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Why Ontology?





Think about your 
participation to EEWC…

• Bought a Ticket and a Travel Insurance 

• Both paid with Money 

• Made a Hotel Reservation 

• Made a Conference Registration 

• Showed your passport as proof of your Citizenship to a 
given Country 

• Sent Paper that was granted an Acceptance and might 
receive an Award



This is all made up!

• Our lives are governed by Fiat Objects, which are 
ontologically subjective but epistemologically 
objective 

• So we better understand and define well the very 
nature of these creatures 



Why Ontology?
• Analyzing and systematically characterizing the shared 

conceptualization of certain phenomena in reality is the very 
business of Ontology 

• We can benefit from 2400 years of accumulated knowledge 

• Ontology is fundamental for understanding the nature of these 
fiat objects and their ties, i.e., for affording interoperability 
between social entities. Semantic Interoperability between 
computer systems is secondary to that 

• Because we don’t have a choice! The opposite of Ontology 
is not Non-Ontology but Bad Ontology





“…was the crashing of two aeroplanes into New York's twin towers 
in September 2001 one event or two?”

“In most disaster insurance, “occurrence” is carefully defined…”



“IT WAS a $3.5 billion question: was the crashing of two 
aeroplanes into New York's twin towers in September 2001 one 

“In most disaster insurance, “occurrence” is carefully defined…”





“The insurers in the first trial had signed a form with a much tighter 
definition of “occurrence”…the insurance companies' claim that 
they always defined “occurrence” precisely”



(Ambitious) Goals  
of this Talk

1. Exemplify the Approach 

2. …by employing it in an actual complex 
domain that is itself of great value, namely, 
Services



UFO  
(Unified Foundational Ontology)
• Over the years, we have built a Philosophically and 

Cognitively well-founded Ontology to contribute to the general 
goal of serving as a Foundation for Conceptual Modeling 

• This Ontology has been used to as a theory for addressing 
may classical conceptual modeling constructs such as Object 
Types and Taxonomic Structures (CAISE 2004, CAISE 2007, 
CAISE 2012), Part-Whole Relations (CAISE 2007, CAISE 2009, 
CAISE 2011), Intrinsic and Relational Properties (ER 2006, ER 
2008, ER 2011, CAISE 2015), Weak Entities, Attributes and 
Datatypes (ER 2006), Events (ER 2013), Services (EDOC 
2013, IS 2015), Capabilities (EDOC 2013, IS 2015), Goals, 
Communities, Multi-Level Modeling, etc… 



The Approach
• A Foundational Ontology (UFO) has been applied 

in the design of general purpose conceptual 
modeling language (OntoUML) 

• OntoUML is them used to build Core Ontologies 

• Core Ontologies become the source of Domain-
Related Patterns forming a Pattern-Language that 
can be used for the Construction of Domain-
Specific Models



• A redesigned version of UML such that:  

• the modeling of primitives of the language reflect the 
ontological distinctions in UFO 

• The grammatically valid models of the language conform 
to the axiomatization of UFO 

• It is more than a language including also a methodology, a 
set of ontology design patterns and anti-patterns as well as 
formal approaches for model transformation, verification and 
validation 

by nemo by nemo
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Why Services?



Why Services?
• Ubiquitous notion in enterprise architecture & computing 

• Evolution from different disciplines 

• Service-oriented architecture/service-oriented computing/
Data Communication Protocols 

• Services in Marketing 

• “Service(s) Science”, a multi-disciplinary effort 

• Lack of standardized terminology…  

• but even worse… lack of (shared) conceptualization



What is a Service?
• “A software system designed to support machine-

machine interactions” (W3C, Web Services Glossary)  

• “An abstract resource that represents a capability of 
performing tasks...to be used, a service must be 
realized by a concrete provider agent” (W3C, Web 
Services Glossary)  

• “A service is a change in the condition of a person, or a 
good belonging to the economic activity, brought about 
as the result of the activity of some other economic 
entity” (Ted Hill, On goods and Services and NAPCS)



What is a Service?

• Quartel et al.: a service can be regarded “as multiple 
related interactions between a service user and provider” 

• Service-Dominant Logic: Services as the fundamental 
basis of value creation through exchange 

• Unified Service Theory: a production process for which 
the customers provides significant inputs. Thus, service 
processes are distinguished from non-service process 
(manufacturing or extractive processes) only by the 
presence of customer inputs



What is a Service?
• Vissers et al: Service is an externally observable 

behavior 

• Archimate: Service as a “unit of functionality”. Both 
business services and computational (application 
and infrastructural) services are characterized as 
behavioral elements 

• Terlouw and Albani: services are characterized in 
terms of transactions constituted by coordination 
acts and production acts



What’s in a Service?
• Attempt to reduce service into or explain in terms of: 

• Technical Perspective 

• Service as a Process 

• External Behavior/Interaction (ArchiMate, ISO RM-ODP, ISDL, …) 

• Computational Services 

• Service Science literature 

• Capability 

• Service Marketing literature 

• Value-producing activities 

• Service is all this AND MORE!



Why is this a problem?

