of the goal. Instead, what indeed makes the difference is the capability
of the involved physicians to select the best plan based on constraints (or priorities)
imposed on them during the planning process. In this case, since the achievement of
the goal relies not only on the planning process, but also on the capabilities of the
physicians who perform the planning process. Consequently, the achievement of the
goal (which can be accounted by the procedures, physicians and physicians’
capabilities) has been mapped to the concepts of Plans (section 2.1.4), Roles (section
2.1.2) and Capabilities (section 2.1.3) in our semantic layer (Figure 4). This first
example illustrates that although activities are necessary to achieve some goals, solely
considering these activities in isolation is not sufficient to analyse the goal
satisfaction.
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Figure 4 Example: Step 3 — Identification of relations using the semantic layer

Since the achievement of the goal is related to three ontological categories (that may
be modelled in the process models), we mapped the ontological categories to their
respective elements in the process model (step 4). In this case, Plans, Roles and Capa-
bilities are respectively mapped to biopsy (P)) or salivary flux exam (P,), physician
and physicians’ capabilities in the process model. Observe that in this example, the
model is able to capture the plans (activities) and roles, but lacks a more expressive
notation to express roles’ capabilities and for this reason in Figure 5, physician and
physicians’ capabilities are mapped to the same element in the process model.
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Figure 5 Example: Step 4 — Identification of traceability correspondences



4.2 Example 2: The involvement of Goals, Capabilities and Objects

In our second example, we demonstrate how (social or physical) objects are used as
mechanisms for improving the satisfaction of goals in the context of the domain.
Following the steps of our approach:

1))

2)

3)

4)

Concerning the physician’s goal to Reduce Patient Suffering through
Infiltration, the question/response indicated that the achievement of the goal
is impacted by the ability/experience of the physician in manipulating the
resources (the better the physician can guide the injection of the drugs within
the affected areas, the higher is the relief felt by the patient). The mapping for
the semantic layer revealed that the achievement of the goal is associated with
the ability of the physician (Capability) in manipulating some resource
(Object Usage).

Regarding the examination of the nature of the relations, the only possible
interpretation is that the agent’s capabilities to inject the drug will determine
how well the goal is going to be achieved. Additionally, considering the
resource involved, the semantic layer also revealed that the way how the
resource participates (how it is manipulated) in the action is determinant for
goals to be achieved.

The addition of a device for guiding the infiltration (an ultrasound or
radioscopy) significantly improves the level of the achievement of this goal.
Therefore, besides the relations identified in the previous step, we also add
resources (Objects) that can significantly improve or even completely satisfy
the goal to account for the goal satisfaction. Regarding the semantics of the
relation, we interpret that access to the device for guiding the infiltration
increases the level of satisfaction of the goal.

In this example, the expressiveness of the process models does not cover the
elements associated with the satisfaction of the goal and therefore, this step is
not performed here.

4.3 Example 3: The involvement of Goals and Norms

Our third example is related to (deontic) norms for enforcing the satisfaction of goals.
Following the steps of our approach:

1))

The questions/responses indicated that the patient’s goal to Obtain high cost
drug with no monetary charge is regulated by a state law which addresses the
financing of some high cost drugs by the state government. In this case, a rule
from the state is responsible for regulating who can access the resource (high
cost drug) within the organizational environment, even though this affects
other resource saving directives in the organization (the law states that some
high cost drugs must be covered with public money unconditionally for
special types of conditions). Concerning the mapping to ontological
categories, high cost drug is a classified as a Physical Object (section 2.1.5)
and the implementation of the goal is made through a Deontic Norm (section
2.1.6), i.e. a state law for the regulation of drugs access.



2) With the support of the semantic layer, we interpreted that the access to the
high cost drug (resource) satisfies the goal (which in its turn positively
contributes to the satisfaction of higher-level goals such as Minimize patient’s
physical suffering and Promote quality of life), whereas the deontic norms
regulate who is able to access it (constrain the behaviour of the agents that do
not have the right to access it).

3) No additional elements were revealed in the completeness verification for this
goal.

4) The expressiveness of the process models is not able to capture the
ontological categories responsible for the satisfaction of this goal.

An important comment refers to the notion of partial/total satisfaction of goals. A
recurrent characteristic of the satisfaction relationships within the case study is that
even if the necessary elements for the satisfaction of some goal are provided, it does
not entail the total satisfaction of this goal, but instead the goal may be satisfied
within partial limits. For instance, achieving the Avoid the occurrence of
complications during drug administration goal depends on the physician’s technical
knowledge to perform some pre-emptive actions, e.g. to administrate a drug for
controlling the blood pressure. Nevertheless, the successful achievement of the goal is
related not only with the physician’s technical knowledge or with the pre-emptive
actions, but primarily with the response of the patient to this treatment (observe that
even if the physician adopts all the relevant solutions for achieving the goal, it may
not be attained or may be partially attained). In this case, satisfaction of the goal is
outside the control of those who set up the organizational environment.

