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Preface

Ontologies are a knowledge representation technique of growing importance - not only
for intelligent information supply but equally for information systems and industrial
applications. In conjunction with evolving semantic technologies for ontology
engineering, representation and query, new ways open up for ontologies and
information systems (IS) integration, combination and use. In the structural
perspective, ontologies can provide means to structure, store and access generic IS
content. In the temporal perspective, ontologies can guide the development of new IS.
They may help to choose appropriate processes, algorithms, rules, and software
components depending on the requirements.

WOIS 2014 — the ¥ International Workshop on Ontologies and Information
Systems — had the aim to bring together people who have a strong interest in the
innovative use of these technologies and approaches in the context of enterprises and
public organizations. The workshop took place on September 22, 2014, in Lund
(Sweden) as part of the "lanternational Conference on Perspectives in Business
Informatics Research (BIR 2014). Based on at least three reviews per submission the
international Program Committee selected 6 high-quality papers for inclusion in this
volume. The authors of these papers include both researchers and practitioners from
different disciplines. The WOIS 2014 program reflects different facets of the workshop
topics, including organizational and social issues, as well as methodical and technical
aspects related to the use of ontologies in information systems lifecycle.

We dedicate special thanks to the members of the international Program Committee
for promoting the workshop, their support in attracting high-quality submissions, and
for providing excellent reviews of the submissions. Without their committed work a
high-quality workshop like WOIS 2014 would not have been possible. Our thanks also
include the external reviewers supporting the paper selection process.

September, 2014
Birger Lantow
Vladimir Tarasov
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Ontology Development for Intelligent Information
Logistics in Transportation

Hasan Kog, Birger Lantow, and Kurt Sandkuhl

The University of Rostock, Institute of Computer $cie,
Chair Business Information Systems
Albert-Einstein-Str. 22, 18057 Rostock, Germany
[hasan.koc, birger.lantow, kurt.sandkuhl] @uni-oocktde

Abstract. Technological innovations in the area of wirelesgas®r networks,
which allow for features like spontaneous netwagkamd self-organization, are
enablers for new kinds of IT services in many aggtion domains. In order to
fully exploit the potential of these technologiesivus industries show examples
for innovations on the level of service managenaanivell as with respect to the
underlying business models. Based on a case stody fransportation, this
paper shows how ontologies can be used as the fmsisew types of IT
services. The focus during ontology developmerthis context is on creating an
adaptable knowledge base for different kinds ofises and to prepare for self-
organization of the overall solution. The contribns of this paper are (a) an
ontology for the field of information logistics s#ges in transportation, (b)
experiences from the development process basedreal-avorld scenario and,
(c) potentials and limits of the ontology to accoondtate features required for
self-organization.

Keywords: Information Logistics, Ontology Engineering, Trandgation
Service, Self-Organization, Situation Awareness.

1 Introduction

During the last years, technological innovationsttie area of wireless sensor
networks have established themselves as enablengfokinds of IT services in many
application domains. In order to fully exploit thetential of these technologies, which
offer features such as self-organization and sp@atas networking, various industries
show examples for innovations on the level of servinanagement as well as with
respect to new kinds of products. Examples canoo@d in the area of functional
products, wind turbines or factory automation. Tp#per investigates new kinds of
services and the required knowledge base for amgbeaof intelligent information
logistics services in transportation and logistideformation logistics aims at
improving information flow in organizations by mesaof information systems.

The logistics industry has changed under the imphttte internal European market
and of an increasing globalization into a high-teslbgy industry, making intensive
use of modern information technology. At the saingef the industrial demand for
more dynamic logistics solutions with adequate Upport is increasing. Many
industries experienced a shift in sourcing and siigg strategies from long-term
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customer-supplier relationships to more networkédtegies adapted for global

markets, like value networks, flexible supply netke cluster-based approaches up to

on-demand cloud constellations.

Within the logistics industry, the transportatiorea is considered as promising
application field for new types of intelligent infoation logistics services, since
* Advances in wireless sensor networks and sensoatacttechnologies allow for

new ways of tagging and tracking goods and vehicles

* Many different actors with heterogeneous informatgystems offer possibilities
for automating or transforming processes by measgsiem integration,

» Due to growing requirements from environmental @cwsity regulations, and an
increasing awareness of sustainability issues erctistomer side, the market for
applications creating more ecological and econ@migices is developing fast.

Based on a case study from transportation, thigmpsipows how ontologies can be
used as the basis for new types of IT services.fdtwes during ontology development
in this context is on creating an adaptable knogdetbase for different kinds of
services and to prepare for self-organization efdkerall solution. The contributions
of this paper are (a) an ontology for the field ioformation logistics services in
transportation, (b) experiences from the develofgnpeacess based on a real-world
scenario and, (c¢) potentials and limits of the gy to accommodate features
required for self-organization.

The remaining part of the paper is structured devis: section 2 summarizes the
background for the work from the areas of ontolamngineering and information
logistics. Section 3 introduces the industrial cagely including requirements to the
knowledge base. Section 4 describes the ontologineering process performed and
presents the actual ontology. Section 5 investiggietentials and limits of the
ontology regarding self-organization. Section 6 marizes the work and draws
conclusions.

2 Background

As a background for the work presented in this pape will describe relevant
work in the areas of ontology engineering, inforimratogistics and self-organization.

2.1 Ontology Engineering

Ontologies became popular in the 90’s mostly in theowledge Engineering
Community. There have been several definitionsvithiat an ontology is. For the
purposes of this article [2] provides the mostetiiiefinition “An ontology is a formal
explicit specification of a shared conceptualizatio

There has been a series of approaches proposek\feloping ontologies. Despite
the fact that the methodologies for ontology depmient have been subject to research
during a number of yedrsthere is no one ’correct’ way or methodology dewveloping

1 Detailed information about the ontology developtarthodologies can be found in [4,5]
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ontologies [3, 4] Noy and McGuinness proposed if #h iterative ontology
development process consisting of seven stepsisnwtork the Ontology for Trailer
Surveillance (OTS) is being developed following ithenethodology as well as
extending it by two more steps (create rules, erdafined classes).

The approach of Noy and McGuinness consists ofdii@wving steps:

» Determine the domain and scope of the ontologys Tthe starting point of
ontology development. Several questions should rssvered, i.e. "What is
the domain that the ontology will cover?" or "fohat we are going to use the
ontology?" These questions should be populatedanied more specifically
regarding the domain of interest in order to pgetber a list of "competency
guestions".

» Consider reusing existing ontologies: For a paldiculomain and task it
should be investigated, whether the existing ogfiel® could be reused and if
yes, how.

» Enumerate important terms in the ontology: A lisiroportant terms should
be written down.

» Define the classes and the class hierarchy: Tieesestshould be organized as
classes into a hierarchical taxonomy. A top-dowrgttdm-up or a
combination approach could be used for that purpose

» Define the properties of classes: The internalcstine of concepts should be
specified.

» Define the facets of the slots: Based on the OWiglege model this step
corresponds with the specification of object préipsr and their
characteristics.

» Create instances: The last step is creating indalithstances of classes in the
hierarchy and adding object property assertions.

This approach is extended applying two more stéfier creating instances, the
rules for more powerful reasoning need to be formulatetiich also provide a
consistent knowledge base. Next, the conceplefihed classess applied, i.e. if an
individual fulfils the necessary and sufficient diions given by the defined class, then
it is inferred to be a member of this class.

2.2 Information Logistics

The research field information logistics was estdlgld in the late 1990s and
defined in [14]. The main objective is optimizedoirmation provision and information
flow, based on information content, time of deldpcation, presentation and quality.
The information logistics field focuses on improyithe information flow by applying
logistic principles to information supply. Durinbet last decade, many IT applications
have been developed implementing the objectivefofiation logistics. Some of the
applications are services providing bad weathernings, traffic information or
personalized news, and solutions for businessediffarent domains like WIND
service (weather information on demand), Smart-Wgacation-based information
supply for mobile users) [14]. An essential conciapinformation logistics is the
“information demand” which is defined by [10] as the constantly changing need for
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current, accurate, reliable, and integrated infdionato support (business) activities,
whenever and where ever it is needed.”

This definition implies a number of aspects thastrhe considered while analysing
information demand and when constructing informatagistics services. Information
demand should change as the task, roles and rékjtities, to which information
demand is connected, change. The information shbeldelevant, current, accurate
and reliable; otherwise it will contribute to infoation overflow. The information
demand should be integrated with the businessi@esivas it is necessary to have a
solid knowledge about the context in order to barawf any changes of information
demand that might happen. Whenever and where emphasize the importance of
time and location while analysing the informaticenthnd [10]. A specific method for
information demand analysis was developed and ateduin a number of industrial
projects [11].

2.3 Self-Organizing Systems

“A self-organizing system consist of a set of é@sgitthat obtains an emerging
global system behaviour via local interaction withoentralized control.[7] Besides
emergence and decentralization, autonomy, adaptivielf-maintenance, and
optimization are common features of self-organizggtems [16].

Furthermore, self-organising systems are charaeriby their capacity to
spontaneously produce a new organisation in casenefronmental changes [18].
These systems are particularly robust, becauseatiagt to changes, and are able to
ensure their own survivability [18].

Research efforts in this area include: The EC Fmbi&nt Networks project
offered a complete, coherent wireless network gmubased on dynamic composition
of networks. It provides access to any network ubgto instant inter-network
agreements. The EC FP7 project SENSEI aimed agratiag the physical with the
digital world of the network of the future. It pracked: (i) a scalable architectural
framework; (i) an open service interface and cgpmnding semantic specification;
(iii) network island solutions consisting of a sétcross-optimised and energy aware
protocol stacks; (iv) pan European test platfornabdéing large scale experimental
evaluation of the SENSEI results. Goal of EC FP®jgmt SOCRATES (Self-
optimisation and self-configuration in wireless wetks) was the automation of
wireless access network planning and optimizatign the application of self-
organisation methods.

The general components of a self-organizing systenfadapted from [18]):

» Theenvironmentn which the autonomous, individual entities (#gents) evolve

» Agentswhich might be among others software agents,tsotwosensor nodes

» Self-organisatioomechanismérules) that describe the behaviour of the agfmts
organization management and task-fulfilment

» Artifactsthat contain information provided lagentsandenvironmentThey can

be used as a means of communication for manageandrtask fulfilment

purposes.
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Negotiation models are keynechanismsof self-organising networks. The
following general negotiation models are examp@s [

« Different forms of spontaneoself-aggregationto enable multiple distributed
agentsto collectively and adaptively provide a distribdtservice, e.g. a holonic
(self-similar) aggregation.

» Self-managemermts a way to enforce control in the ecologwgéntsif needed
(e.g. assignment of “manager rights” toagent

e Situation awareness organization of situational information and theicess by
agents promoting more informed adaptation choices byrtlaed advanced forms
of stigmergic (indirect) interactions.

One of the early activities in this field was thRPA project Self-Organizing
Sensor Networks which addressed networks of sedfrawself-reconfigurable and
autonomous sensor nodes. This project implementagreber of functionality which
can be used as guidelines for wimaeéchanismshave to be implemented for self-
organization: The nodes involved in a self-orgargzystems have to be capable to
e spontaneously create an impromptu network,

+ assemble the network themselves,

» dynamically adapt to device failure and degradation

* manage movement of sensor nodgsehts and

* react to changes in task and network requirements.

The implementation of these capabilities can bézexh by negotiation models like
self-aggregationself-managemenandsituation-awareness

3 Case Study from Transportation

The case study used in this paper is based ordastial research and development
project from transport and logistics industries.eOof the world’s largest truck
manufacturers is developing new transport relagedices based on an integration and
orchestrated interpretation of different informatisources, like on-board vehicle
information systems, traffic control systems arekflmanagement systems. Our case
aims at using wireless sensor networks in traifers innovative applications. In
comparison to the well-equipped trucks, most ofaidsl trailers are poorly equipped
with electronic systems, although they “carry” @etual goods. Trailers are during a
transportation assignment often switched betweeck$r and logistics operators, and
they outnumber the number of trucks by far.

The wireless sensor network is installed in theitjpws lights of a trailer. Each
position light carries a sensor node able to comoatie by ZigBe&with neighboring
nodes and equipped with a radar sensor. The radaoscould be used for protecting
the goods loaded on the trailer against theft risffeadditional assistance to the driver
of the truck (e.g. lane control, blind spot supportfor surveillance of the goods (e.g.
sealing different compartments of the trailer). Tligeless sensor network in the
position lights is controlled by a gateway in thailer, which communicates with the

2 http://www.zigbee.org
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back-office of the owner of the trailer or the owred the goods, and — for some

application cases — with the on-board computehettuck.

Several use cases were defined within the projebich aim at specifying the
planned information logistics services for the oustr. One of these use cases is a
service which contributes to protecting the goamded on the trailer against theft.
More precisely, the main doors of the trailer amguipped with an additional
“electronic” seal. An analysis of current work pedare in the case study showed that
when transporting expensive goods, the sendingofimithauler mounts a physical seal
on the trailer’s doors and takes a picture of Haal. At the destination, the receiving
unit checks whether the seal is broken and companegh the picture taken at the
destination. If the seal is unharmed and lookssdmae as in the picture, checking the
received goods on the trailer can be done lessisetg. However, the sealing and
picture transmission process as such is time coimguend error prone, which would
be improved with an electronic seal. A modified k@rocedure with electronic seal
would look as follows:

* The electronic seal protection service is bookethbytrailer owner.

e The goods are loaded on the trailer, doors cloaad, seal device is activated,
which also activate the protection mode for théedra

* At arrival, the responsible person (e.g. a waredauanager or the driver) sends
the “unlock” request.

» If the authorization process for the responsiblesg@e is successful (i.e. identity is
proven and trailer owner has authorized the peraad)the person is in the close
vicinity of the trailer, the electronic seal is detivated.

In case the door is opened with the seal activadenbtification is sent to the back-

office operator who decides on alarming the paticéaking other counter-measures.

In order to implement the above services, variomsik of knowledge need to be
available and combined, i.e. part of a knowledgeehanderlying the services. Within
the knowledge base observations acquired throughdiffierent sensors in the trailer
have to be combined with information coming fromhest sources, like an
authentication service for the driver's identityurfhermore, we have to detect
potential critical events, according to what is cfied by the IT services. Thus,
“context” includes both all characteristics neettedietermine the situation of a trailer
and the characteristics of the actual informatigidtics service to be supported. For
this purpose, the knowledge base had to accommduieiie transportation domain
knowledge, the sensors and their observation ptissiy and a conceptual model for
situations.

In addition to the above IT service, many more sewices are under preparation.
Examples are an electronic fence implemented bgirradnsors in the side-marking
lights against theft of goods on the trailer, anperature supervision of cooled cargo
on the trailer implemented by temperature senspositaneously connecting to the
wireless sensor network.
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4  Development of the Ontology for Trailer Surveillance (OTS)

In this section we describe the development of altedge base represented by the
Ontology for Trailer Surveillance (OTS) for the ngportation use case presented in
section 3. The development process follows andnelst¢he methodology described in
[3]. In this section, we first motivate the basmfsthe OTS and then construct the
knowledge base that provides the required features.

4.1. Basics of the Ontology for Trailer Surveillane

As discussed in section 3, the ontology needs tahieto capture knowledge about
sensors, situations and the application domainapfsportation as such. In this section
different information models in sensors, observeajosituation (awareness) and time
domains are introduced. Utilizing the reusable congmts of these models the domain
model should be able to conceptualize the knowldnage for offering services in
transportation sector. Moreover it should servasidbto prepare a non-exhaustive list
of important terms for the particular domains, whaould be used as classes and/ or
properties.

OTS adopts the Semantic Web Rules Language (SWBL)miodelling rules.
SWRL has been proposed as the basic rules landaatee Semantic Web Stack and
is based on a combination of the OWL DL and OWLelLwith the Rule Markup
Language (Rule ML) It provides the ability to add Horn-like rulespegssed in terms
of OWL concepts in order to establish more powediedluctive reasoning capabilities
[6], [8]. Observing the relations between objectsentities, situation awarenessgor
assessment) aims at providing a projection basesitoations, which describe a state
of affairs adhering to a partial view of the wo[BD]. The three levels of the situation
awareness according to [12] are i) perception eimeints ii) comprehending the
meaning of these elements iii) using the underéantb implicate future states. [9]
emphasizes the notion of relationship; the relatidretween subjects constellate
various situations. Whether these subjects arectsbfeom the real world or abstract
information objects that are perceived through ols®ns and stored as "facts" in the
knowledge base remains undecided. A subject isevifahe is capable of observing
some objects and making inferences from these wdisans.

Another part of the domain model covers flemsorsn the trailers and the control
hierarchy, which at least consists of the sensdegpthe trailer gateways, the trailer
fleet of a customer of a service type, and theofell customers of a IT service type.
For the trailer-WSN related part of the domain mpdehe Open Geospatial
Consortium (OGC) sensor web enablement, in particular the obsemmtiand
measurements (O&M) [1], was taken as starting poirtis standard describes
conceptual models and defines XML schemas for obsiens.

The OpenGIS Sensor Model Language Encoding Stan(&@edsorML) specifies
models and XML encoding that provides a framewoithiw the characteristics of
sensors. Due to its criticism for complexity, Sehlo is not directly adapted in this

3 http://www.w3.0org/Submission/SWRL/HBAugust 2012)
4 http://www.opengeospatial.org/
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work. Instead the Starfish Fungus Language (*FLutiszed, which supports every
type of sensor and allows expressing all detailsutilthe sensing procedures [5].
Moreover for the modeling of the various sensoetym future the compatibility with
SensorML is assured. Last but not least, Sensoe®@aigon Service (SOS) standard
defines a Web Service interface which allows queyyebservations, sensor metadata
as well as representations of observed featureagusiiree main operations;
GetCapabilities, DescribeSensor and GetObservdtiathis respective, concepts from
an observationontology, Semantic Sensor Observation Service &a#or O&M-
OWL), are adopted, which takes the advantages miesenting the sensor data in
OWL and enabling reasoning over sensor observafidbs The knowledge base,
provided by an ontology, can be accessed througitandard SOS request (e.g.
GetRequest), making the sensor data useful forde wange of applications, thus
leading to improved interoperability.