• We can only judge the adequacy of a 
representation mechanism to model a 
certain set of phenomena, if we understand 
the characteristics of the phenomena being 
modeled 

	
   	
  



UFO-S

• A rich Core Ontology of Services

• Not a lightweight semantic web ontology 

• Aims at Consensus Building and Meaning 
Negotiation, not automatic inferencing 

• Grounded on a Foundational Ontology (UFO)



UFO-S
• Accounts for Service Phenomena, involving: 

• Capability 

• Process (Behavior/Interaction) 

• Value Co-Creation 

• Computational Services 

• Commitments



Commitments
• Some services cannot be explained properly without the 

notion of commitment 

• Example of a service that is meaningless without it: 

• Insurance service 

• There may be no behavior execution (if no unwanted 
event occurs) 

• What matters is the guarantee of compensation 

• So, services are not reducible to behavior



Commitments

• Services are also not reducible to capability: 

• I can be capable of making coffee, but I do not 
offer a coffee making service 

• Not committed to employ this capability in the 
scope of social relations



UFO-A (STRUCTURAL ASPECTS) 
(Objects, their types, their parts/wholes,  

the roles they play,  
their intrinsic and relational properties 

Property value spaces…)

UFO-C (SOCIAL ASPECTS) 
(Agents, Intentional States, Goals, Actions, 

Norms, Normative Descriptions, Social Roles, Social Commitments/Claims,  
Social Dependency Relations, Capabilities,…)

UFO-B (DYNAMIC ASPECTS) 
(Events and their parts,  

Relations between events, 
Object participation in events, 
Temporal properties of entities,  

Dispositions,Time…)



UFO-A (STRUCTURAL ASPECTS) 
(Objects, their types, their parts/wholes,  

the roles they play,  
their intrinsic and relational properties 

Property value spaces…)

UFO-C (SOCIAL ASPECTS) 
(Agents, Intentional States, Goals, Actions, 

Norms, Normative Descriptions, Social Roles, Social Commitments/Claims,  
Social Dependency Relations, Capabilities,…)

UFO-B (DYNAMIC ASPECTS) 
(Events and their parts,  

Relations between events, 
Object participation in events, 
Temporal properties of entities,  

Dispositions,Time…)

UFO-S (SERVICES) 
(Service Offering, Service Negotiation, Service Delivery,  

Service Provider, Target Community, Target Customer, Service 
Agreement, Service Agreement Description,…)



Ontological Background
1. We distinguish between Endurants (Objects, Qualities, 

Situations) and Events so that: 
• Qualities inhere in Objects 
• Objects and Qualities constitute Situations 
• Objects participate in Events 
• Events change the world by bringing about Situations 

2. Dispositions are particular types of Qualities 
• Dispositions are activated in certain Situations and are manifested via 

the occurrence of Events of a certain type 
• Objects bear dispositions (capacities, tendencies, powers, 

propensities, tendencies) even if these are never manifest 



Ontological Background
3. Agents are types of Objects which have intentionality, i.e.,  

that can bear mental dispositions (beliefs, desires, intentions) 
which have a propositional content 

• Capabilities are types of Dispositions  
• Commitments are types of Dispositions 
• Intention is a type of commitment (self-commitment) 
• A Goal is the propositional content of an intention 

4.   From Self-Commitment to Social Commitment 
• Social Dependence emerges due to the mismatch between one´s goals 

and capabilities  
• Cooperation (shared goals and collective capabilities) and Social 

Transfer (mutual dependence) emerges because of Social Dependence



Ontological Background
5. Social Commitment, Social Delegation and Social 

Capability 
• Language emerges as a mechanism for coordination (in 

particular for persuasion, i.e., goal adoption) 
• Commitments (intentions and social commitments) can be 

Closed Commitments (commitments to achieve goals by 
causing the occurrence of events – Actions - of a certain 
type) 

• Social Delegation requires a Social Commitment 
• Social Delegation increases our Social Capability 

(socially-can) and, hence, our capacity to socially commit   



Ontological Background
6. Meta-Commitments and Social Roles 

• Meta-Commitments are Commitments to accept 
commitments of a certain kind under certain types 
os situations 

• A Social Role is a set of meta-commitments defined 
by Social norms accepted by a Collective Agent 

• Social Systems are designed in terms of Social 
Roles, Normative Descriptions and  Predictable 
Delegation Relations so that they can increase their 
Social Capability



Ontological Background

7. (Social) Roles are anti-rigid (i.e., they 
contingently classify their instances) and 
relationally dependent. The properties (e.g., 
meta-commitments) that characterize a (Social) 
Role are Relational qualities that constitute a 
relational complex called a Relator 



Suppose	
  John	
  marries	
  Mary	
  







The Social Relator Pattern
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APPENDIX A UFO-S CONSTRAINTS BASED ON THE “SOCIAL RELATOR PATTERN” 

This appendix describes the “social relator pattern” from UFO. Also, the UFO-S constraints based on this pattern are presented. Figure 7 illustrates 
the mains concepts and relationships of this pattern. 

 

Figure 7. Social relator pattern. 

In this pattern, a social relator (e.g., a marriage) mediates a relation between two or more individuals (e.g., John, and Mary) that play different roles 
in the relation (e.g., husband, and wife). By participating in a social relator, the individuals bear a number of social commitments and claims. For 
example, John, as husband, bears a number of social commitments (e.g., obligations) that are externally dependent on Mary. Mary, as wife, bears 
the counter part social claims that are externally dependent on John. By other hand, Mary, as wife, also bears a number of social commitments that 



Social Roles and Services

• Bundles of Meta-Commitments defined by Normative Descriptions 

• A particular Service Request is a Social Delegation Relation 

• A Service Relator generates mutual (reciprocal) commitments and 
are generally captured by normative descriptions 

• Typically, these are Closed Commitments, i.e, Commitments to 
Execute Actions of a particular type under certain types of 
situations 

• The involved roles are typically RoleMixins



Service Offering

automatically generated model instantiations were then examined manually, to decide whether they were in 
conformance with our conceptualization. If not, either the OntoUML model 
changed, as illustrated by Fig. 5. Consistence 
checking the satisfiability of the corresponding Alloy specification. 
formalization of the UFO-S models can be found in
 

Fig. 
 
