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Abstract. Our research aims at developing a method to link collaborative en-
terprises with their supporting information systems. The proposed method is 
founded on the ontology-based enterprise conceptual modeling, the subsequent 
transformation of enterprise ontology conceptual patterns into factual know-
ledge of (artificial) cognitive agents, as well as the use of this knowledge on ex-
ecution of action rules assigned to agents. The discussed ontology conceptual 
patterns allow better link the metadata of both the production and the intersub-
jective world of an enterprise and, consequently, to provide support to cognitive 
agents in their perception of observed situations. Better “understanding” of situ-
ations contributes to more accurate run-time execution of agent’s action rules 
supporting business transactions. The proposed method is demonstrated and 
discussed in application to a fictitious but realistic case study from the pizza 
production domain. 
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1 Introduction 

To effectively respond market demands, members of collaborative enterprise net-
works or autonomous departments of a networking organization may need virtual 
collaborative assistants able to (semi-)automate their interactions and information 
exchange. In addition to being able to follow the formalized patterns of business inte-
ractions and actions [1], such virtual assistants are required a number of developed 
perceptual and cognitive functions for a proper support of the dynamics of business 
interactions in connection with the observed state of affairs, as well as for sharing of 
information resources. However, developing enterprise information systems able to 
assign meaning to the observed states of their environment or themselves is still a 
huge challenge [2]. Henceforth, we use term cognitive agent [3-4] when referring to 
an enterprise information system able to interpret states in an enterprise world and to 
react to them in accordance with the fixed behavioural patterns and internal represen-
tations of the states to be reached. 

Our analysis of existing solutions providing the functions similar to those of cogni-
tive agents was made on the assumption that (i) the implemented metadata of a cogni-



tive agent underlie its perceptual ability; moreover, (ii) the semantic power1 of meta-
data defines agent’s interpretation ability, i.e., an ability to extract the information 
behind a piece of data. In addition, we believe that the interpretation ability of cogni-
tive agents can be reinforced by the use of codified (implemented) ontologies as se-
mantic domains [5] for the definition of formal and real-world semantics of metadata 
schemes. Thus, we selected some recently reported works on enterprise supporting 
information systems, which contain metadata description and refer to the underlying 
ontologies [6-11]. In these works we assessed the semantics of metadata, a method of 
its domain specification, a possible representation (by metadata elements) of com-
mitments and claims [1], [12] created in business interactions, the relation between 
social commitments and a service (or product) lifecycle; and the power of implemen-
tation technologies. 

In our work, we make an attempt to overcome the drawbacks of existing approach-
es to data modeling. We elaborate on the abilities of cognitive agents ensured by their 
metadata, which (i) is built upon the enterprise ontology with formal semantics; (ii) 
inherits imperative enterprise concepts from the enterprise ontology; (iii) relates a 
service lifecycle to social commitments; (iv) keeps personal responsibilities of enter-
prise actors for changes in the production world; (v) creates the possibility for integra-
tion of domain knowledge with business interactions.  

The semantic domain of the proposed metadata is established by the Formal Enter-
prise Ontology (FEO), which is derived from a synthesis of (1) the Unified Founda-
tional Ontology (UFO) [5] and (2) the enterprise ontology DEMO (Design and Engi-
neering Methodology for Organizations) [1]. Though we do not provide the details of 
FEO in this paper, we present some enterprise ontology conceptual patterns [13] built 
upon this ontology. These patterns have a very high-level of abstraction, they are easy 
to share, comprehend, re-use and extend [14]. Being codified by means of Semantic 
Web technologies, these patterns provide strongly interrelated metadata elements, 
which preserve the formal semantics of FEO. 

In this paper, we also propose an approach to data and metadata processing by 
cognitive agents. Firstly, this approach focuses on the composition of a factual know-
ledge [15-16] from data and metadata available for agents. Then, we elaborate on the 
ability of cognitive agents to exploit their factual knowledge on execution of action 
rules assigned to them. The proposed approach is based on a meta model for modeling 
organizations proposed in [1] and complement existing solutions aimed at mainten-
ance and control of business interactions in an enterprise (e.g., [7], [17-20]).  