OWL allows data values to be typed as XML Schemagjdimes or durations and
provides minimal support for modelling the temporelations as well as temporal
information. As a result, ontologies often canndlyfexpress the temporal knowledge
needed by applications, forcing users and devetofpedevelop ad hoc solutions. For
this purposes the OTS adopts Allen’s time intenatgebra that has six basic time
intervals constituting a sum of 13 temporal intémedations [17]. On top of this, the
valid-time temporal model is applied [16], whichtegmpts at a solution for
representing the time information by providing ghtiweight temporal model. The
selected approaches as well as their applicatiomdts are illustrated ifiable 1

Table 1: Modelling domains and selected approaches

Domain Selected Approaches
Modelling Rules SWRL

Modelling Time Allen’s Model
Information Valid Time Model
Modelling Sensors and OGC Standards
Observations SemSOS

Modelling Situations Situation Awareness

4.2. The Ontology for Trailer Surveillance

The OTS should cover the transportation domain witiprimary focus on the
surveillance of the transportation instances atigdo(haulage), i.e. trucks and trailers.
The main reason behind using the OTS is offeriagilfle customer services to protect
the transport instances from thievery as describesiction 3. In order to specify the
requirements on the ontology, we put together tadfiscompetency questions. These
are systematized in accordance with their abstmactevel (i.e. domain-level or
application-level questions) and corresponding itecture (i.e. Observation, Sensor,
Event, Situation). Some of those questions aredigiTable 2

Table 2: Competency questions and their classification

Architecture Abstraction Level
Domain-Level Application Level
Observation Which observations dare Give me the rebtens
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propagated from a feature o¢fwhich are assessed from|a
interest? particular trailer instance

Sensor Which sensors provide th&Vhich sensor instancgs
observations? provide information about

the velocity?

Event Which events are captured frgnis trailer 1 in a safe locationf
the features?

Situation What is the temporal propertyWhen was the e-seal of
of a particular situation? trailerl broken?

Important Terms and Classes in OTS.The terms utilized in the knowledge base
should semantically be explained in order to creab@sic terminology and a common
understanding among the users as well. Based omtuel presented in [18], we
define aneventas concepts, which are caused by observationsaggtegated by
situations. Events are not moments but they capthee times of the relevant
occurrences, such as velocity of a trailer or tistadce between the rear doors. Hence
one event can occur during another event, whicliges useful information for the
inference of the instance’s situation. Signal assests are saved as observations in
the knowledge base and they all have some valessli{s).Featureis representation
or the abstraction of the real world entity thatisex in physical reality [19] .
Phenomenornis a physical property that can be observed andsuored, such as
temperature, gravity [21]Observation act of observing a property, produces a result,
whose value is an estimate of a property of theadion target or feature of interest
[20] . A sensor is a source producing a value withivalue space Finally, a situation is
a constellation of events over a period of timet tffects future system behaviour
[18]. Adopting the approach of Baumgartner etla. $ituations are described in terms
of rule-based situation types comprising objectd te relations between them [13].
These concepts are represented as classes intthegyn which are depicted Fig. 1

The situation classes illustratedFiy. 1 define and implement the customer services.
Hence they are the most important classes in th8.@Thas six defined subclasses -
four classes are in conformity with the four seegidhat are currently offered to the
customers. As an exampisSeal Br oken class represents the implementation of the
"Electronic Seal" customer service. In order toeassrelevant situations for this
service, sensory information has to be aggregatedh fthe individuals of the
NonSaf eLocati onEvent, Di stanceEvent and Vel ocityEvent. The
instances of the latter two classes need to oaatingl someval i dTi meEvent . To
name the other important classes, Bmt i t y class represents temporal information
based on [16], thEeat ur e class represents the abstraction of real worldientike
trailers and platforms, which deploy instanceSensor class.

Properties of the Classes in OTS. The classes alone cannot provide enough
information in an ontology, the properties of thedasses are also necessary to
constitute the OTS. Due to simplicity and placesoges, only some of the properties
should be introduced in this section. The objeatpprties bef ore, duri ng,
equal , neet s” are applied for the representation of the timéatien following
Allen’s temporal intervals. The object propedegl i ver sl n is used to capture
information about the trailers that deliver the deadn particular cities, which are
entered manually by the trailer or goods ownethi information base. If a trailer is
charged with a delivery in a specific city, theristltity is the member of the

10
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Saf eCity class. The metadata information of the sensorsrapgesented via
hasMet aDat a object property. The sensory information is inteted as an
observation and this has some values, which areieapthroughhasResul t object
property. Unlike object properties, which link imaluals to individuals, data type
properties describe relationships between indivalaad data values. To represent the
time information in intervalshasBegi n- hasFi ni sh data type properties are
utilized. The data type properasEnvi r onnment has the value true, if an object is
in the vicinity of the trailer.

Rules in OTS.The rules are mainly created to provide considierd representation
such as “if an event meets a second event, whithrimmeets a third event, then the
first event is before the third event’. There also rules to contribute to the
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consistency of the ontology; for instance, thedwihg simple rule assures that if a
situation aggregates an event, then the featutéhtbavent deals with has to be in this
situation, since events are captured from features.

The defined classes are classes that have necesghsyfficient conditions. As the
name implies such classes have a definition. Cdasdeof whose individuals satisfy
this definition, can be inferred to be subclasska defined class. In the OTS, the
concept of the defined classes is used for the lasd®s of theEvent and
Si t uati on. As an example, if the following three conditicme fulfilled, then an
individual of theDi st anceEvent class is found, i.e. an event happens which could
lead to reasoning activities that trigger relevgintations and related to some services:
(i) The individual is a member of the event claBattare caused by at least one
observation and (ii) if such an observation exigisn it must have at least one result
and (iii) if such a result exists, then it must éat least onbasDi st ance data type
property with an integer value greater than “1".

These conditions (i) and (ii) are named as “patmnditions” since most of the
defined classes reuse, extend and build upon tReminstance an individual of the
ESeal Br oken class is found if the following conditions are filléd>: (i) The
individual is a member of the situation class thggregates at least one individual of
theNonSaf eLocat i onEvent (ii) The individual is a member of the situatioiass
that aggregates at least one individual of Ehest anceEvent and (iii) if such an
individual of theDi st anceEvent class exists, then it must happen during at least
one Val i dTi neEvent (iv) the individual is a member of the situatiolass that
aggregates at least one individual of tel oci t yEvent and (v) if such an
individual of theVel oci t yEvent class exists, then it must happen during at least
oneVal i dTi neEvent .

5 Potentials and Limits of OTS for Self-Organizatio

The development of OTS primarily followed the raguients indicated by the
industrial case in section 3 which did not expljcitnclude the feature of self-
organization. However, the initial experiences vilte architecture and new plans to
implement adaptability in business models [18] ¢atiéd that the ability to adapt to
changes in the environment would be of much useisTlve will discuss in this
section which options exist to use OTS in a seajfanizing context.

First, we have to be aware that OTS is based onuli-tier or multilayer
information system architecture. On the techniagkl there is a network of wireless
sensors that provides basic communication and psatg functionality based on self-
organisation. This layer is not covered by the G thus it is not reflected which
properties the sensor has to have to be an ageestribes the domain of interest,
hence necessary concepts of trailer surveillanpgligation logic is based on OTS or
in the case of rules even specified in OTS. Howetler application tier itself is a
multi-layer construct (layers: Sensor Data — EveBituation — Business Service) and

5 The event classes have to fulfill ,pattern corutit” already.
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is subject to self-organization. Situations for mpde can be recognized in a
decentralized manner by the cooperation of a ffainsor nodes.

The discussion will be based on both i) the elem@ftself-organizing systems:
environment agents mechanismsartefacts and ii) the functionalities of self-
organizing systems: capability to spontaneoushaterémpromptu network, assemble
the network themselves, dynamically adapt to defadere and degradation, manage
movement of sensor nodes, and react to changaskrahd network requirements (see
section 2.3 for reference).

5.1. Coverage of Elements of Self-organizing System

An ontology that provides complete support for -seffanization needs to provide
concepts for all elements of such a system. Ifdhewing, we discuss to what extend
OTS covers each of the system elements.

There is a broad range of interpretations what tease considered as the
environment of a self-organizing system. It stdrtsn executionenvironmentof a
software and ranges to physical phenomena in tbgirpity of an agent or sensor
respectively. OTS covers both ends of that scale GlassSensor G- oundi ng
represents a certain sensor platform in the sehsseal hardware and software. The
classFeat ur e and its subclasses represent physical objectseiretivironment. The
Physi cal Property class describes the data that is covered fronemv@onment
by Observations. The assignment to particular features is done tiy
hasPr operty relation.

The agentsof the self-organizing system are representedhey dassSensor .
However, there is no possibility to describe thactionality of the agents besides
sensing data. Hence, the only task ofagentwould be providingObser vat i ons.
The task of data processing is not covered andotd®self-organized based on OTS.

Mechanisms in OTS are defined as SWRL-rules. These descrilmv h
obser vat i ons have to be aggregated to complex interpretatibtise environment.
This includes the requiredPhysi cal Properties of Features and their
aggregation t&Event s andSi t uat i ons. Again, the organization of the task of rule
interpretation (data processing) is not covered.

Artefactsin the sense of the definition in section 2.3 r@resented by instances in
the OTS knowledge base.

As a conclusion regarding the coverage of elemehtself-organizing system by
OTS, it can be said that all elements are addrestmdever, there are moechanisms
for the organization of data processing. Regardirggdiscussion at the beginning of
this section, this is done on the technical laygart this task should be performed
situation based and content aware. This means thest be an interface in order to
link data interpretation rules and discovered situs to the mechanisms of data
processing management, e.g. task assignment.
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5.2. Coverage of Necessary Self-organization Capétes

All mentioned capabilities are necessary for thehihécal Layer in order to provide
basic communication and processing functionalitpwilver, we focus on the layers
that are covered by OTS and discuss, how the anggloovides the knowledge needed
for capability provision.

The capability tospontaneously create impromptu netwigkrelated to the basic
task of providing communication functionality. Rediag the multi-layer architecture,
this functionality can be clearly assigned to thexfinical Layer. OTS layers are not
relevant.

The capability toassemble the networkfers tomechanisra for the determination
of necessary network componentsgént$ in order to fulfil a certain task. The
identification of the rightAgentsfor the determination dEvent s andSi t uat i ons
has to be done in the layers covered by OTS. Th8 lesdescribe which data from
which Sensors (agent3 is necessary in order to do that. Thus, OTS gdiyer
contains the necessary knowledge for the provisiothe capability to assemble the
network. However, the task of data processing is amvered, as discussed in the
previous section.

The capability todynamically adapt to device failure and degradatiocludes
mechanisms for the avoidance of inconsistent statéscorrect data respectively and
for the spontaneous construction for workaround$atitbacks. Regarding OTS, the
rules guarantee th&vent s andSi t uat i ons are only determined if the complete
set of necessary valid data is available. Thustha case of a sensor failure the
Situations that depend on the respective sensor data cammotecognized
accidently. However, functionality is limited ingbe cases. OTS does not contain rules
that apply for the case of failures and provideeiemmple fall-backs. Such rules cannot
simply be added because there is no rule for timeextstence (failure) of an instance.
Thus, the addition of failure into the OTS concepta prerequisite in order to provide
appropriate adaption capabilities to failure angrddation.

The capability tomanage the movement of sensor nodes / agemgles the
reassignment of tasks depending on the currentigsiof theagents OTS covers the
positions of theSensor s relative to objects of thenvironmente.g. Pl at f or mand
Trai |l er. The rules are defined based on these positiomss, Treassignment of the
sensing tasks on position changes is assured.

The capability toreact to changes in task and network requirememeeds
mechanismgor the reassignment afgents tasks depending on tasks that have to be
fulfiled by the system. In OTS, the systems’ taske described by rules and by
instances of theCust onmer Ser vi ce class. However, OTS performs all specified
tasks for all trailer instances in its current etathere aren’t concepts for a more
detailed task assignment. Thus, reaction on taskgds is only possible on a global
level controlled be the (non-)existence of rulesd annstances of the
Cust oner Ser vi ce class.
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6 Summary and Conclusion

Starting point of this work was the goal to devetopontology that provides new
information logistics services in the transportatgector and that is able to support
self-organisation in order to adapt to new situaiand requirements. The introduced
OTS ontology supports the delivery of already dpEtinew information logistics
services like Electronic Seal or Electronic Ferldewever, new services can emerge
in the future, which require the assessment ofdsfiit situations. For instance, the
El ement ar ySi t uat i on class has no direct function in the OTS whereasight
be used in the future to exploit customer’s pregiaess to pay for the services, e.qg.
booking an elementary situation can be providea dbwer price than booking a
complex situation, which is represented Bpnpl exSituati on class. Such
services can be realized by adding more rules éokttowledge base. New sensor
types and situation types will be added by the tmeraof new instances of the
respective classes. The practical evaluation ofal& has been conducted by adding
four trailer instances to the knowledge base, dwsting different situations and time
stamps. In doing so, we were able to observe holivtiae inference rules work. The
future work might include the application of thet@bgy in a concrete environment.

Developing the ontology revealed the importancethef definition of rules for
ontology driven applications. Thus, we added antad@l step for rule definition in
the ontology development process by Noy and McGsan3]. Furthermore, their
approach was shifted from the slot-based ontolagpjgh to an OWL2 compatible way
of ontology creation.

Regarding self-organisation, we conclude that saapects of self-organization are
already well covered by OTS. However, there are atsne shortcomings that need to
be solved in order to fully support self-organiaati A problem is the content aware
communication and data processing as proposed ifetess sensor networks. A link
between necessary knowledge in order to perforikstas the upper layers to the
processes on the Technical Layer is missing. Aoldttily, the definition of fall-backs
and alternative procedures is missing in OTS anchome comprehensive way of
representing service requirements would be desiraBblving these issues would
foster the use of ontologies like OTS for self-ariging information systems.
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Abstract. With the increasing use of sensors and actuatotschnical systems
and knowledge-intensive services the need for psicg the information
captured by these sensors and “making sense” oiitinfreases. Knowledge
fusion is supposed to contribute to this field sinit aims at integrating
knowledge from different sources. Development odwiedge fusion solutions
is a complex task which can be compared to systamdssoftware development.
As in other development areas there is a need fficiemt development
processes which can be supported by reusing solptats, such as patterns or
components. The paper brings together experiemoes knowledge fusion sub-
system development and from design of knowledg@fupatterns. The main
contributions of this paper are (1) a real-worlglagation scenario presenting
typical requirements to knowledge fusion syster@¥ application of knowledge
fusion patterns from context-based decision supjoosituation recognition, (3)
recommendations from this application case.

Keywords: knowledge fusion, knowledge fusion pattern, situatisituation
detection, knowledge logistics.

1 Introduction

With the increasing use of sensors and actuatordedahnical systems and
knowledge-intensive services, like in cyber-physigstems, preventive maintenance
or intelligent information logistics, the need fmocessing the information captured by
these sensors and “making sense” out of it inceed&eowledge fusion is supposed to
contribute to this field since it aims at integngtiknowledge from different sources.

The development of knowledge fusion solutions ayglesns usually is a complex
task which can be compared to systems and softdewelopment projects. As in
other development areas there is a need for afficievelopment processes which can
be supported by reusing solution parts, such d@erpator components. The aim of this
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paper is to bring together experiences from knogdefision sub-system development
and from design of knowledge fusion patterns. Wé amalyze applicability and
pertinence of knowledge fusion patterns in a pegjept from civil security and derive
recommendations from this analysis for future prg@iming at using fusion patterns.

The main contributions of this paper are (1) a-wealld application scenario
presenting typical requirements to knowledge fusBystems, (2) application of
knowledge fusion patterns from context-based degissupport to situation
recognition, (3) recommendations from this applaratase.

The remaining part of the paper is structured dbvie: section 2 gives an
overview to the field of knowledge fusion and disses related work. Section 3
presents the application case constituting the dréon this research. An overview to
the basic concept of knowledge fusion patternvemin section 4. Section 5 discusses
the applicability of fusion patterns in the givemppécation case and derives
recommendations. Conclusions and future work eseudised in section 6.

2 Knowledge Fusion

Techniques for data, information and knowledge dasfrom different sensors,
services and components have received much attedtioing the last decade. This
section will give a brief overview to the field vahi starts from data fusion since this
often lays the ground for higher level fusion aitiédg, like knowledge fusions.

The process model for data fusion suggested byt Iirectors of Laboratories
(JDL) which later became the Data Fusion Group (PE&he most popular of the
fusion models. First proposed in 1985, the JDL/DR@del was revised several times
(see [1] and [2]) due to observed shortcomings (@Jrrently, the levels with the
JDL/DFIG model are: Source Pre-processing/Subjezse8sment (level 0), Object
Assessment (level 1), Situation Assessment (leyellrBpact Assessment / Threat
Refinement (level 3), Process Refinement (levelahy User Refinement / Cognitive
Refinement (level 5). Through its different leveleg model divides the processes
according to the different levels of abstractiorttef data to be fused and the different
problems for which data fusion is applicable (eGharacteristic estimation vs.
situation recognition and analysis). The model digmescribe a strict ordering of the
processes and the fusion levels, and the levelsaralways discrete and may overlap.
The model was initially proposed for the militanypdications but is now widely used
in civil domains as well, such as business or niedicThe JDL/DFIG model is useful
for visualizing the data fusion process, facilitgti discussion and common
understanding and important for systems-level mition fusion design [4].