4.1. Service Offering 

According to our commitment-based approach, at the 
a speech act that establishes a pattern of commitments and corresponding claims. We call such speech act 
service offer, and the resulting pattern of commitments and claims 
OntoUML class diagram with the main concepts and relations involved in a service offer
UFO-S. A service offer event results in the establishment of a 
and a target customer community. A service offering is composed of 
the service provider towards the target customer community 
from the target community towards the service provider.
 

 
According to UFO-C, a service offer is a communicative act

which actions are service offers) depends ultimately on the (so
service offer could thus be the registration of a service provider organization in a chamber of commerce, 
service advertisements, face-to-face communication, etc. The context will also determine the kinds of 
commitments that are established and the consequences that arise from a failure to fulfill such 
commitments. For example, in some legal systems, it is unlawful for an organization that has offered a 
service to refuse arbitrarily to deliver it to a particular customer 
provided (in order to rule out arbitrary discrimination).

automatically generated model instantiations were then examined manually, to decide whether they were in 
with our conceptualization. If not, either the OntoUML model or the OCL constraints were 

Consistence of the axiomatization and OntoUML models is guaranteed by 
corresponding Alloy specification. Further details about the process of 

S models can be found in [33]. 

 
Fig. 5. Model simulation approach.  

based approach, at the beginning of a service relation there is a promise, 
a speech act that establishes a pattern of commitments and corresponding claims. We call such speech act 

, and the resulting pattern of commitments and claims service offering. Fig. 6 shows an 
OntoUML class diagram with the main concepts and relations involved in a service offering, according to 

results in the establishment of a service offering between a service provider 
. A service offering is composed of service offering commitments from 
target customer community and the corresponding service offering claims

ty towards the service provider. 

 
Fig. 6. Service Offer model. 

service offer is a communicative act, and what “counts as” a service offer (i.e., 
which actions are service offers) depends ultimately on the (social) context in which services are offered
service offer could thus be the registration of a service provider organization in a chamber of commerce, 

face communication, etc. The context will also determine the kinds of 
ommitments that are established and the consequences that arise from a failure to fulfill such 

For example, in some legal systems, it is unlawful for an organization that has offered a 
to a particular customer unless legitimate business reasons are

provided (in order to rule out arbitrary discrimination). 

automatically generated model instantiations were then examined manually, to decide whether they were in 
or the OCL constraints were 

is guaranteed by 
Further details about the process of 

there is a promise, 
a speech act that establishes a pattern of commitments and corresponding claims. We call such speech act 

, according to 
service provider 

from 
service offering claims 

hat “counts as” a service offer (i.e., 
cial) context in which services are offered. A 

service offer could thus be the registration of a service provider organization in a chamber of commerce, 
face communication, etc. The context will also determine the kinds of 

For example, in some legal systems, it is unlawful for an organization that has offered a 
are 





The actual content of service offering commitments (and corresponding claims) depends on the 
particular service business model, and, therefore, can refer to several different elements, such as conditions 
and requirements for providing the service, types of actions to be performed in the scope of service 
delivery, constraints, required customer’s commitments (such as payment), etc. These elements may be 
described in service offering descriptions (such as folders, registration documents in a chamber of 
commerce, artifacts in a service registry, etc.). 

Take as example the case of a car rental service. When the service is offered by a particular car rental 
company (e.g., through advertisements), the car rental company plays the role of service provider. It 
commits, under certain conditions, to grant temporary use of a vehicle to a customer. Examples of such 
conditions include minimum period of rental, car availability, qualifications and properties of the renter 
(e.g., being a registered driver older than 21), expected payment guarantees, minimal rental period, etc. The 
members of the target community are entitled to rent a car if all conditions are fulfilled. 

What is established in a service offering also determines the level of flexibility for a subsequent service 
negotiation phase, in which a particular service customer and a service provider establish a particular 
service agreement. Because of that, offering commitments are in fact meta-commitments [51] (i.e., they are 
commitments to accept commitments), because they refer to commitments that can be established later 
during the negotiation phase and that do not yet exist as a result of a service offer alone. 

In UFO-S, agent is a category that represents the essential properties of any type of agentive 
substantial, such as person, organization, or software agent, which may have distinct principles of identity. 
Service provider is the role played by agents when these agents commit themselves to a target customer 
community by a service offer event. In terms of UFO, service provider is a role mixin, since it can be 
instantiated by agents of different kinds, e.g., persons and organizations. Target customer community is a 
collective that refers to the group of agents that constitute the community to which the service is being 
offered. The community has a non-extensional principle of identity, in the sense that agents can enter or 
leave the community without altering the community’s identity. The criteria for defining the target 
customer community membership are included in the content of the service offering. This may range from 
offerings with no restrictions to strictly targeted service offerings. 