The outline of this paper is organized as follows. First, the theoretical background 
and the methodology of our work are summarized in Sect. 2 and 3 respectively. In 
Sect. 4, we propose a simplified version of the ontological framework for knowledge 
management operated by cognitive agents. Then Sect. 5 illustrates the application of 

                                                        
1  In computer science, the notion of semantics is twofold. In AI research, semantics is unders-

tood as a mapping (interpretation) from the language vocabulary to concepts that stand for 
entities in the real world. In other works, the term (mathematical) “semantics” is used to de-
note rules for automated interpretation, which are not necessarily related to a real-world 
conceptualization [5]. In our work, both notions of semantics are used. 



the framework to Pizzeria as an example organization. Finally, Sect. 6 presents the 
final considerations and directions for further research. 

2 Theoretical Background 

In this section, we briefly present the underlying ontologies of the proposed metadata 
as well as elaborate on the notion of factual knowledge. 

2.1 The Unified Foundational Ontology (UFO) 

The philosophically, linguistically and cognitively well-founded foundational ontolo-
gy UFO was first proposed by Guizzardi in [5] and has been developed in many 
works afterwards. UFO consists of four main parts: an ontology of endurants (objects, 
continuants) – UFO-A [5], an ontology of perdurants (events, occurrents) – UFO-B 
[21], an ontology of social entities – UFO-C [22], and an ontology of services – UFO-
S [23]. Hereafter, we briefly summarize the formal and ontological meta-properties of 
some types elaborated in the first three parts of UFO. These types are represented by 
stereotypes in the metamodel of the OntoUML conceptual modeling language [5]. 

UFO-A explains a number of distinctions among object types. Whilst all types car-
ry a principle of application, only sortal types either provide or carry a uniform prin-
ciple of identity for their instances. In this research, we exploit the following sortal 
types: Kind, Subkind, Role, Phase. While Kinds provide a principle of identity for 
their instances, Subkinds carry the principle of identity supplied by Kinds. Moreover, 
Kinds and Subkinds carry out a meta-property of rigidity being necessarily applied to 
their instances in every possible world. In contrast, anti-rigidity characterizes a type 
whose instance(s) can cease to be an instance of that type without ceasing to exist and 
without altering its identity. For example, a particular individual, which is an instance 
of type Student in one world, can cease to instantiate this type in another world with-
out ceasing to exist as the same individual of type Person [5]. Thus, Roles and Phases 
are distinguished as anti-rigid sortals. A Phase is a relationally independent type 
whose instantiation is characterized by a change of an intrinsic property of an individ-
ual. A Role is a relationally dependent type whose instantiation is obligatory related 
to other entities. 

Non-sortals represent an abstraction of properties that are common to multiple dis-
joint kinds and, therefore, do not carry a unique principle of identity for their in-
stances. Category represents a rigid and relationally-independent non-sortal type that 
aggregates essential properties common to different kinds. Role Mixin, in turn, 
represents an anti-rigid and relationally dependent non-sortal type that aggregates 
properties common to different roles. 

Another important distinction in the UFO ontology is within the categories of rela-
tions. It recognizes two broad categories of relations, namely, formal relations and 
material relations. Formal relations hold between two or more entities because of 
very nature of these entities, without any further intervening individual. Conversely, 
material relations have a material structure of their own, which mediates the con-



nected entities and inheres in the mereological sum of them [24]. Such mediating 
entities constitute the extension of Relators. For example, a medical treatment con-
nects a patient with a medical unit; a marriage connects a wife and a husband [5]. 

Axiomatization of situations, events, and dispositions was summarized in UFO-B. 
Situations are special type of endurants. They are complex entities that are constituted 
by possibly many endurants (including other situations). Situations can be factual or 
counterfactual. Factual situations (or Facts) are said to obtain at particular time points. 
Properties that are only manifested in particular situations on the occurrence of certain 
triggering events are called dispositions. Dispositions are manifested through the oc-
currence of resulting events and state changes [25]. 

UFO-C incorporates intentionality to the basic core provided by UFO-A and UFO-
B. In this context, UFO distinguishes between Agentive and Non-agentive substantial 
individuals, termed agents and objects, respectively. As opposed to objects, agents are 
capable of bearing special kind of intrinsic properties named intentional moments. 
Intentionality of agents should be understood as the capacity of their properties to 
refer to possible situations of reality. Every intentional moment has a type (e.g., be-
lief, desire, intention) and a propositional content represented by a proposition. The 
latter being an abstract representation of a class of situations referred by that inten-
tional moment. 