4 Conclusions and Future Work

In this work, we contributed to the identification of the relations between the
strategic and operational aspects of the enterprise architecture applying an ontology-
based approach. This approach has required a survey of the literature on enterprise
ontologies, focusing on the basic social components which form organizations (i.e., an
enterprise’s basic building blocks) and on how these blocks are related with the
achievement of the enterprise’s goals.

Our work advances the state-of-the art in Enterprise Architecture Management
and by relating goals and other elements in the enterprise architecture, as opposed to
considering business processes as the sole operational component of the enterprise.
We employ enterprise ontologies to account for the selection of a broad spectrum of
enterprise elements that covers different aspects of the enterprise in a real-world
setting. We consider that these points represent important differences from our
proposal with respect to existing goal-oriented business process modelling
approaches. The use of enterprise ontologies brings about two benefits: first, this
teleological discussion can be considered complementary to the theoretical literature
of enterprise architecture in the sense that it has provided some important
relationships among goals and the other enterprise elements which have not been
covered by the previous proposals, such as the relationships among the agents’
personal goals and roles’ goals. Second, exploring the literature in ontologies has



opened the possibility for us to apply a theoretical basis in a practical scenario,
helping in clarifying the structure and relationships of the organization.

Concerning the proposed approach to relate goals and enterprise elements, we
have observed that identifying the elements which impact on the satisfaction of
certain goals is in some cases straightforward, e.g., consider the fact that in the current
enterprise setting a Rheumatologist is required to perform the actions to satisfy the
Diagnose Patient’s Health State goal. In other cases, however, knowledge about
specificities of the domain under consideration is required. For instance, in order to
satisfy a “safety” goal in the context of drug infusion in a particular rheumatologic
treatment, devices for measuring the patient’s blood pressure are required as well as
procedures to employ these devices continuously during treatment. For this reason,
we believe that ethnographic observation of an enterprise’s daily operation should be
complemented with interviews with highly skilled personnel, which can provide
guidance in case domain-specific knowledge is required. In our case study, interviews
with hospital administrator and medical doctors were a valuable instrument in
uncovering motivations for operational aspects of the organization.

The case study has revealed that: (i) goal satisfaction often requires multiple
enterprise elements simultaneously (from different architectural domains, such as
procedures/actions, norms, agents, their capabilities, and resources) and (ii) relations
between enterprise elements and goals are not “causal” in the sense that even if the
necessary enterprise elements have been provided, goals may not be satisfied.

Our survey has revealed the need to align ontological theories from several
different sources, as these sources emphasize different aspects of the enterprise that
have shown to be relevant in the analysis of goal satisfaction. We are aware that the
integration of several ontologies can bring about semantic inconsistencies, since each
ontology defines its concepts based on different assumptions and foundations. We
recognize that this semantic interoperability is an issue that cannot be neglected in this
integration. Nevertheless, we argue that enterprise modelling covers a broad scope of
the social domain which is currently not addressed by a sole enterprise ontology.
Certainly, a systematization of the concepts presented here in the definition of a
coherent formal ontology is a natural direction for future work and remains a
significant challenge. This enterprise ontology must not be developed as a unique
artefact aiming at representing the entire complexity of organizations; instead, it
should be composed by several ontologies which (explicitly) commit to different
philosophical choices, i.e. each of these ontologies concerns a different paradigm or
way of conceptualizing organizations. The value of each ontology would depend on
its usage scenario and purpose. In this particular work, we have focused on the
explanatory power of the ontological theories to reveal issues in the alignment
between the strategic and the operational aspects of an enterprise architecture.

As future work, we envision the use of enterprise models with well-defined
ontology-based semantics to represent organizations. A rich ontology-based semantic
foundation can be considered the first requirement to build rigorous representations of
the organizational setting, capturing ontological distinctions which are relevant to
pursue enterprise analysis and design. We also believe that such rigorous
representation of the organization can be used to support formal reasoning during the
selection of the strategies which will be adopted to attain a set of goals or strategic
directives. This should be fruitful in the systematization of business process



reengineering efforts. Nevertheless, we can not disregard the fact that these
reengineering efforts have to consider the domain knowledge specificities, which
limits the automated applicability in producing the results with the same quality than
the techniques developed by human specialists of the domain.
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