The target customer is the role played by agents when, as a consequence of a service offer, they 
become members of a target customer community and, therefore, have claims for the fulfillment of the 
service provider’s commitments. A service offering is the social relator that arises from the service offer 
event, and that can be described by service offering descriptions, i.e., normative descriptions in UFO-C. A 
service offering is the aggregate of offering commitments and the corresponding claims. Service offering 
commitments and claims are social moments (in the sense of UFO-C), i.e., offering commitments are 
intrinsic moments, which inhere in the meta-committed agent (acting as service provider) and are 
externally-dependent on the target customer community. Offering claims, in turn, are intrinsic moments 
that inhere in the target customer community and are externally-dependent on the meta-committed agent 
(acting as service provider). 

Table 2 presents the axioms that accompany the UFO-S Service Offer model. These axioms ensure 
that the decomposition of a service offering relator into service offering commitments and claims is valid. 
 

Table 2. UFO-S Service Offer model axioms. 
ID Description 
SO01 Service offering commitments and claims, which are counterparts, are part of the same service 

offering. 

∀co, cl ((ServiceOfferingCommitment(co) ∧ ServiceOfferingClaim(cl) ∧ isCounterPartOf(cl, co)) 
→ (∃so (ServiceOffering(so) ∧ partOf(cl, so) ∧ partOf(co, so)))) 

SO02 Each service offering commitment that is part of a service offering inheres in the service provider 
that provides the service offering, and is externally-dependent on the target customer community 
to which this offering is offered. 

∀co, so ((ServiceOfferingCommitment(co) ∧ ServiceOffering(so) ∧ partOf(co, so)) → (∃sp, tcc 
(ServiceProvider(sp) ∧ TargetCustomerCommunity(tcc) ∧ provides(sp, so) ∧ offeredTo(so, tcc) ∧ 
inheresIn(co, sp) ∧ externallyDependentOn(co, tcc)))) 

SO03 Each service offering claim that is part of a service offering inheres in the target customer 
community to which the service offering is offered, and is externally-dependent on the service 
provider that provides the service offering. 

∀cl, so ((ServiceOfferingClaim(cl) ∧ ServiceOffering(so) ∧ partOf(cl, so)) → (∃tcc, sp 
(TargetCustomerCommunity(tcc) ∧ ServiceProvider(sp) ∧  offeredTo(so, tcc) ∧ provides(sp, so) ∧ 
inheresIn(cl, tcc) ∧ externallyDependentOn(cl, sp)))) 

 



Service Negotiation

4.2. Service Negotiation 
Fig. 7 shows an OntoUML class diagram with the main concepts and relations involved in service 

negotiation, according to UFO-S. Once a service is offered, service negotiation may occur. In general, 
service negotiation is motivated by the interest of a target customer in the serv
contents (including the conditions to be satisfied by the service customer in case it hire
During service negotiation, service provider and target customer interact in order to establish an agreement 
regarding their commitments and claims with respect to an eventual service delivery.

If service negotiation succeeds, a service agreement
play the role of hired service provider, while the 
Like a service offering, a service agreement is composed of commitments and claims. However, 
to the service offering, in a service agreement
service providers (e.g., the commitment to pay
commitments from the hired service provider towards the service customer, but may also involve 
commitments from the service customer towards the hired service 
become co-responsible for the service delivery.
target customer, goes to the Highway car rental office, and rents a car, he becomes a service customer, 
whereas Highway acts as a hired service provider. John and Highway commit themselves to perform some 
actions and to respect certain conditions. Examples of these conditions include amount to be paid per day, 
period of rental, conditions of the vehicle, and s

A service agreement should conform to what was previously established in the corresponding service 
offering. A service offering is a bundle of pairs of 
pairs has a propositional content of establish
given type. A conformant service agreement
types that exists in the service offering. For example, 
commitment of accepting the commitment of 
When a customer sits down, checks the menu
be understood as a simplistic service negotiation leading to a service 
committed towards that customer to serve
say that the meta-commitment was fulfilled.
of commitment/claim in X is of a type T that is referred 

As in the case of a service offer, what is agreed between the parties (commitments and claims of both 
hired provider and service customer) depends on the context of the service agreement, as well as on the 
particular service business model, and, therefore, can refer to several different elements. These elements 
may be described in service agreement descriptions 
 

Fig. 
 

class diagram with the main concepts and relations involved in service 
Once a service is offered, service negotiation may occur. In general, 

service negotiation is motivated by the interest of a target customer in the service offering, considering its 
contents (including the conditions to be satisfied by the service customer in case it hires the service). 
During service negotiation, service provider and target customer interact in order to establish an agreement 

heir commitments and claims with respect to an eventual service delivery. 
service agreement is established, and the service provider starts to 
, while the target customer starts to play the role of service customer

Like a service offering, a service agreement is composed of commitments and claims. However, in contrast 
the service offering, in a service agreement, service customers may also establish commitments to 

ice providers (e.g., the commitment to pay for the service). Service agreement involves not only 
commitments from the hired service provider towards the service customer, but may also involve 

towards the hired service provider. Thus, these two participants 
responsible for the service delivery. In the case of the car rental service, when John, a particular 

target customer, goes to the Highway car rental office, and rents a car, he becomes a service customer, 
ereas Highway acts as a hired service provider. John and Highway commit themselves to perform some 

actions and to respect certain conditions. Examples of these conditions include amount to be paid per day, 
period of rental, conditions of the vehicle, and so on.  

ervice agreement should conform to what was previously established in the corresponding service 
bundle of pairs of meta-commitment/meta-claim such that each of these 

pairs has a propositional content of establishing (in case of agreement) pairs of commitment/claim of a 
ervice agreement is a bundle of pairs of commitments/claims that instantiate 

For example, consider that a restaurant establishes the meta-
commitment of accepting the commitment of serving Caesar Salad in less than 10 minutes after order

, checks the menu and orders a Caesar Salad via the waiter (an event which can 
ervice negotiation leading to a service agreement), the restaurant becomes

e a Caesar Salad in less than 10 minutes. In that moment, we can 
commitment was fulfilled. Thus, an agreement X conforms to an offering Y if every pair 

that is referred to by a pair of meta-commitment/meta-claim in 
service offer, what is agreed between the parties (commitments and claims of both 

service customer) depends on the context of the service agreement, as well as on the 
particular service business model, and, therefore, can refer to several different elements. These elements 

service agreement descriptions (such as a service contract).  