Intentions are desired state of affairs for which the agent commits at pursuing (an 
intention is an internal commitment). For this reason, intentions cause the agent to 
perform actions. Actions are intentional events, i.e., events with the specific purpose 
of satisfying the propositional content of some intention of an agent.  

Communicative acts (special kinds of actions) can be used to create social moments 
(commitments and claims). Thus, social moments are types of intentional moments 
that are created by the exchange of communicative acts between parties and the con-
sequences of these exchanges. In this view, language not only represents the reality 
but also creates a part of reality. The later ontological claim tightly correlates with the 
LAP foundations of DEMO (ref. section 2.2).  

2.2 The DEMO Theory and Methodology of Enterprise Ontology 

In this work, we employ the OntoUML [5] conceptual modeling language to extend 
real-world semantics of the modeling constructs of the DEMO Theory and Methodol-
ogy of Enterprise Ontology [1]. Based on the strong theoretical basis, the DEMO 
methodology facilitates creation of ontological conceptual models that are essential, 
complete, free from logical contradictions, compact and succinct, independent of their 
realization and implementation issues [1]. The theory that underlies the DEMO meta-
models is called the PSI-theory (the Performance in Social Interaction) [1]. Hereafter, 
we briefly summarized the axioms of this theory. 

The Operation Axiom states that an enterprise is as a social system, of which the 
elements are social individuals or actors, capable to negotiate by performing coordi-
nation acts (C-acts) and to contribute to bringing about the goods or services by per-
forming production acts (P-acts). By performing coordination acts, actors express 
their intensions and comply with commitments towards each other regarding the per-



formance of production acts [1]. By performing both kinds of acts, actors transfer the 
world into the new states characterized by resulted coordination facts (C-facts) and (if 
any) production facts (P-facts). Granted authority to perform particular acts in a re-
sponsible way, a social individual of an enterprise fulfills an actor role [1]. In his 
fulfillment of an actor role, a social individual becomes an actor. 

The Transaction Axiom states that coordination acts and production acts occur ac-
cording to the uniform communication patterns. Each pattern, also called a transac-
tion pattern, always involves two actor roles (the initiator and the executor) and con-
sists of certain types of coordination acts related to a particular type of production 
acts. Transaction is a sequence of acts that is a path through the complete transaction 
pattern [1].  

The Composition Axiom states that according to the way of initiation every trans-
action is caused in some other transaction, or is a customer transaction requested by 
an actor in the environment, or is a self-activation transaction requested by an internal 
actor to itself.  

The Distinction Axiom states that there are three distinct human abilities playing a 
role in the operation of actors, called performa, informa and forma. The performa 
ability concerns the ability of human beings to produce new original P-facts while 
directly or indirectly communicating. The informa ability regards the intellectual ca-
pacity of human beings, the ability to reason and to interpret the information pro-
vided. The forma ability concerns the ability to handle data independently of its 
meaning. While only humans can create original facts that cannot be derived from 
existing facts, cognitive agents may facilitate the informa and forma abilities. 

2.3 Factual Knowledge of Cognitive Agents 

The notion of fact is often overloaded. As Russell noted in [26], “what is complex in 
the world is a fact”. In this section, we elaborate on the notion of fact and its applica-
tion to knowledge representation of cognitive agents. 

Wittgenstein defined facts separately from things and independent from each other: 
“1.13 The facts in logical space are the world… 1.21 Each item can be the case or not 
the case while everything else remains the same” [26]. Being different from things, 
facts represent their states: “2 What is the case – a fact – is the existence of states of 
affairs… 2.01 A state of affairs (a state of things) is a combination of objects (things)” 
[26]. 

According to Wittgenstein [26], at the most fundamental level there are only ob-
jects, and no properties or relations. This idea was inherited and elaborated by Dietz 
in [15]. Thus, Dietz extended the notion of facts by considering them as instantiations 
of types, where a type (or fact type) was defined as a prescription of the collection of 
properties that our mind applies when we perceive concrete things. 