Other fusion models include the Boyd loop [5], Waterfall model [6] and the
Endsley model [7], which focus on different perdpecof the fusion task and propose
refined structures or processes. The Omnibus m@eak an attempt to achieve a
unified model by merging different fusion modelsrdflects the cyclic nature of the
Boyd loop, and carries the finer structure of that®vfall model, of the JDL model,
and of the Endsley model.
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Two main groups of knowledge fusion approachescaramonly distinguished:
knowledge fusion based on knowledge representdaimhnologies and semantic
integration for federated systems. Semantic integravill not be discussed in detail,
since it primarily focuses on applications in infation systems and database context,
i.e. fusing schemata of the information sourcesowledge Fusion approaches based
on knowledge representation techniques, like seémaets or ontologies, have been
subject to research during the last 20 years asdtesl in a number of methodology
and technology approaches. The most cited and agaches include the following
ones.

The KRAFT [9] architecture for knowledge fusion anansformation: knowledge
fusion is defined as a combination of knowledgenfrdisparate sources in a highly
dynamic way. In order to do this, data instance=drte be associated with knowledge
concerning their context, such as how they shoaléhterpreted and how they can be
used. Two main kinds of operations are recommerided distributed knowledge
fusion system: knowledge retrieval (to find out mtking the organization knows
about something) and problem solving (to use thebined knowledge to solve a
particular problem).This leads to a number of smwirequired by the system:
knowledge location services (to find the relevamowledge on the network),
knowledge transformation services (to translate km®wledge into a common
representation language), and knowledge fusionicrv(to combine and process
knowledge).

The Knowledge Supply Net approach KSNet [10]: tbal@f the KSNet approach
is to complement insufficient knowledge and obtaéw knowledge using knowledge
from different sources. The technologies involvedrs from ontology management
and intelligent agents to constraint satisfactiod aoft computing. Knowledge as a
set of relations, such as constraints, functiongutes, that can be used by a user or
expert in order to decide how, why, where, and wbatlo with the information in
order to meet a goal or a set of goals within arctntext and time. The knowledge
fusion process structure has several steps, ingudianslating knowledge from
different knowledge sources into a unified formguicing knowledge from external
sources, select the relevant knowledge producinvg keowledge by discovering or
deriving it from the existing knowledge, internaliion of knowledge, and knowledge
fusion management.

The general idea to capture the domain under ceretidn in a domain ontology,
the tasks to be supported in task ontologies bairmart of the domain ontology,
integration the knowledge sources by using theselagies and fusing the relevant
knowledge on-demand is suitable for the plannedeptoA commonality between
these approaches is that industrial scale appitasind support by off-the-shelf
products so far is quite sparse.
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3  Application Scenario

The content of this paper is based on work fromRR&-Security-IP Integrated Mobile
Security Kit (IMSK) project IMSK was addressing the continuously evolvinge#tr
of unpredictable terrorist activity, which demantie application of existing and
developing technology for the protection of citigeMore concretely, IMSK combines
technologies for area surveillance, checkpoint mdnNCBRNE detection and support
for VIP protection, into a mobile system for rapldployment at venues and sites
which temporarily need enhanced security. The pt@eapproach is to design a
system (IMSK) that will integrate heterogeneouinfation to provide a common
operational picture. This includes to employ legaoy novel sensor technologies, and
to adapt the system to local security forces.

Data, information and knowledge fusion have magbes within the IMSK system.
IMSK integrates different kinds of sensors provigliobservations of the sites to be
protected. The data provided by physical sensarswell as pieces of information
provided by human observers and open sources, ttave combined in order to
provide an overview of the ongoing situation. Whithihis work, we are particularly
interested in knowledge fusion and fusion of highel information. We decompose
the fusion process into several phases of fusidrst, Fentities of the world are
represented using detailed observations providediffgrent kinds of sensors. This is
the attribute fusion phase. Then, the recognizddiesare combined and relations
among them are observed. The situation fusion phase at reconstructing a more
global view of the observed situation that contdingh the entities recognized in the
attribute fusion phase and the relations that Hmen observed among them by other
information sources providing information of a héigHevel. Both the attribute and
situation fusion, rely on the same approach. Thephases differ only by the level of
detail of the observations that are processed. Gmeeaepresentation of an ongoing
situation is achieved, the situation recognitiomsiat deciding whether the ongoing
situation is one of the “critical situations” pmaihary defined by the end users. Last,
the event correlation phase allows for combinirg different static critical situations
recognized in order to detect the occurrence ofpdexncritical situations. The event
correlation phase allows taking into account timd apace issues of the critical event
detection process.

Several scenarios were defined within the IMSK @cbjthat aim at showing the
adaptability of the platform to different typeserfvironments and events. One of these
scenarios is the protection of ViRduring an EU summit. The events of the summit
take place in three different locations of a cifje participants have thus to go from
one place to another one. One of the tasks to pposted is the protection of VIPs
when crossing a bridge when going from the congoesger to the dinner place.
Several sensors are deployed in order to detectNEBiiReats, fireworks, approaching
vehicles, etc. Our aim, within knowledge fusiontascombine observations acquired
through the different sensors (and potentially adse fused at a low level), with

6 http://www.imsk.eu
7VIP = Very Important Person
8 CBRN = chemical, biological, radiological and nuclear
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information coming from other sources. We then h&wvedetect potential critical
situations and events, according to the ones tleaspecified by the end users of the
IMSK system. Our example here focuses on the detecf a vehicle approaching a
VIP while he/she crosses the bridge. We use theleshtracking system observations,
the schedule of the summit and observations pravigepeople on the site.

The requirements to the functionality of a knowledgsion sub-system derived
from this scenario are defined as “capabilitiesg,. idesirable functionalities to be
supported by knowledge fusion. Examples for capadslare:

e Area surveillance: Area control: airspace, Areatadnland, Area control:
waterways, Protection of public infrastructure, tBotion of buildings and
Protection of property.

e Command & control (C2): Situation awareness, Deaisisupport,
Deployment support and Communication management

» Communications: Emergency communication, secure nuamication and
communication in buildings.

» Access rights: verification of access rights, ecéonent of access right
restrictions, crowd monitoring, identification ifnwanted behavior, VIP
assault prevention, identification of wanted people

4  Knowledge Fusion Patterns

Knowledge fusion patterns were developed to geizer&howledge fusion processes
in relation to sources involved in these processes. this, the knowledge fusion

processes ongoing in a context-aware decision stuppgtem (CADSS) were

investigated [11].

In the CADSS a situation is modeled by a two-leegeintext. Abstract and
operational context represent the situation afiteeand second levels, respectively.

The abstract context is a non-instantiated ontclogged situation model. This
context is created for a specific situation. It tcaps knowledge relevant to this
situation from an application ontology. The ontglogombines domain and task
knowledge needed to describe situations happenitigei application domain.

The operational context is the result of an abstantext instantiation for the
actual circumstances. Data and information fromower sources (sensors, humans,
etc.) is fused within the abstract context struetir produce the operational context.
This context is a near real-time schematic pictiréne ongoing situation.

The operational context is the basis for decisi@king. The system supports the
decision maker with a set of decisions feasibléhm current situation. This set is a
result of solving tasks specified in the abstramhtext as a constraint satisfaction
problem.

The investigation of the processes ongoing in tA®SES results in the following
knowledge fusion patterns:

Selective fusianintegration of multiple knowledge pieces fromigas ontologies of
different types into a new ontology. The patternused for application ontology
creation.
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Simple fusion integration of multiple knowledge pieces from &gt large
multipurpose ontology into a new knowledge piectenided to restricted purposes.
The pattern is used for abstract context building.

Extension inference of new knowledge as a result of knogéedntegration. The
pattern is used for abstract context building.

Instantiated fusionfusion of data/information from multiple (possibheterogeneous)
sources to create a representation that may behys#iie CADSS, decision makers,
and other humans as the basis for problem solidgdacision making.

Flat fusion(see Fig. 1): fusion of knowledge from multiple krledge sources during
problem solving. The pattern is used for generatioa set of feasible decisions.
Adaptation gaining new capacities/capabilities by units (kfexlge sources, source
network, actors, etc.) as a result of their adapiato new circumstances or new
scenarios. The pattern is used for adaptation afxésting knowledge source network
to new scenarios and for adaptation of decisiomatikees to changing settings.
Historical fusion revealing new knowledge from hidden knowledgeebasn the
accumulated one. The pattern is used to inductiferénce of new relations between
the entities presenting in different contexts.

The knowledge fusion patterns are formalized im&eof preservation/change of the
structures and autonomies of the initial and tasgeirces, and in terms of the results
the knowledge fusion processes produce in the CADO3® reasons of choice the
states for structures and autonomies as a measuas follows.

Name flat fusion

Problem: providing the decision maker with a set of alttive decisions

Solution: solving the problems, to which the decision maias to find solutions

in the current situation, as a constraint satigfagbroblem

Initial source: operational context

Target source a knowledge source fusing operational contexttaadset of

alternatives

Autonomy pre-states initial source targetsource
non-autonomous n/a

Result in CADSS a new knowledge source of a new type

Result in ontology terms a new knowledge source representing the result of

fusion of the dynamic ontology with the set of aitative decisions

Post-states initial source targetsource
Structure: changed n/a
Autonomy: n/a autonomous

Schematic representationFig. 2
Phase of CADSS functioninggeneration of a set of alternative decisions

“n/a means the source does not exist
Fig. 1. Flat fusion
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Operational context
New knowledge source

......................
S, —source
Cn — internal units in representations of sources
d, — feasible decision
— relationship

—> - link between the knowledge source and the wiitdinstantiated
--» — reference to the unit to be instantiated
= — new knowledge

Fig. 2. Flat fusion: schematic representation

Knowledge fusion involves multiple sources in tmtegration processes. In the
context-aware systems integration of data/inforamdkinowledge refers to the process
of integration of their conceptual structures. Efiere, source’'s structure is an
obligatory concept taken into account by the irséign.

Autonomy creates awareness of the reliability otatiaformation/knowledge
represented in the sources. The CADSS operates yimnuc environments.
Information and knowledge represented in the emvirental sources that are related to
the internal system sources (i.e., the environneaiarces and system ones are non-
autonomous) are considered to be more reliable thdarmation/knowledge
represented in the autonomous environmental saufceargument in favor of this is
any changes in the linked (non-autonomous) enviemai sources are reflected in the
system sources.

An example of patterns specification is given ig.Hi; a schematic representation in
Fig. 2. Flat fusion patter is used in this example.

5 Knowledge Fusion Patterns for Situation Detection

Within IMSK, the domain modeling and knowledge eg@ntation is based on
ontologies [12]. They are used as the core reptasen paradigm and formalism. The
knowledge representation for the fusion module udek two main categories of
knowledge: (1) knowledge specifying fusion tasksl §8) knowledge forming the
input for these fusion tasks. The fusion tasks o dupported are attribute and
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observation fusion, critical situation recognitiand event correlation. In this paper,
we will focus on situation recognition and the iaitite and observation fusion forming
the basis for it. An ontology-based formalizatidrttee situation model is available in
[12].

Within the attribute fusion, the different featurasquired through the various
sensors of IMSK are combined so to determine tbatity of the objects and entities
taking part of the external situation. As oppose#ihematic information (i.e. position,
velocity and acceleration), attribute informatiamyide descriptive information about
an entity’s characteristic or quality. The ID-taglor, width or acoustic signature on
an entity all make plausible attributes. Attributeg, by many means, useful within
systems such as IMSK. In crowded spaces, attribotes facilitate a tracker to
associate observations to correct tracks. A ritloBattributes can also support in the
situational- and behavioral analysis, e.g. by deiteing the identity of entities, by
establishing their relations, and by indicating atiiibute combinations.

The aim of the attribute fusion module is to budldnore precise and complete
description of the entities taking part in an obedr situation. This is made by
continuously trying to extend and refine the flafattributes associated with each
entity. For this task, we use heterogeneous sereiodstake advantage on their
different qualities and the kind of attributes thegn deliver. During the situation
fusion phase, the focus is on the relations that detween these different entities.
Finding these relations allow having a more coherepresentation of the ongoing
situation. The representation goes from a set afenled entities to a structured
observed situation in which the previous entitigset part, with specific roles. When
two observations (at least partially) overly, théormation fusion sub-processes builds
an unique view of the observed object or situatioom them. The fusion phase
confronts several points of view on the state of aoject or a situation. This
confrontation leads to a conflict resolution pha&enajor stake of information fusion
is to automate the conflict resolution phase.

Fig. 3 describes the general information flow uB®dsituation recognition. IMSK
smart sensors, fusion modules and open informadimurces provide information
which are captured in observation graphs baseti@ddmain model. These graphs are
used for observation fusion and create fused observ graphs. The observation
graphs are the basis of situation recognition, tigissentially is based on comparison
with a-priori defined models of critical situationn case a critical situation is
detected, alerts are generated in the command &a@ystem.

When investigating the use of knowledge fusiongrat for situation recognition
in IMSK, the following process was used: we firsatohed the decision support
process forming the ground for knowledge fusiontgyas onto the situation
recognition flow in IMSK. Afterwards the matchindgpgses were investigated in more
detail in order to identify potentially suitabletfgans. The potentially suitable patterns
then were mapped onto the IMSK ontology in orddirtally decide on applicability.

The first step, mapping the decision support preaes the situation recognition
flow, showed a principal difference in the appressHMSK did not explicitly use an
abstract context which was adapted and configuoedhie actual operative situation
but rather applied the same application ontologhictv was configured for the
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Fig. 3. General information flow for situation recognition

application case under consideration by instanggit. Although the approaches have
similarities, the fundamental difference is thaustural changes and extensions as
supported by the knowledge fusion patterns addrgsbe process flow in adapting the
abstract context (abstract context creation, refex and reuse) are not applicable. It
should be noted that the use of “context” from dieti support systems in IMSK is
appropriate, since both event correlation and s@dnaecognition depend on the actual
situation of an entity (e.g. the access controtsygiems for the EU-summit).

The knowledge fusion patterns defined for the “apige” part of the decision
support system process could be applied even f@KIMAn example is the “flat
fusion” pattern presented in section 4. This patteould be used to create a list of
critical situations based on the representatioobskrvations in the knowledge base. In
DSS, flat fusion creates a list of feasible solsidor a decision problem. In situation
recognition, this “feasible solution” correspondptmssible situations.

Other knowledge fusion patterns considered as Lsafd pertinent for the
situation recognition scenario are ‘“instantiatesgidn” (for creating a real-time
representation of the current situation based enottiservations), “historical fusion”
(for creating new knowledge based on archived previcritical situations) and
“adaptation” (for adaptation of the knowledge b&sdhe detected situation). Fig. 4
gives an overview to the fusion process and us&hfawledge fusion patterns in
IMSK.
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In addition to the use of KF (knowledge fusion)tpats in the knowledge fusion

process, we also investigated possible knowledgmriuresults [13 — 23]. Potential
results enhancing the knowledge base are:

new knowledge created from data/information. Sucdfovkedge represents
information having been processed, organized arctired in a way that may be
used by systems and humans as the basis for praloleimg and decision making;

a new type of knowledge. This result means intégnadf such knowledge that the
outcome is knowledge of a radically new type;

a new knowledge about the conceptual scheme. Esigltrconcerns changes in
schemes formally representing knowledge. New @tati concepts, properties, etc.
appearing in existing schemes are examples of mewledge;

a new problem solving method or a new idea howoteesthe problem. This is the
result of reuse and combining existing knowledgeeaw scenarios;

new capabilities/competencies of a unit (a unitt timmoduces or contains
knowledge). Like the item above, the new capabgitompetencies are the result of
reuse and combining existing knowledge in new stesia

a solution for the problem. This outcome meansgiagon of knowledge from
various sources in problem solving, which resuta problem solution;

a new knowledge source created from multiple saurcehis result is a
generalization of different knowledge fusion result implies origination of a new
source to represent the new knowledge.
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6 Summary and Future Work

The paper investigated the possibility of KF pattase in situation recognition using
the example of civil security from the IMSK proje@the main result was that four KF
patterns from the operative part of the knowledggon process were found applicable
and useful. Based on this insight, we recomment fiitare projects aiming at the
development of knowledge fusion systems for situtiecognition should take these
patterns into account. We expect this to speedhepcbnstruction process of the
domain model and the knowledge base. Another resulis investigation is that KF
patterns designed for DSS at least on the conddptted can be transferred to another
knowledge fusion purpose: situation recognition.

The main limitation of the research presented Ietlat it stays on a conceptual
level. 1t would be worthwhile and interesting tovdp an actual knowledge fusion
solution for situation recognition based on KF eats. During this development
process, the efforts spend would have to be doctedeand compared to other
projects in order to validate whether pattern esdly saves efforts.
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Abstract. We address the existing gap between business gwronedels and
lawful states of business objects. This gap hindemsipliance of business
process models with internally and externally inggbgegulations. Existing
modelling methods such as BPMN and ArchiMate laclegplicitly declarative
approach for capturing flow of business objectgjrtistates and laws of state
transitions. Such deficiency can cost organizagiotential legal problems, make
the ability of BPMN and ArchiMate to capture realtWdo phenomena
guestionable and drive modellers to employ addiicstandards. This paper
proposes a formalized solution for closing the datween business process
models and states of business objects by using BWelem Our approach
includes means for explicit definition of states lafsiness objects, automatic
generation of conceivable state space at a procestel design-time, and

automatic generation of lawful state space and damge checking at a process
run-time.

Keywords: Business process modelling, BWW, BPMN, Object state,
Compliance.