Fig. 7. Service Negotiation model. 

class diagram with the main concepts and relations involved in service 
Once a service is offered, service negotiation may occur. In general, 

ice offering, considering its 

During service negotiation, service provider and target customer interact in order to establish an agreement 

starts to 
service customer. 

in contrast 

provider. Thus, these two participants 
the case of the car rental service, when John, a particular 

target customer, goes to the Highway car rental office, and rents a car, he becomes a service customer, 
ereas Highway acts as a hired service provider. John and Highway commit themselves to perform some 

actions and to respect certain conditions. Examples of these conditions include amount to be paid per day, 

ervice agreement should conform to what was previously established in the corresponding service 
each of these 

of a 
that instantiate 

after order. 
which can 

becomes 
In that moment, we can 

every pair 
claim in Y.  

service offer, what is agreed between the parties (commitments and claims of both 
service customer) depends on the context of the service agreement, as well as on the 

particular service business model, and, therefore, can refer to several different elements. These elements 
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Figure 6. Example: invalid instantiation 

 

 



In terms of UFO-C, a service negotiation is an interaction involving the participations of the service 
provider and the target customers. When a service negotiation (an event) succeeds, this event is the 
foundation for a service agreement (a relator). Hired provider and service customer commitments and 
claims are social moments. Hired provider commitments and claims are intrinsic moments that inhere in a 
hired service provider and are externally-dependent on a service customer. Service customer commitments 
and claims are intrinsic moments that inhere in a service customer and are externally-dependent on a hired 
service provider. 

In a manner analogous to how a service offering (as a social relator) mediates the relation between 
service provider and target service customers by aggregating offering commitments and claims, a service 
agreement mediates the relation between hired service provider and service customers by being a social 
relator composed by the hired provider commitments and claims and the service customer commitments 
and claims. 

The role of hired service provider is played by an agent A, when this agent commits itself to an agent B 
(playing the role of service customer) to perform actions or to achieve the results determined in the service 
agreement. This means that a service agreement includes a delegation relation [37]: when establishing a 
service agreement, agent B, who plays the role of service customer, delegates a goal/plan to the agent A, 
who plays the role of hired service provider. Thus, claims of B towards A, and commitments of A towards 
B are created, since A has committed to pursue the delegated goal or to execute the delegated plan. 
Depending on the business service model, this delegation may be open or closed [37]. In open delegation, 
the hired service provider is free to determine how a commitment is to be fulfilled, which may include 
further delegation (common in service systems and economic networks). On the other hand, in closed 
delegation, the hired service provider commits to the execution of a pre-defined plan (i.e., instantiating an 
agreed action universal). 

When agent B delegates a goal/plan to agent A, B becomes (at some level) dependent on A. Thus, 
before hiring a service (and, therefore, establishing a delegation), the customer typically makes an analysis 
of feasibility, not only associated to monetary aspects, but also to aspects such as dependency, rights and 
commitments to be established. Considering the notion of co-responsibility arisen by the mutual 
commitments, the hired service provider also depends on the service customers for the fulfillment of their 
own commitments (e.g., a consultancy firm needs access to information from customers in order to provide 
its services). Thus, in the context of a service agreement, the agent who plays the role of hired service 
provider (A) is also dependent on the agent who plays the role of service customer (B). 

Table 3 presents the axioms that accompany the UFO-S Service Negotiation model. For the sake of 
brevity, we omit here the axioms that constrain the decompositions of agreements. These axioms are 
similar to those that were introduced to constrain the decomposition of offerings (SO01-SO03 in Table 2), 
and in fact apply to any decomposition of social relators into pairs of commitments and claims. 
 

Table 3. UFO-S Service Negotiation model axioms. 
ID Description 
SN01 When a service negotiation results in a service agreement, that agreement must conform to the 

offering to which the negotiation refers. 

∀sn, sa ((ServiceNegotiation(sn) ∧ ServiceAgreement(sa) ∧ resultsIn(sn, sa)) → (∃so 
(ServiceOffering(so) ∧ conformsTo(sa, so) ∧ refersTo(sn, so)))) 

SN02 An agent cannot simultaneously play the roles of service provider and target customer in the same 
service negotiation. 

∀sp, tc, sn ((Agent(sp) ∧ Agent(tc) ∧ ServiceNegotiation(sn) ∧ participatesIn(sp, sn) ∧ 
participatesIn(tc, sn)) → (sp ≠ tc)) 

SN03 The service provider that participates in a service negotiation provides the service offering to 
which the negotiation refers. 