In opposite to Wittgenstein, Russell explained the notion of facts through proper-
ties and relations: “We express a fact, for example, when we say that a certain thing 
has a certain property, or that it has a certain relation to another thing; but the thing 
which has the property or the relation is not what I call a fact” [27]. By using the no-



tion of moment2 from UFO [5], Russell’s definition of facts can be rephrased as: a 
fact is a conceptual property referring to (i) the existence of an endurant and a mo-
ment (intrinsic or relational) that inheres in or existentially dependent on this endu-
rant; or (ii) the existence of two formally related endurants. 

Our work is founded on the ontological categories and distinctions put forth by the 
UFO. Thus, we adopted the latter definition of facts, but with the following extension 
derived from [15]: a conceptual property referring to a particular instantiation of a 
type is also considered as a fact. 

According to the adopted definition of facts, each elementary fact can be presented 
in the form binary predicate of a first-order language. For instance, the fact <myPizza 
is of type PizzaKindX> can be expressed by the predicate: instantiates(myPizza, Piz-
zaKindX). In case such elementary facts are implemented as RDF statements or as 
predicates of DL-based versions of OWL, they can be integrated and subject to auto-
mated reasoning. 

Interacting cognitive agents constitute the enterprise supporting information sys-
tem. At any moment a state of this system is simply defined as a set of states of its 
constituting agents. What is the state of an agent? Following Dietz [1], we assume 
that cognitive agents may have an ability to partially fulfill cognitive abilities of hu-
man actors. Thus, a particular state of an agent is defined by the set of facts that can 
be inferred by this agent from its data and metadata, i.e., by a factual knowledge of an 
agent. It is important to emphasize that in opposite to Wittgenstein’s or Russell’s fact, 
facts inferred by cognitive agents relate to data elements, and not to real world enti-
ties. A state change (a transition) of an agent is a succession of qualitatively dissimilar 
existentially-dependent states. 

3 Research Methodology 

This research is carried out by making use of the Design Science Research methodol-
ogy [28]. The following stages were performed so far: 

Stage 1. The identity of a problem in the field of Enterprise Engineering using a 
simplified case study. At this stage, the required cognitive and collaborative abilities 
of virtual collaborative assistants were specified.  

Stage 2. A literature review, which confirmed that no full solution exists. We for-
mulated two classes of problematic contexts. The first one is the class of solutions 
providing the description of ontology-based metadata and its use in the automated 
execution of action rules. The second one is the class of solutions related to the for-
malization and automated execution of action rules, as well as the solutions aimed at 
automated control and support of business interactions. 

Stage 3. The generative mechanisms on which our solution is grounded are the 
Unified Foundational Ontology (UFO), the DEMO Enterprise Ontology, and the theo-
ries of factual knowledge.  

The following stages should be completed: 
                                                        
2  “A moment is an endurant that inheres in, and, therefore, is existentially dependent of, 

another endurant” [5]. 



Stage 4. Designing and implementing a software prototype of cognitive agent as an 
extension of a multi-agent platform. This stage meets the requirements of the Generic 
System Development Process (GSDP) formulated by Dietz in [1]. 

Stage 5. Validation of the proposed solution through simulations and case studies. 
Then, dissemination the contribution in the interested community, using technical 
reports, presentations and publications. Learning from the interactions and improve-
ment of the solution starting from Stage 1. 

4 Ontological Foundations of Cognitive Agents 

In this section we describe the essential parts of the proposed enterprise knowledge 
management framework. Due to lack of space, we consider only two enterprise ontol-
ogy patterns (Sect. 4.1) and only one type of transition rules (Sect. 4.2). Other formal 
enterprise ontology patterns were discussed in [13], while the full version of the for-
mal enterprise ontology created upon the synthesis of UFO and DEMO, has not been 
published yet. In Sect. 4.3, we demonstrate how factual knowledge is adopted by 
cognitive agents when executing their action rules. In order to apply this framework, 
all parts have to be specified (and extended) for a particular case study. 

4.1 Enterprise Ontology Patterns 

Enterprises are social systems whose elements (or social individuals) are human be-
ings able to enter and comply with commitments [1]. Granted authority to perform 
particular acts in a responsible way, a social individual of an enterprise fulfills an 
actor role [1]. In his fulfillment of an actor role, a social individual becomes an actor. 
Obviously, a social individual may cease to be an actor without ceasing to exist. 
Moreover, an actor role can be instantiated by agents of different kinds, e.g. persons, 
organizations or organizational units. Thereby, Actor Role is a Role Mixin stereotyped 
by <<roleMixin>> in OntoUML model depicted in Fig. 1. 