1 Introduction

Business processes are valuable assets of anyizatian. In organizations business
process modelling has become a main activity fpturéng, analysing, and improving
business processes. Business process modellingrisesipwo aspects — the control-
flow perspective and data-flow perspective [1]. Tokflow perspective defines
possible execution paths of a business proces$e @ata-flow perspective represents
how business objects are manipulated and changes staring a process. Data in
business process models are usually declarednrstef business objects (physical or
virtual) and usually there are prescribed allowkadies of business objects contained in
internal business policies, external legislativeudoents, standards, reference models,
and other regulations. Nowadays there is an inete@gessure on organizations to
guarantee compliance of their business processéls warious regulatory and
legislative requirements, other externally imposeastraints, and internal business
policies [2]. For an organization engaged in bussnprocess modelling this might
mean that (1) activities in business process mduele to be associated with business
objects representing inputs or outputs, (2) ittoalse possible to represent a state of a
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business object at a given point of time, (3) i ba be possible to associate allowed
state transitions with a business process moddl{4nit has to be possible to detect if
a state of a business object is compliant withvadih state transitions. In this paper we
are not talking about the soundness of the proeessrectness criteria that a process
model has to fulfil, e.g., deadlock or livelock feans.

Compliance can be checked during or after the di@twf the business process,
called compliance by detectipnor compliance can be checked while modelling the
business process, calledmpliance by desigf3]. In this paper we address the issue of
compliance between business process models andillatdte space of business
objects. In our solution we intend to apmlgmpliance by detectiomethod to check
during the execution of the business process téstaf business objects are compliant
with the lawful state space. However, we also idtengenerate a space of conceivable
states for business objects at a design-time ahess process.

We motivate our research with the following: coraplie between business process
models and lawful state space of business objéftsnsures that organization will not
violate laws and there will be no potential legedldems for the organization, and (2)
ensures consistency in collaborative business pseseand customer satisfaction. A
number of studies exist that show the importancadofressing data and states of data
in business process models — e.g., in [4] authmtisdte the importance data-driven
process structures in large engineering processds & assembling of a car or an
airplane, and according to [5] in order to achisgée execution of a process model it
must be ensured that every time a task attempsdess a data object, the data object
is in a certain expected data state (legal stata].since not all possible transitions of
states are meaningful, restrictions on object dtatesitions are also required. In this
paper we intentionally use the term “business dbjeand not “data objects”, since
active structure elements are also capable of deguanstate which can be illegal and
should be also monitored.

Nowadays organizations employ industry modellirandards like BPMN [6] and
ArchiMate [7] to understand and improve businesxesses. Business Process Model
and Notation (BPMN) [6] is the de-facto standardrigpresenting in a very expressive
graphical way the processes occurring in virtuaiery kind of organizations [8].
However, BPMN has its limitations when it comes nmdelling other aspects of
organizations such as organizational structureratas, functional breakdowns, data,
strategy, business rules and technical systems If@brmation about Enterprise
Architecture (EA) is needed to create real-worldibass process models. To provide a
uniform representation for diagrams that descriBe &chiMate modelling language
has been developed [7]. The core of ArchiMate laigguconsists of three main types
of elements: active structure elements, behavidements, and passive structure
elements (objects) [7]. Some tools like ARIS [16HaQPR [11] allow linking BPMN
and ArchiMate models in their modelling environmgentinkage between BPMN
models and ArchiMate models provides possibilitescomplement BPMN models
with enterprise aspects and ArchiMate models witaited process descriptions. In
this paper we particularly address linked BPMN anchiMate models, which we, for
simplicity reasons, cabbusiness process models

The previous research has shown (see [12], [13] [@4d) that BPMN and
ArchiMate lack in ability to describe flow of bugiss objects in business process
models and explicitly declare states of businegeotd imposed by regulations. This
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gap hinders compliance of business process modéls external and internal
regulations.

Wand and Weber [15] built a set of models for thaleation of modelling
techniques based on an upper ontology defined mg8(16]. They extended Bunge’s
ontology and applied it to the modelling of infortioa systems (BWW model) [15].
BWW model consists of constructs present in thé weesld that must be represented
in information systems. BWW model allows straigifardly addressing: (1) states of
things, (2) lawful state space and lawful eventcepaf things, (3) conceivable state
space and conceivable event space of things, &8 Ew that restricts values of the
properties of things to a lawful subset, and (B)fl& transformations that define which
events in things are lawful. To be able to contablether an unlawful event has
occurred in a business process, or a businesstdlgis@assumed an unlawful state, it is
necessary: (1) to provide means explicitly definisigtes of business objects in
business process models (2) to generate lawful camteivable states spaces for
business process models, and (3) to check compliahbusiness process models with
generated lawful state spaces at a run-time.

This paper presents an on-going research which wnmovide a solution and a
prototype of a tool for supporting explicit dectéoa of lawful states and compliance
checking between business process models and latafi@ space of business objects.
For a theoretical foundation purpose we proposes&®BWW model [15], since BWW
model complements BPMN and ArchiMate for what thee lacking — explicit
representation of business objects, their statesstate transition laws.

Research presented in [17] describes how BPMN aruthiate support BWW
model. There are 6 BWW model elements that aresnpported by these modelling
languages, namelyState Law (SL), Conceivable State Space (CSS),uL&thte
Space (LSS), History (H), Conceivable Event Sp@&eS),and Lawful Event Space
(LES) or a tuple {SL, CSS, LSS, H, CES, LES}. These axments are to be taken
into consideration to define a complete, lawfuld aonsistent description of business
processes. Our work focuses on the use of BWW eles{&L, CSS, LSS, H, CES,
LES} in designing compliant with the states of businebgects business process
models. However, we are aware that the subjectamfiptiance is broader than
concerns of business object states.

The main contribution of this paper resides in thatuse BWW model — a system’s
model with a proven research record — to suppleB&NN and ArchiMate models
with explicit declarations of object states, stat@s and conceivable and lawful state
spaces in order to support organizations in achgegompliance with regulations.

The paper is structured as follows. In Section  thlated work is outlined. In
Section 3 a running example that we use througti®mipaper is described. Section 4
contains formalization of BWW elements {SL, CSS,9,31, CES, LES} using a set
theory. In Section 5 existing gaps and the proposeldtion is discussed. Brief
conclusions and future work are presented in Seéio

2 Related Works

The lack of consistent theoretical foundation failding information systems urged
Wand and Weber [15] to build a set of models fog #waluation of modelling
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techniques. Wand and Weber have extended the gytaicesented by Mario Bunge

[16] and developed a formal foundation called BWWdal for modelling information

systems [15]. Elements in BWW model (in the texawh in italics) can be organized

in the following groups (adapted from [17]):

1. Thing- includingProperties, ClasseandKinds of Things Thingis an elementary
unit in BWW. Thingsposses#roperties which definesStatesof a Thing Things
can belong taClassesor Kinds depending on a number of commBroperties A
Thing can act on anothéerhing if its existence affects thelistory of the other
Thing Thingsare coupled if on&hingacts on another.

2. State of Thing- Propertiesof Thingsdefine theirStates State LawrestrictsValues
of Propertiesof Things Conceivable State Spatea set of alStatesa Thing can
assumelLawful State SpaceefinesStateghat comply withState Law. Stable State
is aStatein which Thing or aSystenwill remain unless forced to change BRing
in the System EnvironmentJnstable Stateis State that will be changed into
anotherStateby theTransformationsn the SystemHistory is the chronologically-
orderedStatesof Thing

3. Transformation— transformation betwee8tates of ThingsTransformationis a
mapping from oné&tateto anotherLawful Transformatiordefines whictEventsin
Thingare lawful.

4. Event-is a change iBtateof Thing Conceivable Event Spatea set of alEvents
that can occur tdhing Lawful Event Spacis a set of alEventsthat are lawful to
Thing Eventscan belnternal Eventsand External EventsEventscan beWell-
Defined — Eventin which the subsequer@tate can be predicted — dPoorly-
DefinedEventin which the subsequeSBtatecannot be predicted.

5. System- a set of coupledhings System Compositiois Thingsin the System
System Environmeris Things outside theSysteminteracting with theSystem
System Structuris a set of couplings that exist amdFgings Subsysterns System
whose composition and structure is a subset ofctmeposition and structure of
anotherSystem System Decompositios a set oSubsystemé evel Structurds an
alignment of the subsystems.

The authors of [5] propose a notion of “weak comfance” which checks
conformance of a process model with respect to dj@cts. This notion can be used
to tell whether in every execution of a process eh@dch time a task needs to access a
data object in a particular state, it is ensured the data object is in the expected state
or can reach the expected state and, hence, thegzronodel can achieve its goals. In
[18] authors identify that consistency between hess process models and object life
cycle is required, however, their relation is natllwinderstood. Authors clarify this
relation and propose an approach to establishabained consistency by explicitly
defining object states in business process modelstlzen generating life cycles for
each object type in the process. The authors of ifidficate that object life cycle
modelling is valuable at the business level. Howewe propose to consider states of
objects also at the application and technologyl$eeé enterprise architecture since
objects can be hidden and specified in sub-prosesstures at different levels of an
enterprise. The authors of [19] use object lifeleyas a common means for explicitly
modelling allowed state transitions of an objectimty its existence and propose a
technique for generating a compliant business paaodel from a set of given
reference object life cycles.
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The notion of a “legal state” is also mentioned20] where authors indicate that
the representation of legal states in a model wh@de procedure is essential because
organizations should be able to derive their oliliges, rights, and duties at each point
during the execution of the trade procedure anggse to annotate the states in Petri
nets. In [2] authors investigate the use of temipdeantic assignments on activities as
a means to declaratively capture the control-flemantics that reside in business
regulations and business policies. In object-oeiénparadigm, state machines are
extensively used for representation of states gaib [21]. In [22] the authors propose
logic based formalism for describing the semanti€sbusiness contracts and the
semantics of compliance checking procedures angectbe gap between business
processes and business contracts. In [3] the adticoses on compliance by design
and extends artifact-centric approach to model d¢iamge rules using Petri nets and
show how compliant business processes can be syrddeautomatically from the
point of view of the involved business objects.

Since we address the importance of explicitly repnéing business objects and
their states in business process models, our agiprigaalso related to case handling
[23] — a relatively new paradigm that, unlike wdokf management, is strongly based
on data. In our approach we generate a lawful Spéee using a conceivable state
space based on a particular business process &cérzse).

The objective of this paper differs from the rethteork in that it uses BWW model
as a theoretical foundation for generating cond#ésand lawful state spaces from a
business process model and applies it to nowadayaaio modelling methods BPMN
and ArchiMate.

3 Example: Electronic Submission

Throughout this paper we are using a simple elactreubmission example at a
university in which a researcher uploads his paliic to university repository and
can choose an option to publish her work as Opeteg publication (see Figure 1).
Researchers must choose a licence under whichatisénto publish their publication —
a version of the full text of the work which thehtisher permits to archive in the
institutional repository. The possible versionstivd publication’s full texts are: pre-
print, post-print or published version. Uploadedlmation can assume several states
based on the set of its properties, e.g., lawfateswill be when a version of a
publication’s full text is the pre-print and puliiey has permitted archiving this
publication. Lawful event will be allowing showing full text of this publication
publicly. Unlawful event will be when a publishesshnot allowed archiving but a full
text is made available publicly.
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Fig. 1. BPMN 2.0 model of the electronic submission bussngrocess.

4 Formalization of BWW Model

In this section we propose formal definitions of B¥Vmodel elements based on
informal description of BWW model presented in [12]

Definition 1: Thing. A Thing is the elementary unit in the BWW ontolalgicodel.
The real world is made up of Things. Things posBesperties.
A Thingis a tuple:

T ={P, SL, CSS, LSS, H, LT, CES, LES}, where:

P is a set oPropertiesof a Thing
SL is aState Lawof aThing
CSSis aConceivable State SpaokaThing
LSS is aLawful State Spacef aThing
H is aHistory of aThing
LT is Lawful Transformatiorof aThing
CES is aConceivable Event SpacéaThing
LES is aLawful Event Spacef aThing
Example. In the running example presented in Sectioift8ng is a Publication
submitted by a Researcher.

Definition 2: Property. A Property is modelled via a function that maps Ting
into some value.
Propertyis a tuple:
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P ={a, t}, where

e ais anAttribute of aProperty

e tis aPropertytype, namely, in general, in particular, heregitamergent,
intrinsic.

Property is described agunction that maps &hingfrom a set oPropertiesP; to R;:
(f: Px— PRy).

Example. In the running example presented in Section 3li€ation is assumed to

have the followingProperties(due to limitation of space we present only a sub$e

all possible properties):

» P={Title, In General}.

» P,={Status, In General} — differs from the noti@tate(although names can
be identical). Values of “Status” can be “Registgre‘Confirmed”,
“Cancelled”.

 P:={Open Access Mark, In General} — represents wheth®esearcher has
chosen the option to archive Publication as Operess.

 P,4~={CC Licence, In General} — represent chosen C&hse, possible values:
“CC BY”, “CC BY-SA”, “CC BY-ND".

* Ps={Version of the Full Text, In General} — can havalues “pre-print”
“post-print”, or “publisher's version/PDF".

» Ps={Publisher Policy, In General} — can have valu&réen” (can archive
pre-print and post-print or publisher's version/PDellow” (can archive
pre-print), “White” (archiving not formally supped).

Definition 3: State. The vector of values for all Property functionsadfhing.
Let's assume that there is Publication X, theBtatefor a Publication X at a given
point of time can be defined as
Si= {lD, {P 1, Py,...R, P|+l,...Pn}}, where:
» IDis a name that identifies ti&tate
o {Py, P5...R, P.1,...R} is the vector of values for altropertyfunctions
Example. Statefor a Publication X from the running example:

Sex= {Confirmed, {Title X, Confirmed, Yes, CC BY, Prerint, Yellow}}

Definition 4: Conceivable State Space. The set of all States that the Thing might
ever assume.

CSS = {S, T}, where:
* Sis a set of finite conceivab&ates
e T is aTransformationthat is a mapping function, e.g., frodtateX to State
Y: (f S—S) —it is an association to a particular activity ire tbusiness
process model.
Example. For any uploaded Publication X from our runninguaple:

CSS = {{Registered, Add Publication}, {Open Access, @ise OA Option}, {Not
Open Access, Archive Internally}, {CC Licence Chns€hoose CC Licence}, {Full
Text Version Chosen, Choose Full Text Version}, fRecation Confirmed, Confirm
OA Archiving}, {Publication Cancelled, Cancel OA éiving}}

Definition 5: State Law. A State Law restricts the values of the Propertés
Thing to a subset that is deemed lawful.
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SL = {Piaw}, Where:
P.warePropertiesof aThingthat are lawful and is a subsetRybpertiesof aThing
l:)Iaw EP

Example. In the electronic submission exampl&tate“Full Text Available Publicly”
is lawful only in case wheRropertiesof Publication are, .e.g.:

o P={Title="Title X", In General}

» P,={Status= “Confirmed”, In General}

» P;={Open Access Mark= “Yes”, In General}

 P,~={CC Licence="CC BY”, In General}

» Ps={Version of the Full Text= “Pre-Print”, In Gene}al

e Ps={Publisher Policy = “Yellow”, In General}

Definition 6: Lawful State Space. The set of States of a Thing that comply with
State Laws of the Thing.

LSS = {S, SL} where:
* Sis aset of finite lawfubtates
» SL is aState Law —set of Properties that are lawful for a Thing imsth
particular state
Example. Let's assume that a Researcher has uploadedtiautsr Publication X,
then:

LSS = {{Registered, {Title X, Registered}}, {Open Acess, {Title X, Registered,
Yes}}, {CC Licence Chosen, {Title X, Registered, ¥,eCC BY}}, {Full Text Version
Chosen, {Title X, Registered, Yes, CC BY, Pre-Pritellow}}, {Publication
Confirmed, {Title X, Confirmed, Yes, CC BY, Pre-Rt; Yellow }}

Definition 7: History. The chronologically ordered states that a Thingvases in
time.

H={ss S, .--s Su-.- S}, Where
* sis a starState
* s and g are chronologically nex@tatesn time
* s.is an endstate
Example. History of Statesn the running example for a Publication X:

Hpx = {Registered, Open Access, CC Licence Chosenl, Feit Version Chosen,
Confirmed}

Definition 8: Lawful Transformation. Defines which Events in a Thing are lawful.
Event is a change in a State of a Thing.
LT ={E,, SC, CA}, where:
* FEis a set oEventsthat are lawful in &hing, it can be defined as a subset of
all EventsE E E
» SCis a set o$tability Conditionghat specify théStateshat are lawful under
Lawful Transformation
» CA s a set ofCorrective Actionghat specify how the values of tReoperty
functions must change to provid&tateacceptable under transformation law.
CA={(f:Px—Py)}
Example. In the running example LT for a Publication Xa®tate“Registered”:
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LTp={{E :={Registered»Open Access}, S& ={Registered, Open Access}, CA
={{Title X, Registered}—>{Title X, Registered, Yes}}}, {E={Registered>Not Open
Access}, SG; ={Registered, Not Open Access}, CAg; ={{Title X,

Registered}>{Title X, Registered, No}}}}

Definition 9: Conceivable Event Space. The set of all possible Events that can
occur in the Thing.

CES = {E, T}, where:
» Eis aset of all Events that can occur ifinéng
» T is aTransformationthat is a mapping function, e.g., frodtateX to State
Y: (f: S—S)

Example. In the running example CES for Publication X:
CESyx ={{E{Registered~»Open Access}, ERegistered»Not Open Access},
Ex{Open Access»>CC Licence Chosen}, £CC Licence ChoserFull Text Version
Chosen}, E{Full Text Version Choser-Publication Confirmed}, EFull Text
Version Choser-Publication Cancelled}

Definition 10: Lawful Event Space. The set of all Events in a Thing that are lawful.
LES = {E, LT} where:
» Eis a set of lawfuEvents
» LT is aLawful Transformation
Example. In the running example LES for Publication X:

LESy,={E{Registered=Open Access}, EOpen Access>CC Licence Chosen},
E;{CC Licence ChosermFull Text Version Chosen}, FFull Text Version
Chosen~Publication Confirmed}}.