∀sp, sn ((ServiceProvider(sp) ∧ ServiceNegotiation(sn) ∧ participatesIn(sp, sn)) → (∃so 
(ServiceOffering(so) ∧ provides(sp, so) ∧ refersTo(sn, so)))) 

SN04 Every target customer that participates in a service negotiation is a member of the target customer 
community to which the service offering is offered. 
∀tc, sn ((TargetCustomer(tc) ∧ ServiceNegotiation(sn) ∧ participantesIn(tc, sn)) → (∃tcc, so 
(TargetCustomerCommunity(tcc) ∧ ServiceOffering(so) ∧ memberOf(tc, tcc) ∧ offeredTo(so, 
tcc)))) 

SN05 The agents that are bound to a service agreement as hired service provider and service customer, 
have acted, respectively, as service provider and target customer in the service negotiation that 
resulted in this agreement. 



Service Delivery
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4.3. Service Delivery 

Service delivery concerns the execution of actions aimed at fulfilling the commitments established in 
the service agreement. A service is successfully delivered if the actions are performed in such a way that 
their results (and also the way they are perfor
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established in the service agreement, between the hired provider and the service customer.
the business service model, other agents can also perform actions. For instance, the service provider can 
delegate some actions to a third-party. These actions are also part of the service delivery process, although 
they are not explicitly represented in Fig. 
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Service delivery concerns the execution of actions aimed at fulfilling the commitments established in 
the service agreement. A service is successfully delivered if the actions are performed in such a way that 
their results (and also the way they are performed) fulfill the service agreement.  
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Services as  
Co-Creation of Value/Capabilities/

Competences
• In UFO-S, the service offer is designed and announced such 

that commitments of the service provider (matching the 
provider’s exploitable capabilities) should match the goals of 
the members of a target community, and the counterpart claims 
of these commitments should satisfy this service provider’s own 
goals. 

• In pace with Vargo and Lusch, we agree that “value is always 
uniquely and phenomenologically determined by the 
beneficiary”. Here, value is the result of a judgement of the 
participants regarding to the degree that a situation brought 
about by actions motivated by commitments satisfy a certain 
goal 

•       



Service as Behavior
• In UFO-S, a number of action universals are involved in the 

characterization of services. These include the service offer, the 
interactions between service provider and potential service 
customer (target community member) that take place during the 
service negotiation as well as the (potential) service delivery itself. 

• In particular, in order for the service delivery as an (inter)action to 
occur, a set of commitments of entities playing both roles are 
necessary to motivate the performance of its sub-actions (as 
manifestation of the corresponding capabilities).  

• In fact, action universals can be referred to in service offering and 
service agreement descriptions, describing how the service 
delivery will be executed (closed delegation).



But what is a  
service after all?

• We believe the term to be a case of systematic 
polysemy (Dual-Aspect Nouns, Complex Types, 
Dot-Types) 

• The concept assume different senses 
depending on the context but all senses are 
more or less implicitly present 

• subject to co-predication



But what is a  
Service after all?

• “The Bank is around the corner and gives good advice on 
sub-prime loans” (Physical Object x Organizational Agent) 

• “The Book is heavy to carry but is easy to 
understand” (Physical Object x Abstract Information 
Content) 

• “These ducks laying eggs in my backyard are common 
around Europe” (Physical Object x Kind) 

• “Dr.Smith’s Dental Service is fast but 
expensive” (Service Delivery x Service Offering) 



From Core Ontologies to Ontology-Based 
Domain-Related Pattern Languages

• We have developed an approach for deriving 
Ontology-Based Domain-Related Pattern 
Languages (OPLs) from Core Ontologies 

• These languages can then be used in the 
construction of domain models in the specific 
domain at hand



OPL Patterns (subset)

 
Figure 2 - Other Patterns of the Service Offering group. 

Consider as an example the car rental service. In this domain, the 
office that offers the car rental service plays the role of Service 
Provider. The car rental service is offered to a Target Customer 
Community whose members are people, organizations and 
organizational units. The Service Provider has several Service 
Offering Commitments, such as “to grant temporary use of a 
vehicle to the customer”. The Target Customers, in turn, have 
Service Offering Claims, such as the claim of “having a car 
available with a full tank of fuel”. The Service Offering, 
including its service offering commitments and claims, can be 
described in a document such as Car Rental Terms and Conditions 
(a Service Description). 

Service Provider and Target Customer are roles that can be 
played by a Person, an Organization, or an Organizational 
Unit. These different types of providers and target customers are 
addressed by the patterns of the Provider and Target Customer 
group. Figure 3 shows the patterns of this group that describe the 
types of Target Customer. Since the patterns addressing types of 
providers are analogous to the ones addressing target customer 
types, they are not shown. The prefix of the pattern names 
indicates the types of agents that can play the roles of Provider or 
Target Customer, as follows: P = Person, O = Organization, 
OU = Organizational Unit. 

Figure 3 - Patterns of the Provider and Target Customer group. 