The notion of transaction discussed in DEMO [1] is articulated in the UFO catego-
ries as follows. At each time the business relation between two actors holds, the 
transaction is constituted by a mereological sum of all mutual commitments made by 
actors in their negotiation about a particular change in the production world (i.e., a 
production result). Thus, each transaction is a relator mediating two actors (Fig. 1). 

In the broader sense, transactions are mereological sums of all their constituent re-
lational qualities [24] inhering in one interacting actor and directly or indirectly exis-
tentially dependent on another one. These qualities and their changes can be specified 
in conceptual models by attributes of transactions. 

Each coordination act performed by an actor towards his addressee contains an in-
tention and a proposition [1]. With the intention, an actor proclaims his ‘social atti-
tude’ with respect to the proposition. The standard transaction may contain coordina-
tion acts with the following intentions: request, promise, state, accept, decline, quit, 
reject, and stop [1]. With the proposition, an actor proclaims an abstract representa-
tion of a class of desired situations [1]. 



 
Fig. 1. The pattern of Coordination Acts and Facts 

In accordance with many standards, the portion of reality which is subject to 
changes in business processes can be abstracted by the category Work Product. Thus 
the foregoing definition of coordination acts was formalized by the Coordination Act 
pattern comprised by the types: Actor Role, C-act, C-act Intention, C-act Proposition, 
Work Product Disposition, Work Product, as well as their interrelations depicted in 
Fig. 1. 

We propose to model instances of the Proposition type as specializations (sub-
types) of Work Product Disposition, where the extension of the latter is a class of 
desired situations such as creation or termination of an object, a relation between 
objects, or a qualitative property of an object. For example, the proposition of C-acts 
and C-facts appeared in a transaction of type Membership Registration can be formu-
lated as ‘(new) membership has been started’ or simply, ‘Membership Started’, where 
the latter is a possible specialization of Work Product Disposition. Thus, the Proposi-
tion type is a high-order universal (a powertype), i.e. a rigid sortal whose instances are 
types [29]. Following [30], we extended the OntoUML metamodel by introducing the 
stereotype <<hou>> to represent high-order universals. 

A coordination act brings about a situation, which triggers a (social) commitment 
of one agent towards another regarding the proclaimed intention and the proposition. 
This commitment is a coordination fact (C-fact) [1]. Examples of coordination facts 
are: “membership has been started is requested asap”, “membership has been started 
is promised asap”, where “membership has been started” is the propositional content 
of both C-acts and their resulted C-facts, and “membership” is an identifiable instance 
of kind Membership, where Membership is a specialization of the category Work 
Product. For the sake of simplicity, in this version of patterns, we omit from consid-
eration the time part of propositions. 



As a social commitment, a C-fact inheres in one of the negotiating actors perform-
ing a C-act, and is externally dependent on the target actor. Hereby we consider a C-
fact being a relational quality (a mode) that contributes to constitute the relationship 
between two actors, i.e., each C-fact is always a part of some transaction. Moreover, 
we assume that each C-fact inherits the (fact part of) C-act proposition from its acti-
vating C-act. 

C-acts with particular intention define a partition of the generalization set of C-fact 
types (C-factType powertype). In other words, all C-facts brought about by C-acts 
with particular intention, are instances of particular specialization of the C-fact type. 
For instance, Work Product Disposition Requested comprises instances of C-fact that 
result C-acts with the intention ‘request’, or Work Product Disposition Promised 
comprises instances resulted C-acts with the intention ‘promise’. 

The foregoing definition of coordination facts was formalized by the Coordination 
Fact pattern. This pattern comprises the types: Actor Role, Transaction, C-fact, C-fact 
Type, C-act Proposition, Work Product Disposition, Work Product as well as their 
interrelations depicted in Fig. 1. 