The applications of above-presented formalizatigitishe shown in Section 5.

5 Existing Gaps and Proposed Solution

This paper continues the research presented inddd][13] where the evaluation of
BPMN and ArchiMate against BWW was presented. Basethe results presented in
previous works, we can conclude that BWW modelrdefia set of elements that are
supported by BPMN and ArchiMate modelling languagewell as a set of elements
that are not supported by these modelling languadésiority of BPMN and
ArchiMate core elements can be mapped to BWW coacistr However, it is necessary
to supplement BPMN and ArchiMate modelling langusagéth the missing elements
in order to be able to maintain a set of lawfulemjstates in business process models.
Because in BPMN and ArchiMate there is no explieppresentation for object's
State Conceivable State Spackawful State Space, State Law, Conceivable Event
Space, Lawful Event Spa@adHistory — resulting BPMN and ArchiMate models may
be irrelevant and modellers may need to incorpadthtional modelling techniques to
overcome these defects. It may be impossible tectidtom BPMN and ArchiMate
models which events and states should be expeotedtdur and which events and
states can occur but are illegal. Another imporéesptect is lacking of elemeHistory,
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which chronologically describes state changes sfrfmss objects. This deficiency can
lead to problems regarding maintaining system'’sdod recovery.

These gaps hinder lawfulness of business proceselmdecause lawful states of
business objects are not explicitly depicted initess process models, models might
contain meaningless states and events, sinced sehceivable states and events are
not depicted, and, as a result, business proceslsmdo not represent real-world
processes and can lead to business process inememlwith regulations. Also, since
BPMN proclaims to be directly executable, omittisiggtes and state transition laws
may hinder correct automated execution.

Using BWW model will potentially support creatingudiness process models
compliant with regulations, since missing BWW elaemseare addressed. Our approach
intends to achieve the following:

— Explicitly defining Propertiesof business objects in business process models
using formal definition described in Section 4 andicating whether business
object is an input or output parameter of an atstivi

— Explicitly defining Statesof business objects in business process modeig usi
formal definition described in Section 4.

— At business process design-time we intend to génexstomaticallyState Law,
Conceivable State Spaemd Conceivable Event Spachrectedgraphs based
on formal definitions presented in Section 4 anglieitly defined Properties
andStatesof business objects.

- We intend to check compliance of business proce#ls lawful states of
business objects at a run-time. At business procesgime based on a
particular process scenario or case, we intencet@mate automaticallyawful
State Space, HistorgndLawful Event Spaceirected graphs.

— We intend to use rules for object life cycle getierapresented in [18] for
automatically generating conceivable and lawfutesepaces. Rules for object
life cycle generation presented in [18] are basegatterns that are matched in
the business process model and used to createtdiigecycle with state
transitions from initial state to possible end estat

The proposed solution for maintaining lawful stadédusiness objects in business
process models requires a repository-based modetiol that accommodates BPMN,
ArchiMate and BWW.

For the running example of electronic submission ofsearch paper to a university
repository Figure 2 depictSonceivable State SpaeedLawful State Spacgraphs for
a Publication X. We would like to indicate that Radition is not the only business
object in this example — also “Notification from titisher” is a business object, CC
licence, etc., but due to limited space we do dot @nalysis of other business objects.
Conceivable State SpaaedLawful State Spacgraphs were created using formalisms
defined in Section 4:
1.LSS was created using formal definition LSS = {3,} S which represents a
sequence ofawful Statesand what ar@ropertiesof Thingfor the lawful states:

LSSy = {{Registered, {Title X, Registered}}, {Open Asse{Title X, Registered, Yes}},
{CC Licence Chosen, {Title X, Registered, Yes, Q@ ,HFull Text Version Chosen,
{Title X, Registered, Yes, CC BY, Pre-Print, Yejjp@Publication Confirmed, Title X,
Confirmed, Yes, CC BY, Pre-Print, Yellow}}.
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2.CSS was created using formal definition CSS = {$,-Twhich represents all
possible sequences of states for Publication:

CS$ = {{Registered, Add Publication}, {Open Access,08sc OA Option}, {Not
Open Access, Archive Internally}, {CC Licence Cinggghoose CC Licence}, {Full
Text Version Chosen, Choose Full Text Version}p{eation Confirmed, Confirm OA
Archiving}, {Publication Cancelled, Cancel OA Arehig}}.

Conceivable State Space for Publications Lawful State Space for Publication X
_ _| Properties={Title X,
P=(T itle X, Registered}
Registered Regls/tered, No} Registered
7

_| P={Title X, Registered, Yes}

Access
CC licence
chosen

Full Text
Version Chosen

_| P={Title X, Registered, Yes,
CCBY}

Full Text
Version Chosen

~ ~ _| P={Title X, Registered, Yes, CC
BY, Pre-Print, Yellow}

Publication
Cancelled

R ~ < P={Title X, Confirmed, Yes,
Publication Confirmed ! Publication Cancelled pyblication Confirmed CC BY, Pre-Print, Yellow}

|:Title X, Cancelled, Yes, CC -

BY, Pre-Print, Yellow

Fig. 2. Conceivable and lawful state spaces for a pubtinath electronic submission
example.

6 Conclusions

Compliance between business process models andtdtgge spaces are especially
required in data-driven processes — in any proossdel that is based on data and
manipulates with business objects. This paper ptesen on-going research towards
supporting compliance between business process Isnatel lawful state space of
business objects. BWW model is used as the foumdatisince it allows
straightforwardly addressing the lawful and conable state spaces of business
objects. BPMN and ArchiMate modelling languagesndbhave elements that support
explicit declaration of object states, includifgate Law, Conceivable State Space,
Lawful State Space, History, Conceivable Event §paad Lawful Event SpaceThe
main contribution of this paper is a formalized usmin for providing compliance
between business process models and lawful stdtémisiness objects that has a
capacity to support organizations in ensuring céengpke between business process
models and regulations.

With regards to tool support further research imgslimplementation of modelling
environment capable of maintaining state spacésisihess objects.
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Abstract. The paper proposes a new method for facilitatimgdedge exchange
by seeking relevant university experts for comnmentctual information events
arising in the open environment of a modern econahgluster. This method is
based on a new mathematical model of ontology qusaeatching. We propose
to use in the formal core of our method a new nicatiion of Latent Dirichlet
allocation. The method and the mathematical motlentology matching were
validated in the form of a software-based solutithe newly designed decision
support system titled EXPERTIZE. The system regularbnitors different text
sources in the Internet, performs document analgsid provides university
employees with critical information about relevantents according a developed
matching algorithm. In the proposed solution we enadveral contributions to
the advances of knowledge processing, includingy nedifications of topic
modeling method suitable for application in exdartiing tasks, integration of
new algorithms and existing ontology services tavsfeasibility of the solution.

Keywords: expert finding, natural language processing, topacieling.

1 Introduction

Emerging and successful growing of new forms odrisirganizational cooperation
known as regional, innovation or university clustgt] in national economies became
a significant phenomenon of the modern world-wideciG-economical system.
Sustainable exchange of expertise and professkmatledge between stakeholders of
innovation clusters plays an important role in kienlge-based economics [2]. For this
task an university undoubtedly should be a catalysth provides expert evaluation
and opinions. Critical problems and major strategfioices should be commented,
discussed and exposed for multiple stakeholdedsidimg industry mass-media and
society.

Until now there is no big success of tight integmatof university community
within the framework of emerging innovative clusterinformational links are
developed byad hoc manner, major activities are implemented inside #table
university-based structures like incubators andn@ass parks. Communication with
business experts and mass media shows that in motebulent information
environments it is the paradigm of information &mdwledge exchange which should
be modernized. The modernized paradigm of informmatind knowledge exchange
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should facilitate reactive or even proactive bebawf university community in
response to critical emerging economic or socianpimena in the open environment
of innovative cluster-based economy of knowledge.

Traditional analytical methods which provide modemiversity community with
current information about important discussion ¢spiand critical issues lack of
comprehensiveness and become too slow. In nowgagtice of universities the best
solutions primarily include manual analysis of masdia and internet resources and
further slow distribution of information about reét public events through the
inefficient hierarchical organizational structureofn the schools, faculties towards
department and employees).

We believe that advanced methods of automated arndmatic knowledge
management belong to critical scientific foundasiafi modernization the paradigm of
information and knowledge exchange. A specificallgsigned combination of
automated text processing and ontology-based kmimsleengineering may improve
quality of information analysis and reduce univigrsiresponse time.

There are many interesting systems which approaateeslose to our knowledge
exchange idea. The one of it is Media Informatiargistics project (Media-ILOG)
which is concerns the domain of mass media too. gda of the Media-ILOG [3],
was to improve information flow inside a local n@aper JonkopingsPosten.

In our research we limited the scope of the afordiored global problem to the
key issue of real-time matching between relevanivarsity experts and actual
information events arising in the open environmehtthe economical innovation
cluster. We offer a solution of that issue in tloenf of new automated method of
experts finding for facilitating knowledge exchangpetween the university and
heterogeneous community of the innovation cluster.

In contrast to Media-ILOG which is used semantid¢ahismg approach proposed by
Billig et al. [4] The core of our method is a madétion of Latent Dirichlet allocation.
[5] Itis algorithmically implemented in the newtiesigned decision support system
titted EXPERTIZE. The system regularly monitors feliént text sources in the
Internet, performs document analysis and providieeusity employees with critical
information about relevant events according theifpeelevance matching algorithm.

The high level design structure of EXPERTIZE sofevaystem includes several
principal components. They are Crawler, Data Madébata Store, GUI and Matcher.
We match an input document not only with a singleest from our dataset, but with a
scientific areas of interest, which is a categdrthe formal ontology. Each category is
represented as a probability distribution of lategics, so we match distribution of
latent topics in the query document with the catggesing the maximum-likelihood
estimation.

In the result of software implementation EXPERTIZ&ftware system has been
implemented as a software service. Now it is inogerating state, and regularly
collects data from the several information resosiraeailable in Internet: library of
HSPE and Elibrary®. Open systems interfaces allow EXPERTIZE get tiead access
to the areas of domain interest of the employed43# from the InfoPort service [6].

9 publications.hse.ru
0 elibrary.ru
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A set of practical use cases show that EXPERTIZ&p@rly matches the actual
information about discussion topics and informateents.

The article has the following structure. After timroduction Section 2 contains
related works overview in the information modelangd semantic matching to experts’
domains. In Section 3 we observe essentials andalofoundations of our method.
Main design decisions and functionality of EXPEREIZoftware system are described
in Section 4. Section 5 provides the readers witbecstudy of application of that
system in a real life information environment. $&tt6 concludes the work, giving
comparison results of our method and other knowpragrhes and defining open
research questions for further investigation.

2 Overview of Relevant~ormal Methods for Expert Finding

As soon as our task is to match ontology concepéxpertise with plain text of news
it is strongly related to the common expertiseiegtl task. The past decade has
appeared tremendous interest in expertise retr@vain emerging subdiscipline. From
2005 the Enterprise Track at the Text REtrieval f@mnce (TREC) provided a
common platform for researchers to empirically assenethods and techniques
devised for expert finding [7]. The TREC Enterpriwst collections are based on
public facing web pages of large knowledge-intemsivganizations, such as the World
Wide Web Consortium (W3C) and the Commonwealth r@ifie and Industrial
Research Organisation (CSIRO).

Balog et al. 2012 [8] highlights state of the amduls and algorithms relevant to
this field. They classified expert finding approastas follows:

« profile-based model;

» document-based model;

* hybrid model.

A profile-based model for expert finding using inf@tion retrieval proposed in
Balog and de Rijke [9]. A candidate’s skill is repented as a score over documents
that are relevant given a knowledge area. The aaley of a document is estimated
using standard generative language model techniques

In the other approach, the method of document-bagpdrt finding does not create
a profile for each expert. It uses documents taclmatindidates to queries. The idea is
to first find documents that are relevant to thpidoand then locate the experts
associated with these documents. The document madelalso referred to as query-
dependent approaches. Later, Fang and Zhai [1Gepted a general probabilistic
model for expert finding and showed how the docurt@sed model can be adapted
in this schema.

Balog et al. [8] applied this approach to a languagpdel-based framework for
expert finding. They also used the profilebasedr@ggh in their system and showed
that the document-based approach performs beter the profile-based model.
Serdyukov and Hiemestra [11] proposed a hybrid rhdaie expert finding which
combines both profile- and document-based appr@ache

Semantic analysis of texts for expert finding witlyuired competencies proposed
by Fomichov on the basis of Formal Concept Analy$®. The approach allows to
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build and compare semantic representations of expefile using the theory of K-
representation and a model of linguistic database.

A topic modeling approach for expert finding propddy Balog et al. [13]. Instead
of modeling candidate profiles or documents, theitta model for each input query
and used this model to calculate the probabilitycafididates given queries. Their
approach is similar to the document likelihood roethwhich is used in language
model-based information retrieval. Based on thesults, this model underperforms
the profile- and document based approaches. The reason of its poor performance
is the sparsity of the models built from the querieheir definition of topic, however,
is different from ours. The term topic in their \aefers to query words that users use
to search for experts, whereas in the present warlkuse the term topic as a set of
concepts that are extracted from a collection usirigpic modeling algorithm. There
are multiple known methods for topic modeling ofcdment which are Latent
Semantic Analysis (LSA) [14] Latent Dirichlet allation (LDA) [5] et al.

The topic modeling approach is based on the assomittat words in a document
are independent of one another (bag of words) &mide@r order in the text. Similarly,
documents in a corpu3 are independent of one another and unordereditiRison of
words W is determined by the set of latent topZ: Each topic has its own word
distribution (phi) and each document has distritnutiver topics (theta).

Traditional topic-based information retrieval apgeh is exploited by Wei and
Croft, 2006 [15]. The extracted topics are usedirid@rmation retrieval, whereas the
to-be-retrieved documents are used in the retristeg, i.e., the distribution of topics
over words (phi) is used for estimati®®(Q/Z) , whereQ — is a set of word in query.

The distribution of documents over topics (thesa)sed for estimating(Z /D) .

Another topic-based model is proposed by Momtadildaumann [16]. This model
outperforms the state-of-the-art profile- and doentrbased models. To-be-retrieved
documents are not used in the retrieval step. adstee only use these documents for
training LDA, i.e., to be-retrieved documents asedias a corpus to extract topics in
an off-line process. Then, in the retrieval step, anly use the distribution of topics
over words (phi) for estimating botP(Q/Z) and P(e/Z)wheree — is an expert
label.

In a paper [17] the researchers show how to uspia-based model with scientific
ontology, where each document labeled with a cayego scientific classification
taxonomyC. They represent each categorgs a conditional probabilistic distribution
P(Z/c) which denotes the probability of categarypeing labeled with topiz. By

utilizing LDA, P(Z/c) is a |Z| -dimension vector of topic distribution. The main

requirement for this approach is to estimate thobability P(z /c), which cannot be
obtained directly from LDA. However, according tbet Bayes formula authors
calculate P(z, /c) by

Rc/ z) A(z)
Zk RAcz)

where Rc/z) and F(z) can be obtained from LDA. As soon %k Rcz) is

Nz /c)= 1)

constant for different and F(z,) is uniform distribution we have
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P(z/c)d P(c/z) 2

On the basis of explored papers the best way tesmir task is to match between
relevant university experts and actual informaterents using topic-based model,
which is proposed by Momtazi and Naumann [16]. Thwe should implement the
model for papers in Russian language concludeduineaterprise dataset. With the
help of approach described in [17] this topic-bagpproach can be applied to use with
scientific ontology. To show feasibility of the stibn, we archive an integration of
new algorithms and existing ontology services.

3 The Essentials and Formal Foundations of the Metd Proposed

In our previously designed InfoPort system [6] fwlving the expert finding
problem we proposed to translate a user-specifiestygto a corresponding SPARQL
qguery which is evaluated against a specific seRDF repositories. The query result
consisted of a relevant category of scientific sification taxonomies and keywords.
The search algorithm of InfoPort system retrievécbarsons who labeled with this
query.

In the current research our new system EXPERTIZEksvautomatically: it gets
news event as a query and matches it to the migstarg scientist, who can provide
expert evaluation and opinions about it. In otherdwve arrange experts in order to
relevance to the event.

On the one hand news events are represented asimewatural language format,
thus we have ability to extract semantic informatfrom the text On the other hand
each expert has texts in the form of written papen®cords of spoken interviews and
tutorials. This material contains rich semantiomfation about personal interests and
abilities.

There are some formal models suitable for impleatén of context analysis such
as a Distributional Semantic Model (DSM) [18][19%caLatent Semantic Analysis
[20][14] and Latent Dirichlet Allocation [5].

In our project we use an extension of Latent DlathAllocation which is a
generative formal model that uses latent groupsexjaain results of observations —
data similarity in particular. For instance, if thebservations are words in the
documents, one can posit that each document isrdination of a small number of
topics and that each word in the document is cardewith one of the topics. Latent
Dirichlet Allocation (LDA) is one of topic-modelingnethods and was first introduced
by its authors as a graphical model for topic d&ac

In our approach by training the LDA model, we fothe statistical portrait of its
author. A person writing a text has a set of topidheir mind, and each document has
a certain distribution of these topics. The autfist selects the topic to write on;
within this topic, there is a distribution of worttsat may occur in any document that
contains this topic. The next word in the texténgrated within the distribution. Then
the same procedure is repeated. On each iterdtierguthor either selects a new topic
or continues to use the previous one, and genetiatesext word within the active
topic [5].
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The first step of our method for expert findingisraining the model on a collection
of texts. We get an estimate of two discrete digtion functions. The following is
distribution of probabilities of wordW in topics Z :

P(W, /z,); i 01|W|,k 01]Z] 3)
Distribution of probabilities of topicZ in document:D :
P(z/d,); kO1[Z|,;nO1D| 4)

Semantic representation of query news docurdgman be also calculated using
built LDA model. It is distribution of probabilitee of topics Z in documentsd, —

P(z,/d,); KOL[K]|.
In the second step, the extracted topics are wsedltulate the probability of query
document, given candidatek and categorie€. BothE andC represented as a word

in the LDA model. Thus, F¥E) and PQ/C) is calculated based on the topics that are
distributed over candidate names (E) or sciendifimain topics (C).