Target Customer can be Person Customer, Organization 
Customer or Organizational Unit Customer, i.e., people, 
organizations or organizational units. Depending on the service 
business model, there may be only one type of target customer. 
For instance, the passport issuing service is offered only to people 
(Person Customer). In other cases, a service is offered to more 
than one type of target customer. For example, the car rental 
service can be offered to people (Person Customer), 
organizational units (Organizational Unit Customer) and 
organizations (Organization Customer). Thus, each pattern in 
this group offers a different option for the ontology engineer to 

precisely decide who are the Provider and the Target Customer 
in the domain being modeled. The P-Customer and P-Provider 
patterns should be used when only Persons can play these roles. 
O-Customer and O-Provider should be used when only 
Organizations can play these roles. OU-Customer and OU-
Provider should be used when only Organizational Units can 
play these roles. O-OU-Customer and O-OU-Provider should be 
used when both Organizations and Organizational Units can 
play these roles. P-O-Customer and P-O-Provider should be used 
when both Persons and Organizations can play these roles. P-
OU-Customer and P-OU-Provider should be used when both 
Persons and Organizational Units can play these roles. Finally, 
P-O-OU-Customer and P-O-OU-Provider should be used when 
everyone (Persons, Organizations and Organizational Units) 
can play these roles. We should emphasize that the patterns P-
Customer, O-Customer, OU-Customer, O-OU-Customer, P-O-
Customer, P-OU-Customer and P-O-OU-Customer are 
alternatives. I.e., the ontology engineer should select and use only 
one of them. The same occurs with the corresponding patterns 
related to Provider. 

Figure 4 shows the main patterns of the Service Negotiation and 
Agreement group. This group concerns modeling problems 
related to the negotiation between target customer and service 
provider, and the possible agreement reached from it. The main 
pattern of this group is SAgreement. According to the this pattern, 
when a Service Agreement is established, the Service Provider 
starts to play the role of Hired Service Provider, while the 
Target Customer starts to play the role of Service Customer. 
The Service Agreement should conform to what was previously 
established in the corresponding Service Offering. SNegAgree is 
an alternative pattern to SAgreement that, besides modeling the 
agreement, captures also the Service Negotiation in which 
Service Provider and Target Customer interact in order to 
possibly establish an agreement. Finally, a Service Agreement 
can be described by a Service Agreement Description, as shown 
by the SADescription pattern. 

Figure 4 - Main Patterns of Negotiation and Agreement group. 

A Service Agreement is composed of commitments and claims 
(Hired Provider Commitment, Hired Provider Claim, Service 
Customer Commitment, Service Customer Claim) established 
between Hired Service Provider and Service Customers. 
Differently from a service offering, in a service agreement, 
Service Customers may also have commitments towards the 
Hired Service Provider, e.g., “the commitment to pay”. Figure 5 
shows the patterns describing commitments (HPCommitments) 
and claims (HPClaims) of the Hired Service Provider. The 



A Service OPL

 
Figure 7 – S-OPL Process. 

Initially, the ontology engineer should select one of the two 
patterns of the Agreement sub-group. If the ontology engineer 
aims to model, besides de agreement, the negotiation that 
precedes it, SNegAgree must be selected; otherwise, SAgreement 
must be selected. Next, the following patterns can be used: 
HPCommitments and HPClaims, if the ontology engineer is 
interested in modeling the hired provider commitments and 
claims, respectively; SCCommitments and SCClaims, if the 
ontology engineer is interested in modeling the service customer 
commitments and claims, respectively; and SADescription, if the 
ontology engineer is interested in describing the service 
agreement by means of a service agreement description. 
Finally, after modeling the service agreement, the ontology 
engineer can model the service delivery. The first pattern to be 
used is SDelivery. Next, if he/she needs to model the actions 
involved in a delivery, the following patterns must be applied: 
HPActions, for modeling the actions performed by the hired 
service provider; SCActions, for modeling the actions performed 
by the service customer; and Interactions, for modeling the 
actions performed by both, in conjunction. Once modeled the 
actions, the ontology engineer can focus on the relationships 
between the actions and the commitments that motivated them. 
The following patterns can be used: HPActionMotivation, 
SCActionMotivation and InteractionMotivation. Since these 
patterns establish links between commitments and actions, they 
require, besides the patterns related to actions, patterns related to 
commitments to be used in advance. 

4. APPLYING S-OPL  
In order to preliminarily evaluate the usefulness of S-OPL for 
developing domain specific service ontologies, we applied S-OPL 
for building a Car Rental Service Ontology (CRSO). The main 
intended use of CRSO is as a basis for developing systems 
supporting car rental offices. Moreover, in cases of semantic 

interoperability, CRSO can be used as a reference model for 
mapping concepts of different systems. We organized CRSO in 
two sub-ontologies: Car Rental Offering and Car Rental 
Negotiation. The delivery of the service is out of the scope of 
CRSO. In order to develop CRSO, we followed the paths 
indicated by the red lines in Figure 7, and we used the patterns 
shown in grey in this figure. 

The following competency questions were considered for 
developing the Car Rental Offering sub-ontology: 

CQ1. Who offers car rental services? 
CQ2. Who is the target customer of a car rental service?  
CQ3. What are the terms and conditions involved in a car rental 

service offering? 
We started using S-OPL from its entry point, aiming at defining 
the types of possible car rental service providers (CQ1) and target 
customers (CQ2). A car rental service can be provided by both 
organizations and organizational units. Thus, the O-OU-Provider 
pattern was used, giving rise to the following concepts, as shown 
in Figure 8: Car Rental Provider, Car Rental Provider 
Organization, and Car Rental Provider Organizational Unit. By 
applying this pattern, we make explicit that these are the possible 
types of providers of the car rental service. Concerning target 
customers, a car rental service is offered to people, organizations 
and organizational units. So, we selected the P-O-OU-Customer 
pattern, and achieved the following concepts: Possible Car 
Renter, Possible Car Renter Person, Possible Car Renter 
Organization, and Possible Car Renter Organizational Unit.  