Given patterns of Coordination Acts and Facts can be implemented in OWL and 
SWRL by means of the OntoUML Lightweight Editor3. Depending on the required 
semantics of metadata, one can choose different methods of implementation. The 
implementation scenario where instances are represented in a reified way according to 
the OntoUML stereotypes, preserves ontological aspects, such as concept hierarchy. 
In other words, this scenario keeps the OntoUML stereotypes in metadata. However, 
the further discussion of implementation methods and issues is out of the scope of this 
paper. Independently of the implementation method, the types depicted in Fig. 1 are 
represented by classes or collections (owl:class, owl:unionOf), and the depicted asso-
ciations are represented by object properties (owl:ObjectProperty). 

4.2 Transition Rules of an Enterprise 

Interacting human actors and passive objects in their environment constitute the en-
terprise world. A state of this world at every point in time is the set of relevant coor-
dination and production facts. A coordination act can potentially trigger a causal law. 
Hereafter we specify one type of transition rules representing state transitions of an 
organization caused by a coordination act (though based on the CRISP model of 
DEMO [1], given type of transition rules has meaningful differences). 

Let CF be the union of the extensions of the C-fact type of which instances an ac-
tor role is prescribed to deal with, and S be the union of all possible facts (including 
instances of C-and P-fact types) that an actor may need to know for reacting C-facts. 
Let I be the set of intentions that may be evoked in the actor, let P be the set of propo-
sitions which intentions are about, and CA be the union of all possible C-acts with the 
specified intention and proposition. 

                                                        
3  OntoUML Lightweight Editor: https://github.com/nemo-ufes/ontouml-lightweight-editor 



A set of transition rules is a total function TR: (CF, S)  (CA, I, P) that maps each 
C-factum of CF appeared in a particular state S to C-acts from CA with the related 
instances of intention from I and proposition from P. 

Due to formalization of a social system, transition rules are formulated for an actor 
role as the kernel of local state changes. Moreover, transition rules are formulated in 
assumption that actors in an enterprise commit to respond to particular types of C-
facts according to the roles they play. In addition, the proposed type of transition rules 
has to be specified according to the standard transaction pattern from [1]. All these 
conditions stipulate rather deterministic enterprise models, while it is the actor’s deci-
sion whether or not to act, and how to act. 

4.3 As Factum Is Fictum, and Making Is Mocking… 

In this section we discuss factual and procedural knowledge of cognitive agents. Fol-
lowing the definition of facts given in Section 2.3 and the metadata resulted the im-
plementation of the patterns from Section 4.1, we can define the core sets of (atomic) 
facts representing coordination acts and facts. When observing (or storing related 
data) a new C-act or C-fact, cognitive agents are required to verify the set of interre-
lated facts. 

Each instance of coordination act ca is perceived by a cognitive agent together with 
a number of facts:  
instantiates(ca, C-act) ∧ instantiates(ar, ActorRole) ∧ performedBy(ca, ar) ∧  
instantiates(cap, C-actProposition) ∧ propositionalContentOf(cap, ca) ∧  
causedBy(ca, i) ∧ instantiates(i, C-actIntention) ∧ inheresIn(i, ar) ∧ 
 satisfies(WorkProductDisposition, cap) 

Each instance of coordination fact cf is perceived by a cognitive agent together 
with the following facts:  
instantiates(cf, C-fact) ∧  instantiates(ar, ActorRole) ∧  instantiates(ar’, ActorRole’) ∧ 
inheresIn(cf, ar) ∧ externallyDependentOn(cf, ar’) ∧ 
 instantiates(cap, C-actProposition) ∧ propositionalContentOf(cap, cf) ∧  
satisfies(WorkProductDisposition, cap) 

For coordination facts and acts at the result phase of business transactions, state 
changes (dispositions) of a work product should meet the following facts in addition 
to ones listed above: 
instantiates(wp, WorkProduct) ∧ instantiates(wpd, WorkProductDisposition) ∧  
inheresIn(wpd, wp) 

With the use of these core sets of facts, cognitive agents can infer responsibilities 
of actors for coordination facts and acts, infer the relation between coordination facts 
and the type of required changes in the production world, interrelate coordination acts 
and facts through C-act propositions. For the sake of simplicity, in this version of 
patterns, we omit from consideration the time part of propositions. While time parts 
will complement the proposed core sets of facts.  