P(d,/E) =) P(d,/zE)P(z/E) (5)
P(d,/C) =) P(d,/zC)P(z/C) (6)

By assuming conditional independence betwdesnd E, C and the documetfitas
equiprobable with other documents we have

P(dolz,E):P(dO/z,C):P(dO/z):%D Rz/d,) @)
Using (2) and (7) from (5) and (6) we get followisignple formulas

P(d,/E) O Z Rz/d,)P(E/?2) (8)

P(d,/C) O Z Rz/d,)P(C/2) 9)

We rank the categories C from scientific classtfaa taxonomy according to the
maximum-likelihood estimation. Most probable categ® are chosen and associated
with expert.

Conax = argmax{P(d, / c)) (10)

We perform the same approach to rank experts E &gt of employees of the
company.

4. Software Design of EXPERTIZE

The described method for experts finding was peatlii implemented during
design and implementation of the system for matghietween relevant university
experts and actual information events arising ie thpen environment of the
economical cluster. Such system was called EXPERTIhe following services are
distinguished in the high-level design of that eyst(Fig.2):

1. Web Crawler;
2. Data Modeler;
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3. Data Store;
4. Graphical User Interface (GUI);
5. Matcher.

EXPETIZE actively uses our InfoPort Service [2].afsemantic service provides in
the form of formal ontology factual information alitomore than three hundred
employees of Higher School of Economics (HSE NRUjanch at Nizhny Novgorod.
The InfoPort data is represented as RDF triplespl@y include hierarchical
information as it originally is in the source. Tfiest level is an alphabetical ordered
list of group of scientist, second is a scientigthvhis personal interests and papers,
and third is papers with its features.

The components of the EXPETIZE system can be ladsas Online and Offline
services. Both are interacted with InfoPort viaivetREST interface. Offline ones
work within monthly period to update informatiorgrdarly. Online services work on
demand, when user activates it by web interface.

Regular
offline
service

EXPETIZE system

Online
services

Native i InfoPort platform

REST-
Interface |

Store
Service

_________________

Fig. 1. Interaction of EXPETIZE services with Infmf®platform.

Offline processing begins with crawler Service biieduler. It makes a request via
REST-interface to the InfoPort Store Service toetak list of papers’ URI
(Uniform Resource Identifiers). As soon as eachepap available online the Crawler
gets it by URI and extracts paper’'s features framgepusing XML parser. Paper’s
features include: authors, title, abstract, freg/wards, scientific categories of
ontology. This information is collected to the D&sore with the help of MySGE
base as a Temporal raw data. Implementation of @ra®ervice uses Pyth&n
programming language and Lxthlibrary for HTML processing.

Preprocessing in the Data Modeler service inclildedollowing steps:

» gettemporal raw data;

» tokenize the text;

* lemmatize the tokens;

 index the words using the dictionary of lemmas;

« filter out the words that are too frequent (stopd®) or too rare (used only once);
 index authors and scientific categories;

» form bag of words using lemmas, authors and caigegjor

1 http://iwww.hse.ru/en/
12 http://www.mysgl.com
13 http://www.python.org
14 http://Ixml.de
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 build LDA model with a given number of topi&s

At present time, there are several methods fordmgl LDA models, that is,
methods of searching for parameters of all distidloufunctions in the model. All of
the methods are iteration-based and are similastincture to the Expectation
Maximization (EM) algorithm. They are:

- Online Variational Bayes algorithm [21];

- Gibbs Sampling [22];

- Expectation Propagation [23].

Among these algorithms, we use the Online Variaidayes algorithm as it is the
most precise one [21]. It is well implemented ire tiensintt toolkit. resource-
intensive algorithm.

InfoPort RO RSS \

Store Servic |- oo o Web GUI <:| Newsfeed |!

3 " H 1

EST- ‘ i

- nterface ____________ i !

/ Offine ™\ | ﬁ !

! processing 1 ! 1

1 : : :

! ! 1

! Crawler Data L Online :

: Service Modeler Pl Matcher processing 1

1 1

! L !

\ D ;
\\*—--ﬂ— ______________ R4 \\\___ ____________________ ,,’

P \

1 1

1 1

! Temporal raw data LDA model Data Store !

1 1

1 1

\

Fig. 2. Principle design of the EXPERTIZE system.

Online processing performs on demand of user bypiogé/Neb GUI. Web interface
activates RSS Newsfeed, which gets and displayastthhews from the RSS feed and
an empty textbox. User can choose one of its 1Gsrmavpaste the text to the textbox
manually. When user specify input query the GUhsfar it to the Matcher. In turn,
this component performs online semantic searcherastic representation of event is
matched with semantic representations of scientditegories and experts by applying
the formula (8) and (9) and selecting top 5 of timits. So, the Mather component
returns 5 URIs to the GUI.

To provide user friendly output of the finding résGUI component makes a
request to the Infoport Service. It gets featufeath® selected units: full name, expert's
photo URL, expert’'s department.

15 http://radimrehurek.com/gensim
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The crawled collection includes 4132 units but cb®2 papers are in the Russian
language. So, we decide to extend collection whi help of eLibrardf scientific
database. This is a biggest scientific databaskeerRussian language. We extracted a
part of this base connected only with Informaticechnologies field. It includes 9127
papers not older than 2011 year.

5 Case study

Evaluation of our proposed method and the EXPERT$¥Eem was performed
empirically. We choose experts from our pool. Thaol includes more than three
hundreds of professors and researchers of the H8E Ihanch at Nizhny Novgoréd
According to an experts field of the study we chosess, which one can be comment
by expert and put it to EXPERTIZE. If this expepipaars in the list, proposed by the
system, we mark such attempt as a successful match.

Let’s take a case study. There is an expert SidDroitry V. whose profile includes
a set of scientific domain topics, which he isiatted in. There are:

e W - innovation projects,

* W, - venture investments,

e Ws - innovative potential estimation
+ etc.

Each scientific domain topics coded as one word wadhave pre-created table
which is distribution of probabilities of wordsW in latent topics Z:

P(w /z.); i DL|W|,kDﬁ. It usually has small number of elements highanthero.
Table.1. Example of probabilities distribution ofomds W in latent topics

P(w, /7.);k 01Z]

Z; Z e Zsg e Zo0c

W, 0 0.04 0.1 0

We find news with title «Yandex company pays fog diata*, which he can be
able to comment as an expert. This news is abeastment of Russian IT giant to an
Israeli startup company. As each other documenthencollection it can be found
probabilities distribution of latent topics z ina@onent. This news goes as an input to
the Matcher component where it converts to the adiby distribution over latent
topics (4) using the pre-built LDA model. The numbétopics we set equal to 200.
Table.2. Example of probabilities distribution afpics Z in documentsd, —

P(z,/d,); KOL[K]|.

Z; Z e Zsg e Zo0c

do 0 0.21 0.058 0.034

16 http://elibrary.ru
17 http://nnov.hse.ru/en/
18 http://www.kommersant.ru/doc/2469831

51



2" International Workshop on Ontologies and InformatBystems

Next, using formula (10) the algorithm chooses eeategoriesc from scientific
classification taxonomy and find¥d,/C). Top 5 of experts who has maximum

P(d,/C) is shown in the system. A result is presenteddn &

EXPERTIZE Pesynbrartbl NoMcKa 3KCnepTos

Komnanusa Axaekc sannatur sal

3UKTOpOBMYY
ro MeHeKMeHTa

Cuopos Amutp
Kadeapa seruy

£

1 1 SKOHOMETPUKUA

CapuerKo AHapeil Bnagummposuy
Katbeapa uHHOPMaLIMOHHBIX CUCTEM 1 TEXHONOTHIA

EE5
Fig. 3. Graphical user interface of the EXPERTIZ&tem.

As soon as our target expert Sidorov Dmitry V.lissented in the output we mark
this trial as a successful one. From 100 trialgete43 successful matches.
Table 3. Experimental results with different modebntology matching.

Document-based 0.31
Candidate-based 0.22
Topic-based 0.43

We choose the Topic-base approach because in cizmparith other approaches
(Document-based and Candidate-based) this onelgebest results.

6 Conclusion

In this article we presented a new approach to aupppid exchange of knowledge
in innovation clusters based on reactive expendirig. The proposed method of
expert finding uses open Internet resources andtiegi ontological services like
InfoPort [6] to get access to the approved skifllpaiential experts.

During our research we developed a new formal methased on Latent Dirichlet
allocation, which includes a software-based sotufior matching between relevant
university experts and actual information evenisirzg in the open environment of the
economical cluster. This solution allows performingal-time matching between
Internet news and areas of interest of universitypleyees with further quick
notification about possible participation of relavaemployees in interviews,
informational programs and discussions. In the psep solution we made several
contributions to the advances of knowledge proogssncluding: new modifications

52



2" International Workshop on Ontologies and InformatBystems

of topic modeling method suitable for applicatioreixpert finding tasks, integration of
new algorithms and existing ontology services tovgfeasibility of the solution

A software design of decision support system EXPERTwas developed for
practical application of the method proposed. Tit& fise cases of the EXPERTIZE
system show their relevance and ability to soheetdsk specified.

Using topic-based model proposed by Momtazi and naun [16] we have
achieved about 0.43 amount of mean average prac{§8i@\P) on our own queries.
The same approach on TREC 2005 and 2006 queriesssh248 and 0.471 amount
of MAP respectively [16]. So, precision of EXPERHBZ&ystem is not much less than
achieved on TREC 2006. The estimation of recall fingtasure in our EXPERTIZE
system less interesting because in general usesndoeeed a full set of various
experts. One or two most relative experts usuatiyugh for facilitating knowledge
exchange.

As soon as we perform expert matching with scientftegories we can apply
cross-language expertise retrieval by applying inlattguage scientific ontology. It
would be our prospective work.
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Enhancing Alignment Results in Ontology Matching fo
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Abstract. In this paper we propose the use obatology matchinglgorithm to
guarantee the interoperability of the differentratgehat integrate an smart city.
In this sort of environment the different partieed to cooperate and to integrate
their information in order to provide enhanced &@y to the users of the smart
city. As the information of these parties may beatlibed by means of different
and heterogeneous ontologies, we find the soluiiorthe use of ontology
matching techniques. The algorithm presented wagaded to be able to exploit
the knowledge of previous matched agents to enhidweceesults and provide the
most accurate results possible.

Keywords: internet of things, smatrt cities, ontglogntology matching,
alignment reuse

1 Introduction

In the last years there has been a remarkableaser® the amount of projects and
initiatives related tdnternet of Thing$1l] andSmart Citieg2]. The Internet of Things
is the evolution of the information and communieatitechnologies (ICT), that is
taking us from having connectivity at anytime ant/@ace to also having it with
anything. This situation is reflected by the grogviamount of different devices with
connecting capabilities, such as RFID tags, NFGa#sy sensors, actuators, etc. Such
devices are the building blocks of the smart cities

The idea behind integrating these devices in aisitp turn it into a smart one, so
citizen’s lives can be improved with new types efvices and comfort. These services
can be related to almost every aspect of citydife infrastructure, water and energy
supply, transportation, healthcare, education, 8], and precisely the cities are
looking at ICT to offer services to citizens whiteducing costs and improving
efficiencies.

To turn a city into a smart one, the first taskadress is to develop a rich
environment of networks that support digital apgiicns [2]. This task involves,
firstly deploying the proper infrastructure whicahciudes different types of sensors,
smart devices and actuators, together with the ahchetworks that allow the
communication of these. However, the devices byneves are not enough and it is
necessary to develop applications that exploitemetworks of devices.
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Hence, in a smart city, smart devices, Sensor N&sSNs) [23] and applications
to exploit them, assume a crucial role. These udmrsors and sensor networks are
generally spread over a wide area and continuausigsuring different variables. The
data collected is processed by the different appiias which may trigger an action in
some actuator or the response to a user’s request.

It is highly likely that the deployment of a smaitty is not done all at once but in a
series of steps, so it is equally likely that di#fiet parts of the smart city are developed
by different parties, resulting in the coexistenmk different public and private
deployments, each one of which possibly using difie smart devices and also their
own hardware and software architectures. It is s&a® to guarantee the success of a
smart city to put a special interest in allowingttthese different deployments will be
able to interact and seamlessly communicate with esher and, that the information
gathered by the different devices will be propeanrtegrated and shared among the
different systems [26].

This problem is not new to the research community several alternatives have
been already proposed [26][25][11]. These approaghepose using a wrap for the
different sensors, or compel the use of some stdnda protocol to allow the
communication between parties with different knalge representations. Other
efforts include the use of ontologies to semariicdkscribe services and devices
available [3]. The work that we have developedidine with the latest but what we
propose exploits ontologies differently.

Our proposal includes the usearftology matchindechniques [4] to guarantee the
connectivity among the different parties in a snaétt.

The remaining of the paper is organized as folldwssection 2, we delve into the
use of ontology matching in smart cities and prewite foundations that supported the
development of our system. In section 3, a desonpf our solution is provided and
discussed. Finally in section 4, the main conchisiand future lines of work are
summarized.

2 Ontology Matching in Smart Cities

A smart city may be seen as a distributed systeereveeveral agents on behalf of
their users collect data from the environment bhggidifferent sensors. The concept of
user here should be globally understood, as the afsen agent may be a citizen, a
smart device, an application, another agent, die.Use of ontologies in smart cities is
not new as there is for instance tBE€RIBEontology [24] [5] designed out of the
information gathered from different cities or th@éFI1A? platform [6]. Ontologies help
in providing a vocabulary to describe a certain domand the specification of the
meaning of the terms in that vocabulary [4], in concrete case, ontologies help in
defining the different events, entities and serviae a smart city. Besides, they are
particularly suitable for describing the meaningtleé concepts in a communication
process between the agents in a Multi-agent Sy§MAS) [7] and hence they are
used as a way of reducing the semantic gap amendiffierent interacting parties.
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Fig. 1. Fig. 2. Classification of matching techniques

However, there are several reasons why ontologighdmselves are not enough to

guarantee the interoperability of the differentraigeFor instance, the agents may use
different ontologies to represent the informatioathgred from the sensors, the
software applications in the smart city may be tgwed by different providers that
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represent their internal knowledge using differentologies, there may be agents or
applications included in the smart city in a lattrge or even itinerant agents that only
need a concrete service at a certain time. In daactually reduce the heterogeneity
in the definitions and allow a seamless commurocatif the parties, we relied on
ontology matching techniquégg.

These techniques allow the identification @fgnmentsfor pairs of ontologies
where an alignment identifies the set of correspords holding between the entities
belonging to the ontologies [9]. Apart from the mah identification of
correspondences fulfilled by human experts which @en practically dismissed due
to its cost, there are automatic and semi-autonmagithods to compute the alignment
between the ontologies which exploit different twas of the ontologies or use
external resources to identify the possible cowadpnces between the concepts.

Different classifications have been made for thechiag techniques although for
the scope of this paper, we followed the one thetelBat and Shvaiko propose in [4].
This classification, as shown in figuré®1can be read both top-down, then stressing
the interpretation that the different techniquesvpte for the input information, and
also bottom-up, focussing on the type of input ttie matching techniques use.
Regardless of the direction of the reading, thethboeet at theoncrete techniques
layer.

In the following section, while describing our st to the ontology matching
problem in smart cities, we briefly describe th#edent techniques that we have used
linking them to this classification.

3  Solution Description

In this section we briefly describe our algorithor bntology matching in smart
cities and how we have enhanced its results byvatlg analignment reusq12]
approach.

It takes as input two OWL [18] ontologies and rel@n the exploitation of some
initial correspondences which we namadding pointsand which are similar to the
anchorsinitially used by systems such hegMap [13], Anchor-Flood[14], Anchor-
Prompt[15] or ASCO[16], although the procedure followed to compute binding
points is remarkably different to the one usedhtam the anchors in each one of these
systems.

These initial correspondences are obtained by usome language-basedand
terminological techniquedThe language-based techniques consider namesrds i
a natural language and exploit their morpholodieatures. Some of the methods used,
as part of the pre-processing of the strings,takenisation that consists of splitting
words into shorter sequences by means of a sepgiatmks, punctuation marks,
camel-case changes, etc) atdpword eliminationthat consists of removing words
such as articles, prepositions, etc.

On the other hand, the terminological techniqueassicter their inputs just as strings
and apply string-distance measures to asses tliardiynbetween two entities. In our
case we have usethro-Winkler distancd10] andLevenshtein distanci0] on the

19 Extracted from the book Ontology Matching [4]
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pre-processed strings. The results of these distaae weighted in order to obtain an
only lexical value for each pair of entities in tbetologies to match. To weight the
results of these measures, another similarity wiégtdés used, in this case, it is based on
the exploitation ofMWordNet[17] as a external resource. This is also a lagetmased
technique that takes advantage of the definitionwiged by this lexical database to
evaluate the distance between two terms.

Once the similarity between the terms in the omjigle has been determined, only
those pairs with the highest value are selectdgtéome thénitial binding points

These initial correspondences sequentially undesgperal procedures that take
advantage of sorm&ructural features of the ontologies and that allow thealiecy of
new binding points. These binding points can idgntoth pairs of classes or
properties. Each one of the newly discovered bmdinints is assigned a tag that
identifies the procedure and branch within it tleatt to its discovery. If a binding point
is reached by several procedures, all the tagseaoeded.