It is worthwhile to point out that both Car Rental Provider and 
Possible Car Renter are rolemixins, i.e. anti-rigid and externally 
dependent non sortals. They aggregate properties that are common 
to different roles [12], modeled as their subtypes. 



Car Rental Negotiation 
Model (partial model)

 
Figure 9 – The Car Rental Negotiation sub-ontology 

Concerning reusing the service conceptualization, Akkermans et 
al. [1] propose the use of OBELIX Service Ontology in order to 
define methods and tools for graphical modeling of services and 
for knowledge-based configuration of service bundles. OBELIX 
Service Ontology is a component-based ontology for “real-world” 
services (non-software based services) that specifies how diverse 
service elements, seen as individual “Lego blocks”, can connect to 
each other to form a larger service system: a service bundle. 
Services are combined by means of a structure of ports, inputs, 
and outputs, in a reference to usage/production of resources along 
the network of services. These services can be shared and 
combined. S-OPL, in turn, proposes a different reuse approach. 
Instead of taking “service” as a reuse unit, our approach uses self-
contained building blocks (organized as patterns) that address the 
representation of different aspects of service relations (e.g., 
service offering, and service agreement). These patterns are to be 
used in tandem for, then, building a service ontology in a specific 
application domain.    

The Info Service Ontology is an ontology about information 
services, i.e., services that provide data/knowledge/information 
somehow (e.g., Wikipedia, and MusicBrainz) [10]. This ontology 
was designed with the purpose of describing information services 
in a number of domains, and it consists of the following concepts: 
InfoService, InforServiceType, InfoServiceQuality, and 
InforServiceContributorType. Due to its purpose of offering basic 
concepts that can be applied (reused) in different application 
domains, Info Service Ontology can be seen as a coarse-grained 
pattern. S-OPL, in contrast, contains several fine-grained patterns 
that may be combined (guided by the S-OPL process) for 
describing different kinds of service (including information 
services) in various applications domains.  

The Service Ontology proposed by Oberle et al. [19] was 
designed to be extensible towards different application domains. 
Thus, new modules addressing different application domains (e.g., 
healthcare, and automotive) can be included in the ontology, 
reusing its core modules. For example, the Core Service 
Description module is one of its most important modules, and 
contains information common to every service, independent of a 
specific aspect or application domain. This module deals with 
concepts, such as service, service description, service provider 
and service consumer, which can be specialized for defining more 
specific modules. Similarly to Service Ontology, S-OPL was also 
designed for supporting ontology building in different application 
domains. However, different from Oberle and colleagues' work, 

we support the reuse of the service conceptualization offered by 
UFO-S by means of a compositional approach that takes ontology 
patterns as building blocks. 

Finally, regarding the conceptualization underlying S-OPL, we 
should say that there are a number of service ontologies in the 
literature, each one presenting its own characterization for the 
service phenomena (although there is some intersection among 
them). However, instead of grounding S-OPL in a particular 
service characterization (possibly conflicting with others), we 
used UFO-S as a core service ontology that aims to harmonize a 
number of service characterizations found in literature [18]. By 
doing that, we expect to strengthen the applicability S-OPL in a 
number of service domains where different service 
characterizations prevail. 

6. FINAL CONSIDERATIONS 
Currently, reuse is recognized as an important practice for 
Ontology Engineering. Ontology patterns are considered a 
promising approach that favors reuse of encoded experiences and 
good practices in Ontology Engineering [20]. Moreover, core 
ontologies organized as Ontology Pattern Languages (OPL) have 
potential to amplify the benefits of ontology patterns [7]. 
Agreeing with these statements, we developed the first version of 
S-OPL, a Service OPL. As a proof of concept of the utility of S-
OPL, we developed a domain specific service ontology, the Car 
Rental Service Ontology.  

During the development of this ontology, we noticed that the use 
of the proposed pattern language, whose patterns were extracted 
from a well-founded core ontology (UFO-S), tends to bring the 
following benefits to the development of domain ontologies: (i) 
the resulting ontology tends to contain less inconsistency mistakes 
given that many of the potentially recurring source of 
inconsistencies in the service domain tend to be solved by the 
basic patterns of the core ontology; (ii) the development process 
of the derived domain-specific service ontologies tends to be 
accelerated by the massive reuse of modeling fragments and 
decisions embedded in the patterns of the language; and (iii) S-
OPL guides pattern selection, also facilitating the combination of 
them. Although we perceived these benefits, real case experiments 
have to be conducted to truly confirm them.  

As pointed by Buschmann et al. [5], pattern languages, in general, 
should be considered as a work in progress, and are subjects to 
continuous revision, enhancement, refinement, and completion. 
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Ontological interpretation and analysis of 
Modeling Languages and Reference 

Standards

• We have recently provided an in depth evaluation of the 
Archimate standard regarding its notion of service. This 
analysis is followed by a number of modeling patterns 
addressing several limitations of Archimate’s modeling 
approach to services  

• An initial analysis have shown the same potential for 
analyzing and addressing limitations in other approaches 
such as the Open Group Service-Oriented Architecture 
Ontology, Reference Ontology for Semantic Service 
Oriented Architectures developed by OASIS, the Healthcare 
SOA Ontology, etc.  



Many Possibilities…
• Extensions to these ontological foundations 

• Ontology of Value 

• Deontic notions to describe the content of 
commitments 

• QoS from an ontological perspective (including 
the notion of vagueness) 

• Software as a Service (in the Ontological Sense)
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