On execution of transition rules of the type specified in Section 4.2, a cognitive 
agent operates not with the simple instances of coordination facts and acts, but with 
the core sets of facts specified from the Coordination Acts and Facts pattern. Moreo-



ver, an agent infers facts that are necessary to know in order to react to the observed 
coordination fact. On execution of transition rules, an agent ensures that the coordina-
tion acts and facts with the same propositions belong to the same (instance of) trans-
action. 

5 Practical Implications of the Ontological Foundations 

In this section, we shortly present a case study, applying the enterprise knowledge 
management framework to control of pizzas order. One can imagine a simple Pizzeria 
where only pizzas are made on receiving a new order. The owner of the company 
decided to implement a Web Service in order to provide the possibility of pizzas order 
through the Internet. New orders should be not only stored in the database, but tho-
roughly processed by a cognitive agent. Then the agent should provide the adequate 
reaction to customer needs. 

At the first stage, the conceptual model of the Order Completion transaction was 
created (Fig. 2), where Customer is the initiator and Order Manager is the executor, 
Purchased Order specifies Work Product, Purchased Order Requested is a type of 
coordination facts, Purchased Order Completed is a type of Work Product Disposi-
tions.  

 
Fig. 2. The conceptual model of the OrderCompletion transaction type with the specified coor-

dination fact type PurchasedOrderRequested 

We suppose that two facts are verified by a cognitive agent on observing a new 
pizza requested (a coordination fact).  For instance, it is required that “the recipe of 
the ordered pizza kind is available”. This fact can be expressed by the triple: “Pizza-



KindX has recipe PizzaKindXRecipe”. Formally, recipe(PizzaKindX, PizzaKindXRe-
cipe) [C1] 

Similarly, the production fact “the price of the pizza kind X was assigned” which is 
obtained in a “price assignment” transaction, is formally presented by the expression, 
numbered [C2]:  
instantiates(PricedPizzaKindX, C-actProposition) ∧  inhereIn(PricedPizzaKindX, 
PizzaKindX) ∧  propositionalContentOf(PricedPizzaKindX, PricedPizzaKindXStated) ∧  propositionalContentOf(PricedPizzaKindX, PricedPizzaKindXAccepted) ∧ 
price(PizzaKindX, PriceValue) 

At the next step, defined sets of facts allow modeling the elements of transition 
rules. To exemplify the specification of transition rules, we formulate one transition 
rule for the actor role ‘OrderManager’. 

On observation of a request for a new purchase (C-fact of type WorkProductDispo-
sitionRequested), an ‘OrderManager’ verifies (1) the existence of recipe for the re-
quested PizzaKindX [C1]; and (2) the price availability for a chosen pizza kind [C2]. 
If both conditions are satisfied, the ‘OrderManager’ has the intention to promise the 
order completion. For this rule, the proposition of both the observed C-fact and the 
triggered C-act is the same. This proposition is about the existence of two disposi-
tions: PizzaKindXBaked and OrderPaidState. Formally, 

cf instantiates(cf, PurchasedOrderRequested)   
propositionalContentOf(PizzaKindXBaked, cf)   
propositionalContentOf(OrderPaidState, cf)   
inhereIn(PizzaKindXBaked, PizzaKindX)  x (x::C2)   
( promise (promise::C-actIntention   
propositionalContentOf(PizzaKindXBaked, promise)   
propositionalContentOf(OrderPaidState, promise)) 

6 Final Considerations 

In this work, we discussed our vision of the following important components of en-
terprise supporting information systems: (i) the ontological core of metadata; and (ii) 
the method of metadata processing. 

Our method of data modeling provides the basis for semantically reach information 
footprints of business interactions in data models, which make lifecycles of services 
(or products) traceable and controllable through personal commitments. Factual 
knowledge of agents and the sets of facts defined for a comprehensive representation 
of ontological entities, ensures proper semantics of data elements. 

Based on the proper “understanding” of a situation, enterprise information systems 
should be able to decide on the consequent collaborative action. Thus, this work 
would hopefully contribute to nowadays attempts to make process management a 
matter for computers. 

At the next stage of our research, we finalize codification of enterprise ontology 
patterns, design and implement cognitive agents, implement reasoning algorithms for 



factual knowledge processing, and, finally, define the method to integrate reasoning 
algorithms and execution of business rules.  
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