1. Properties Inverse Procedurethis procedure retrieves new correspondences
between properties by exploiting the existenceneéise properties defined with the
constructowl:inverseOf

2. Properties Domain Range Proceduthis procedure obtains new correspondences
between classes by comparing the domains and rarfighe initial properties. Not
only the first-level domain and range classes araluated but the procedure
continues until reaching the higher levels of thexdrchy.

3. Classes Properties Proceduréhis procedure allows the retrieval of both new
correspondences between classes and properties. roicedure recursively
identifies the similar properties existing among titass correspondences, and then
assesses the existence of other classes belormitige tdomain or range of this
properties that could be a new correspondence.

4. Classes Family Procedurehis procedure retrieves new correspondences batwe
classes. It exploits the familiar relations of ttlasses. For each pair of them, its
superclasses, subclasses, and sibling classegadwated to determine the existence
of new possible matches.

These procedures are iteratively applied until n®w ncorrespondences are
discovered. Once these procedures have finishethallcorrespondences that have
been discovered are filtered to produce the fingppat of the algorithm. To do so, the
tagging is very important as it allows the idewttion of the different procedures and
sub-procedures. It is based on the idea that tiiereit procedures exploit different
structural features of the ontologies and hencdikieéihood that the obtained results
are good is not the same for all of them.

To evaluate the performance of the algorithm werided to use ontologies from
the smart city domain. However, the amount of amgis in this area proved not to be
enough to allow an accurate evaluation. Hence we hised the testbed provided by
the Ontology Alignment Evaluation Initiative 20139] (OAEI-13) which provides
different series of tests to evaluate the perfomaanf a matching algorithm. This is
usually done by using the standard informationieel metrics ofprecision recall
andf-measurg4].
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— Precision: measures the ratio of correct correspondencestbgdotal number of
returned ones. It reflects the degreeafrectnes®f an algorithm.

#true_positives

precision =

1)

— Recall: measures the ratio of correct correspondences thernumber of
expected ones. It reflects, the degreearfipletenessf an algorithm.

#correspondences_found

recall =

(2)

— F-measureis a measure introduced to compare the systenmsjugt one value
since it is highly likely that the system with agher recall may have a lower
precision and vice versa.

#true_positives

#existing_correspondences

precisionsrecall
measure = — 3)
(1-a)*precision+ a*recall

These measures were used to evaluate the perfoenodiecir algorithm. Among the
range of tests at the OAEI-13 we have tested ogordhm with several of them,
although for the scope of this paper we will beufsging on theonferencdrack which
aims at finding alignments within a collection ofitologies from the domain of
conference organization. The results obtained byatgorithm for each pair of input
ontologies are compared with a reference alignmaéstt obtained from the OAEI-13
website. In table 1 we include the average resiitained for this task.

Table 3. Average values obtained in the conference track

Precision Recall F-measure
0.86 0.57 0.67

In the smart cities domain, there is a series ¢dlogies that describe the resources
and services that are available for the agentanlagent needs a certain resource or
service, it will need to match its ontology to thppropriate one in the smart city.
Depending on where the service or resource is gedlahe agent may need to match
its ontology to a part of the ontology that desesilthe smart city itself, usually when
the agent needs access to a resource, or to aragibet’'s ontology, usually when the
agent needs a service that is offered by the ather This situation is depicted in
figure 2. In any case, this process will outputalignment between both ontologies. If
several agents need to access the same resolgervioe, the process will be repeated
several times.

Our intuition is that if a new agent arrives in tmart city and is willing to use a
service or resource, the alignments previouslyinbthfrom other agents may help in
tuning the alignment process for this new agent tedefore they may be used to
enhance the results produced by the algorithm.

This led us to delving intalignment reuse techniqu¢®0] which in spite of not
being a particularly used matching technique [@jvas precisely the one that better
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met the our requirements. This technique is grodratethe idea that when describing
an application domain the ontologies to be matcéuwed similar to already matched
ones and hence this knowledge may be reused. @e&s Wwas implemented in the
COMA [21] andCOMA++[22] systems which are two of the most well-knowres
and that have been continuously evolving sig682 to include new matchers and
features.

Smart City |

Fig. 2. Fig. 3. Smart City

To asses the viability of integrating alignment seuas part of the ontology
matching proposal for smart cities, we have used dhtologies of the conference
track. The procedure followed to do so is to faeeldlgorithm with some intermediate
alignments that are then used to identify bindimin{s between the ontologies to
match.

Consider the following example, let us suppose thare are three different
ontologies A, B andC, and that we need to match ontologyo ontologyC. If we also
have available the alignments betwedn and B (Align A_B) and, B and C
(Align_B_C), then it is possible to identify a path that, ngsithese intermediate
alignments, may link entities i to entities inC. We refer to this as r@ng betweerd
and(C throughB, and it is graphically represented in figure 3.

Tables from 2 to 6 show the results of testing #pproach with the ontologies of
the conference track. From the ontologies availailghis track in the following
examples we have used the following on@st, conference, confOf, edas, ekamd
sigkdd

Table 2 shows the results obtained by directly hiatgtheconference ontologto
the confOf ontology These values are included to provide a basetineompare the
results obtained when using rings.
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OntoIOgY A (o o o o o= o= - - p| Ontology C

Align_A_B |

Ontology B

Align_B_C

Fig. 3. Fig. 4.Ring

Table 4. Results obtained without using any ring

conference - confOf
Precision 0.9
Recall 0.6
F-measure 0.72

Tables 3 and 4 show two different sets of resuitaioed when using an additional
ontology as ring. Table 3 contains the set of teswabtained when matching
conferenceto confOf using as additional input the alignments outpbem matching
conferenceto edasand edasto confOf Table 4 presents the set of results obtained
usingekaw As we can observe, in any case, the values @utaane better than those
in table 2. However, the improvement usiedaswas more noticeable in thecall,
while the improvement usingkawwas in theprecision

Table 5. Results obtained usireglasfor the ring

conference - (edas) - confOf
Precision 0.86
Recall 0.80
F-measure 0.83

Table 6. Results obtained usirekawfor the ring

conference - (ekaw) - confOf

Precision 1.00
Recall 0.73
F-measure 0.84

When usingedasfor the ring,10 different paths frontonferenceto confOf were
detected which allowed the identification ®hew correspondences. Usiakaw just
8 different paths were identified which addedhew correspondences that were not
detected when directly running the matching proceés considered then a combined
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approach using botlkedas and ekaw at a time, seeking to obtain results with the
precision enhancement provided blkaw and the recall enhancement provided by
edas The results obtained are shown in table 5.

Using a multiple ring the amount of identified patises tal3. The results obtained
with this approach show that precision is not ahtas when just using the single ring
with ekaw as there is an extra incorrect correspondenceishatided to the final
output. However, for recall and F-measure, the emlobtained are remarkably higher
that those obtained with single rings and when coen to the baseline results we
observe an improvement @0.95% for precision,62.26% for recall and35.48% for
f-measure.

Table 7.Results obtained witadasandekawused at the same time

conference - (edas & ekaw) - confOf

Precision 0.92
Recall 0.86
F-measure 0.89

In spite of being a positive outcome, the resulisywvhen using the alignments
with other ontologies as rings. Table 6 shows #seilts obtained when considering the
alignments withcmt and sigkdd for the rings. The results in this table also sheow
improvement compared to the baseline in tabletBpagh they are not as remarkable
as those in table 5.

Table 8.Results obtained witbmtandsigkddat the same time

conference - (cmt & sigkdd) - confOf
Precision 0.90
Recall 0.66
F-measure 0.76

Other tests run using more alignments showed naawegment compared with
using just two as in the examples presented preljiotiowever the testbed that we
used is not large enough to entirely dismiss thesibility. An issue that we have
identified is that even when using the referenégnatents provided by the OAEI,
which are the golden standard used to comparesthéts of any algorithm, there were
some paths that we identified, that led to selgctia binding points pairs of entities
that then were not considered as a valid corregraredin the reference alignment.

4  Conclusions & Future Work

In this paper we have introduced the smart citiemain and underline some
communication and interaction problems that ardllitjikely to show up in this kind
of development. We have also described the foumdatdf theontology matching
based approach that we propose to tackle suchgmmsbin the smart cities, and the
ontology matching algorithm that we have definedatlnlress this problem. We have
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described the measures of precision, recall anddsure used to evaluate this type of
algorithm, and the results obtained when doing so.

We have then looked at some alternatives to rdfirealignments obtained by our
algorithm and therefore improve such results. Amthegdifferent techniques we have
focused oralignment reusas it was particularly indicated for scenario® ldurs. We
have used previously existing alignmentings, to identify paths of between the
ontologies to match and therefore enhance thetsesblained. We have tested this
approach using the ontologies available from ¢baference traclof the Ontology
Alignment Evaluation Initiative 2013. And we haverified the viability and validity
of the approach.

In spite of these good results that account fowthbility of our approach, there are
some issues that need to be addressed in ordédataon dhe best results possible and
hence to improve the usability of the smart citifsere is, for instance, the need to test
our proposal using ontologies taken from the remahain where it will be deployed,
the smart cities. Additionally, as we introducedsattion 3, there seems to be a direct
relation between the rings chosen and the goodifets®e results obtained, so we aim
at focusing on determining the features that makima better than other. It is also
necessary to explore techniques that will allow #ignment reuse in the real
environment, so we are turning to some techniquef ssalignment storing and
sharingandalignment annotation
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Abstract. The emergence of service analysis, design, aothies and solutions
presented in service marketing and software engimgpéterature has created a
need for understanding the nature of services.i@enare often considered as
possessing characteristics that are assumed tospeséic problems for service
providers as opposed to providers of goods. Thipeparesents an ontological
interpretation of the concept of service using aegal and upper level ontology
with a strong base in natural sciences. The Basim&laOntology (BFO) is used
to interpret the concept of service, as definedhim Service Dominant Logic
approach. The interpretation is demonstrated in amalysis of service
characteristics, in relation to goods. The ontalaband reductionist approach
opens up to a formulation and analysis of servicesocial and economical
phenomenon, in terms of general natural sciencentwd concepts. The
ontological grounding provides a language that eugpalignment of specific
service definitions used in different subject fieldas well as alignment with
adjacent concepts such as capability. The intexfioet and analysis support the
conclusions that studied characteristics are reket@a the concept of service,
although they cannot be considered as determirremacteristics of service, and
from a practical point of view they contribute galty to observed concerns and
problems.

Keywords: Service, Ontology, Basic Formal Ontology, Servicenimnt
Logic.

1 Introduction

This paper revisits the concept sérviceand explores a novel kind of ontological
interpretation that enables a reductionist analysfisthe nature of services, its
similarities with and differences from goods.

The distinction between, and duality of goods agwtises have been a vibrant topic
of economical, market, and software engineeringaeh and practices. The word
'service' has been part of natural language siBtle dentury and subsequently carries
substantial common sense meaning. The topics oficesr and goods have been
discussed amongst economists [1], such as by Adaith $h his book, The Wealth of
Nations, from 1776, and the discussions continues ¢éoday.

The search for defining and distinguishing chanasties of service have constituted
a key research topic, however practitioners [2] amdearchers [3],[4] find that
characteristics such as intangibility, inseparahilheterogeneity, perishability does
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not constitute major service problems and are mtérchining criterion of services.
The on-going debate illustrate that a deeper utaleding of the concept of service is
needed.

This paper address the question if it is possilde cteate a formulation,
interpretation, of the concept of service, usirfggher level ontology, that can be used
to explain the differences in argumentation retatio service characteristics, relations
between services and goods, and practical consegsi®f servicing.

This question is part of a design science inquitg the requirements that influence
the design of a knowledge organisation construbilit% Perspective, an (Enterprise)
Architecture Viewpoint [5]. In the design of an iy Perspective it is important that
knowledge about capabilities [6], and abilities algned with related, adjacent
concepts such as service since service is sometioesidered as a mechanism to
enable access to a set of one or more capab[ifjeBurthermore, the use of an upper-
level ontology provides an ontological groundingaaguage, that support alignment
of specific service definitions used in differentbfect fields, e.g. organisational
design, marketing and information technology (IT).

The aim of this paper is to present of an ontolalgicterpretation of the concept of
service in terms of general concepts. The uppeti@ntology - Basic Formal
Ontology (BFO) [8] - is used to interpret 'servies' defined by Vargo and Lusch in
their Service Dominant Logic (S-D Logic) work [90]1 The interpretation is explored
and demonstrated in an analysis of service charstite and relations to goods. For
brevity, this paper covers an analysis of the fesdly cited characteristics;
intangibility, inseparability, heterogeneity, anerighability.

The main contributions of this paper are firstlyyavel ontological interpretation of
the concept of service using a upper-level ontoltwat provides a bridge between
natural and social sciences, and offers clarificeti of the constituent parts of the
concept of service. Secondly, conclusions that yaeal service characteristics are
relevant but not determinant, and that practicalplications of the service
characteristics depend on specific kinds of sesvichirdly, the introduction, in
section 3.2, of thélead-to pattern'that provides a novel and flexible approach for
informed reasoning about value creation aldRgsult Laddersup to the Service
Horizon

The paper is structure as follows: In section Datline of the objects of analysis,
services characteristics and aspects, is presehtethe 3rd section, the theoretical
basis is introduced. | section 4 an interpretatibrthe S-D logic service definition
using BFO is presented. The services characteriatie then analysed in section 5. The
paper is concluded with sections with future resleand conclusions.

2 Services characteristics

In this section the service characteristics thatciosen as subject of interpretation and
analysis are presented. They are well known, atehdfited as vital and relevant in
service marketing literature by scholars [2], [M], [3]. These characteristics are
argued to separate services from goods and thatcthestitute major cause for service
concerns and problems that are different from gmodeerns and problems.
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Theintangibility characteristic of service suggests that the pedaoce, application
of competences don't have material qualities amshatabe experienced, seen, heard,
felt, smelled, or tasted. According to Zeithaml E&rvice specific problems include:
services cannot be stored, services cannot becpribteugh patents, cannot readily
display or communicate services, and prices afedlifto set.

The inseparable characteristic suggests that both a producer amdumner that
must be both present at the time of performancehef service; i.e. a service is
produced, delivered and consumed simultaneoustycantralised mass production of
services is difficult [2].

The heterogeneity (inconsistency, variability) characteristic rektgo the
variability, inconsistency, of a service performand service may be rendered
differently over time and space, and some qualitiay vary across service producers,
e.g. a person could by tired one day and well deateother day, standardisation and
quality control are difficult to achieve [2].

The perishability (inventory) characteristic relates to that a smryia performance
of services, or application of competences, carbwtstored for future reference,
delivery, or use [2].

3 Theoretical basis

The theoretical basis consists of three parts;stiigect of interpretation: a service
definition from Service Dominant Logic, an uppekdé ontology - Basic Formal
Ontology, and additional analytical tools.

For clarity the names, designations of previoudfiritd concepts are prefixed with
an abbreviation indicating the ontological domahleyt belong to: sdl: Service
Dominant Logic, bfo: Basic Formal Ontology, ext: dytical tools, extensions.

1.1 Services according to Service Dominant (S-D Logic)

As the subject of interpretation and analysis thevise definition from Service
Dominant Logic by Stephen L. Vargo and Robert Fsdtu[9] is selected because it is
well known, contemporary, and consists of relativdew parts, thus making
interpretation, reduction, reformulation and anislysasible.

The Service Dominant Logic is an approach, persgecitmind-set, and theory
about the nature ddervice in relation to goods, within the realm of marketiand
economic exchange. S-D Logic offers an alternativethe prevailing dominating
goods perspective. Instead of focusing on the engdh@f goods the focus should shift
to a focus to the value that various activitiestarial and immaterial entities provide,
i.e. to the service they provide.

In S-D Logic, service is defined as the processusing one’'s competences
(knowledge and skills) through deeds, processesparnidrmances for the benefit of
another part.

Alternatively a service focus may be formulatedeirms ofoperantsthat operate on
operandggoods, material and immaterial entities, and oflegvices).
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3.1 Basic Formal Ontology (BFO)

The Basic Formal Ontology is an upper-level ontgltigat supports the creation of
lower-level domain specific ontologies.

The BFO project [8] started in 2002 with initiakthretical contributions from Barry
Smith and Pierre Grenon. The aim of BFO is to pfeva genuine upper ontology that
specifically can be extended by domain ontologiegetbped for scientific research,
such as for biomedicine. BFO is based on the piacdf ontological realism [11],
where ontologies are viewed as representationhiefréality that are described by
science.

Key elements of BFO are the support for formal i¢a) reasoning enabled by its
definition and the inclusion of common formal thesrsuch as mereotopology and
qualitative spatial reasoning. As part of the dfftor formalize BFO, the BFO is
defined using OWL and in first order logic usingetlCLIF (Common Logic
Interchange Format) from 1SO.

With respect to other public domain ontologies D®,GUMO and CYC, BFO
aims at, and provides a smaller core that is exfeledand adaptable to specific
domains [11], thus making it suitable for creataira service specific extension. BFO
shares some philosophical basis with DOLCE and SUBW@h as the inclusion of
‘universals' and ‘particulars’ as well as the decwme of a dichotomy between
‘continuants' (‘endurant’) and 'occurrents’ ('prenak).

> Entity <

> W

Generically
Dependent Continuant

s LY L)
Immaterial Entity ‘ Quality ‘ ‘ Realizable Entity i ‘ Process Profile )
A AN

‘ Role HDispositionb

‘ Independent Continuant ‘

Material Entity

‘ Process '

Specifically
Dependent Continuant

j

Function

Fig. 4. lllustration of key concepts from the BFO Ontolpggrsion 2012 July

Table 9. Description of BFO concepts used in therpretation

BFO Description

Entity An entity is anything that exists, or hasstad, or will exist

Continuant An entity that persists, endures, or continues x@stethrough time while
maintaining its identity. (‘endurant’)

Occurrent | An entity that unfolds itself in time, ibis the instantaneous boundary of such an
entity (for example a beginning or an ending),tas ia temporal or spatiotemporal
region, which such an entity occupies. (‘perduyant'

Material |Has some portion of matter as proper or impropetticoant part. ‘Portion df
Entity matter’ is intended to encompass both mass andygnEvery material entity at
any given time is localized in space at that tiam& can move in space. Material
entities are three-dimensional spatial entitiesc@srasted with the processeg in
which they participate, which are four-dimensioaatities.
Example: a human, an aggregate of humans.

Object A material entity, which manifestausal unityvia physical covering (organism

1
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cells), or internal physical forces (portions ofidanatter such as rocks and lumps
of iron), or engineered assembly of components ifeeged artifacts such as
watches and cars). Objects can be joined to othjcts and may include other
objects as parts. Examples: cell, organism, gragand.

Immaterial| Have no material entities as parts.
Entity Examples: surface, line, point

Process Has temporal proper parts and for some tiirfe s-depends-on some matefial
entity at t. has-participantis an instance-level relation between a process, a
continuant, and a temporal region at which theiooant participates in some way

in the process. A process do not change, it ishiamge itself.
Examples: the life of an organism, a process @fsigy.

Process |A process that represents a selective cognitionalostraction of mutually
Profile dependent sub processes.
Examples: a pair of rumba dancers is moving togetheoss the dance floor form
a mutually dependent process pair, the processngddrature changes in John

3.2 Analytical tools

For the purpose of analytical convenience we intoed 6 supporting concepts:
Performer, Servicing, Result, Lead-to pattern, Resadder and Result Horizon.

A Performer is abfo:Material Entitythat can change the world. Tagt:Performer
concept facilitates an understanding of questioelating to interrogative 'who', ‘who
is doing what' andsdl:Operants Examples include; Natural performers (organisms,
humans,...), Man Made (machine, information systeémSocial (person, organisation
unit, enterprise, ...), and Roles (actor, workey, .

The word "service" is often used as a sign for lbéhact of ‘applying competences
and the resulting value, benefit part of (a) sa{s}. Servicing is abfo:Processthat
specifically corresponds to the act of applying petances.

The following Lead to pattern Result Ladder,and Result Horizonconcepts
provides the primary vehicles for reasoning aboandfers of benefits from providers
to beneficiaries.

The general three-pdtead to pattern is a pattern whersome source entities lead
to some result entitieg6]. This pattern is pervasive in science, theortwd
frameworks, e.g. causality - effect from cause, mseto some ends, marketing -
attributes lead to consequences that lead to vfl2¢snd templating [13].

[ |
@ | pattern ! N )
) ; R Result Horlzon
/ I \ : source source resuit v
' . lead to lead to
i Entlty Entlty Ent|ty
source[fole determinant[product role |
| Sewicing T T
Entity: ] { Entity ] { Entity: ] |nstrumenta| / mediating termlnal

Fig. 5. lllustration of (A) Lead-to pattern, and (B) Redudidder and Result Horizon concepts
« A Source entity participates in a thematic source role, e.g. sowentities are

instrumental in bringing about a result. Examplesterial and immaterial entities,
humans, competence, skills, knowledge, informatiom performers.
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* A Result entity participates in a thematic determinant produce.rdxamples
include; value; benefit; satisfaction of objectiagd entity, quality, functioning that
comes into being, dies, does not come into beind;aastate-of-affair; and a change
or no change; and some act that is completed-dohdeme.

» ThelLead-to entityis an entity that provides a link between the sewand the result,
where results are lead to, brought about, achiesedomplished, realised, made,
generated, etc. Examples of lead-to mechanismsidacla realising process,
mechanism, causality, logical entailment, coungetdal specification, probabilistic
specification, and mathematical formulas.

A Result Ladder is a partially ordered set ekt:Resultsvith ext:Lead-tolinks in-
between, where axt:Resultmay play the role of &xt:Source entityffor following
ext:Lead tolinks. A ext:Result Ladder may include intermegiakt:Lead talinks that
mediatea transfer betweesource entitiesand terminakesult entitiesover time and
space.

In marketing and in services research numerous pbesnof ladders are found, e.g.
Means-End Theory where product attributes (A) leadonsequences in product use
(©), to individuals’ values (V) [14], value theosi¢15] such a Rokeach instrumental
and terminal values, and Cocktons worth maps [t6the analysis no specific value
theory is assumed.

The ext:Result Laddeconcept enable a detailed analysis of a numbédreokfit
related aspects and questions: What is valued,hwhédue is attributed to whom?
Where and when arext:Resultsobserved and measured? How maait:Result
Laddersexist simultaneous (customer, provider, workernerysociety, ...)? Is there a
single terminal end point, or multiple? If so, ddbe value ladder terminate in some
universal value space (“everything”), or at somki@attributed to some single entity
(“the™), or in societal values (“we”), or in expernitial values of (all) sentient beings
(“i"), or in some values that evolve over time?

A Result Horizon specifies the time, space and end result(€xtoResult Ladders
As such it is analogous to an investment horizon.

The extResult Horizorconcept enables a detailed analysis of questindsaapects
that influence design, management and governanceseofices: Where does a
ext:Result Laddeends, or should end? Is it at servicing completiorat the exchange
of service performance for money, or should/musttbrizon be longer? Higher order
values such as dignity, justice or gender equalitgy be assumed to be even
(qualitative) better than money, or emotional value

4 BFO based interpretation of the S-D Logic service
definition
In this section the interpretation of the serviagfimtion using the Basic Formal

Ontology (BFO), is presented. The following S-D kmdefinition constitute the base
for interpretation and subsequent analysis:

"the application of competences for the benefamdther" [10].
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The service definition involves two agentive emstthat play two roles, ttapplyer
(producer, provider) andanother (consumer, beneficiary). From a systems
perspective the two entitles may be consideredaghard or soft) systems [17].

In the following diagram the rectangles represembcepts, the ovals represent
concept relations, and the lines represent arguswdrat concept relation.

<bfo:Quality>

<bfo:Continuant>
competence

<bfo:Continuant> <bfo:Continuant>

<bfo:Continuant> < <ext:Performer> <bfo:Entity> <bfo:Entity>
re! benefit

operates on
participation> Zparticipation> Zparticipation>
applyer source source
[ [ [

. <ext:Servicing>
application of competences

<participation>
lead-to
[

<bfo:Occurrent>

<participation>"<<participation>
result another
[ 1

‘ <bfo:Occurrent> ‘

.. <bfo:Process or bfo:Process Profile>
application of competences for the benefit of another

Fig. 6. lllustration of the BFO based interpretation eb3 ogic service definition
The "application of competencéis interpreted as consisting of five constructs:

1. The applyer entity that is attributed to the ‘application obrepetence for the
benefit of another’, is interpreted generally asf@Continuant For specific kinds
of service a more suitable subtype may be defieegl, a Human being can be
represented astdo:Material Entity

2. An applyerincorporates of at least one entity that parform the "application of
competences”, i.e. change the world and deliveefitsn This entity is interpreted
as aext:Performer, that is competent (have requisite or adequateityabilr
qualities). In many cases tlaplyer and performerare the same entities, e.g. a
human. In other cases they are different, e.g. rganisation consist of persons
performing the servicing.

3. Competencesare for the purpose of brevity interpretedbés Continuantqualities
of aext:Performer.

4. The S-D Logic service definition do not explicitigclude references to entities
other than competences it is however implicitly emstiood in S-D Logic that more
entities can participate in axt:Servicingprocess, such as material and goods.
These additional entities are added to the interpretation as participating
bfo:Continuants

5. The application of competencesoccurrence is interpreted as ext:Servicing
processin which theapplyer participates, together with at least ane:Performer
and possibly one or mot#o:Continuantin source roles.

The 'the benefit of anothet' is interpreted as consisting of three constructs:

1. An another entity that is interpreted ashéo:Continuant.
2. Thebenefit entity is interpreted as dfo:Entityattributed to thenotherentity.
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3. Both another and thebenefit entities participate in aibfo:Occurentwhere the
benefit comes (or not) into being. Thenefitentity participates in eesult roleand
theanotherentity in ananother role

The last part of the definition to interpret is thier" part that links the "application
of competences" with the "benefits of another". Beparation of the two (or more)
agentive entities implies that some form of transferesults, must exist, directly or
through intermediary entities and/or over time andipace. Here thext:Lead to
pattern is applied to represent linking and transfer aspdietweenapplyer and
another The competengxt:Performer and additional entities attributed to tyeplyer
corresponds to entities playing tl®urce role the benefits attributed toanother
corresponds toesult role entitiesand the overalapplication of competences for the
benefit of anotheprocess corresponds to tet:Lead topart.

Depending the specific kind service defined or yeed, the overall “application of
competence...bfo:Processcan be represented as one ldifieProcessor as a group
of smallerbfo:Processesor as abfo:Process Profilan alignment with soft systems
thinking [17].

For a specific kind of service it is possible tosier both thepplyerandanother
as causally unitetbfo:Objectsand then associate kdo:Processwith each, possibly
together withintermediarybfo:Occurrentsor bfo:Processesshat mediate the transfer
of benefits. This kind of separation opens upetd:Result Laddemland ext:Result
Horizonreasoning.

A Service horizonis defined as &xt:Result Horizorthat determines the scope of
service benefitext:Result Ladder(sho consider. It should be noted that Hyplyer
andanotherentities may value intermediary results and teainenefits differently.

The Triple-O service constructsdl:Operantis interpreted as ext:Performer,and
sdl:Operantas additionabfo:Continuantsarticipating in éfo:Occurent

5 Analysis of a interpreted service definition

This section presents an analysis of service ctexatics based on the Basic Formal
Ontology based interpretation of service as define8-D Logic. The analysis focuses
on exploring the following questions: Is the chaeaistic relevant to the definition of
the concept of service? Is the characteriddétermining/distinguishing service from
goods? Does the characteristic imparetctical considerations?

5.1 Intangibility
In the service interpretation three sourcemtzngibility are identified:
» bfo:Occurrent the occurrence of “application of competencesg, hair cutting.

» participating source intangiblffo:Immaterial Entitiese.g. hair style.
» resulting benefibfo:Entity at the end of &ervice Horizone.g. customer value.
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In the service interpretatiofangiblephenomenons are identified:

» ext:Performerssdl.operantse.g. hairdresser and customer.
» bfo:Material entitiessdl:operandse.g. chemicals, pair of scissors and hair.

What could be argued is that goods, in an oppasitese, can be seen and tasted,
e.g. a cake, hair cut. However some goods aregiiiln e.g. hairstyle, news, patents
and intellectual properties.

The relevance of tangibility depends on one or mBesvice horizonse.g. an
intangible hairstyle, lead to a tangible hair oubich leads to emotional intangible
values at a later dinner. One argument for intdliyiis that all Service horizons
finally end up in sentient beings or humans witlsufeng intangible terminal
emotional values. This argument is problematicmfr@ practical point of view, since
service agreements often are specified in ternshofterService horizonand tangible
results, such a cut hair or other functional qieitFurthermore the actuakt:Result
Laddersand Service horizongelevant to the provider, and beneficiary are émagal
different.

From a practical point of view, the qualities ofsarvice depend on the mix of
participating tangiblédfo:Performersandbfo:Continuants (material or immaterial).

Goods produced in manufacturing processes canegveedi as the sum of processing
steps, or a historical embodimenteodt:Servicing[18]. The last production steps can
be viewed as embedded services performed by th@isupn behalf of the consumer.

Based of the analysis | find that intangibilityaiselevant characteristic of a service,
although not a determinant characteristic. Frommagtital point of view intangibility
is relevant, however a focus on intangibility mayfuscate the relevance of tangible
entities alongext:Result Laddeand at theService horizon.

5.2 Inseparability of production and consumption

In a hairdressing service case, a hairdresggplye) and consumerafiothe) meets,
rendezvous directly in sevetafio:Processeswash hair’, ‘modify hair’, etc. where the
application of competences lead to benefits (cirt) Har the consumer, i.e. a direct
transferext:Lead tomechanisms are present. However benefits may ial&gerat a
later stage, in some other location, possibly dinamer, mediated by the hair and the
mental state of the consumer. Téet:Result Laddefand Service horizonmay be
longer than the time and space where hairdressbrcansumer rendezvous, or the
period ofext:Servicing or the duration of a service agreement.

When buying a tree in order to facilitate cleanfairour children; the transfer (lead-
to) processes between the tree buyer, planter aindef beneficiaries are many and
separated by time and space.

Based on the analysis | find that inseparability i®levant characteristic of service,
although not a determinant characteristic. Fronractal point of view, reasoning
about inseparability could be replaced by reasorabgut ext:Lead toprocesses,
ext:Result LadderandService horizons.
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5.3 Heterogeneity (inconsistency, variability)

Two separate services, applications of competangaies two distincbfo:Processes,
leading to differences in the quality. Three sosrod variability in servicing are
identified in participatindfo:Continuants

» ext:Performer e.g.hairdresser, numerically controlled machooenputer.
» bfo:Material entity e.g. pair of scissors, shampoo.
» bfo:Immaterial entitiese.g. hair style.

In goods production processes the qualities ofiqpating ext:Performershave an
impact on the variability in the qualities of goodsabour intensive production
processes involve variability patterns that diffeom processes executed by high
quality man-made machines, or computers. In cadesevthe supply of goods are
demand driven and engineered-to-order, the praslugtrocess may involve higher
variability due to re-tooling, configuration of nfanes, and human creative activities
that cannot fully benefit from being repeatable atahdardised.

Analogous to production of goods, the sawePerformerandbfo:Material entities
may participate in two differengxt:Servicing processesyhich may lead to lower
expected variability. Variability in service avaiiity may be mitigated by sourcing
and dynamic capacity management of participabfogContinuants

In the case of a custom-made toy making servicepmpany may choose to
manufacture toys with high performance man-madehimas, using steel as material,
or human craftsmen that carves toys out of woodek@ interesting questions arise,
what is more relevant, the variability of serviciogthe variability of the participating
material? Depending on how variability is measuaegdghly variable, man made, old
and ragged, toy made out of wood may be considasetiore (emotionally) valuable
than a durable, hard, cold and low variable stel t

Based on the analysis | find that heterogeneityrislevant characteristic of service,
although not a determinant characteristic. Fromagtiral point of view all sources of
variability should be considered along relevexitResult Ladders

5.4 Perishability (inventory)
In the service interpretation four sources of getislity are identified:

» bfo:Procesq"application of competences"), e.g. cutting difadr,

» ext:Performer e.g. hair dresser that gets older and forgets,

» sourcebfo:Entities e.g. shampoo and pair of scissors that degradgedime.
 resultingbfo:Entity, e.g. emotional values of a haircut that dimiraskr time.

An “application of competencegbfo:Proces} cannot be stored for future ugen
the other handext:Performersand participatindpfo:Material entities(pair of scissors,
rental facilities) can be stored, and they can douised or produced in advanced for
later participation in delivery. Neithext:Performersandbfo:Material entitiesneed to
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be owned or controlled. In a sourcing scenario tlkeap be accessible (in mint
condition) and thus replace inventory.

Goods (interpreted a®fo:Material entities) as well asext:Performers and
bfo:Material entitiesthat participate in manufacturing processes maigip®@ver time;
people and machines get old, material decomposemichls degrade, etc.
bfo:Immaterial entitiessuch as hair styles, songs, digital and reprodeiaibaterial
exist over time without diminished capacity, altgbithey may be forgotten.

Based on the analysis | find that perishability irelevant characteristic of service,
although not a determinant characteristic of serviirom a practical point of view the
temporal and inventory aspects of participatexy:Performers bfo:Material entities
andbfo:lmmaterial entitie@re highly relevant for both services and goods.

6 Future Research

Through a formalization of the service definitiamsing the same first order logic
construct used in the formalisation of BFO, a damspecific service extension to
BFO can be created. Such formalisation providedatfgom for detailed analytical
comparisons between a wider range of service diefivs, service aspects, suchcas
creation of valugand inquiries into larger systems based on seswand goods.

The use of BFO as an ontological grounding (langliagn be used to integrate a
service construct with adjacent constructs suclcagsability. In the paper “What
Capability Is Not” [6] | provide a conceptualisatioof a Capability construct, “a
substantial possibility that source entity(ies)di¢a a result”, based on tlext:Lead to
pattern, that integrates well with presented serinterpretation.

The BFO interpretation together with the Triple-Oncepts (operant, operand,
occurrence) suggests that a simplified, sociallgraed, definition of service may be
possible, e.g. “use of effort (energy, materiadidimg to a result of another”.

7 Conclusions

In this paper, | have revisits the concept of senand presented an interpretation of
the concept of service as defined by the ServicemiDant Logic framework, using a
higher level ontology - Basic Formal Ontology. Thee of BFO enables an inter-
theoretical reduction and a bridge between sodidlreatural sciences.

Based on the interpretation and analysis | argae the use of BFO provides
clarifications, of the constituent parts of the cept of service (as defined in S-D
Logic), and of similarities and differences betwagmods and services. However the
interpretation and analysis of a single serviceinitedn reduces the possibility for
making more general conclusions.

Furthermore | conclude that the studied charadtesiare relevant to the concept of
service, although they cannot be considered agrdietent characteristics. From a
practical point of view the studied characteristamntribute partially to observed
concerns and problems.
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In order to obtain a complete understanding forthbgervices and goods, it is

necessary to consider the nature of all partigigatbfo:Material Entities
bfo:Immaterial Entitiesandext:Performersalong one or morext:Result Ladderap
to the relevant or desire®kervice horizon

These findings are consistent with studies [2], #medview that a service involves a

service perspectiven value creation rather than a category of masKetings [19].
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