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ONTOLOGIES AND THEIR POTENTIAL FOR KNOWLEDGE
REPRESENTATION LAYER FOR A CBR SYSTEM IN FIRE
SERVICE

Ontologie i mazliwosci ich wykorzystania jako warstwy reprezentacii
wiedzy w systemie CBR dla stray pozarnej

Summary

The foundations for knowledge representation feeliigent systems in the State Fire Service of RIEPSP)

are presented in this paper. Part of the docunientabllected by PSP, particularly that relatedbperational
matters could be collected to form Knowledge Batfiat could be utilised during fire and rescue artjo
trainings, analyses, etc. Unfortunately, therepsablem resulting from the way this data is storéuk collected
documentation is stored in PSP in a way that cabagirocessed by computer systems. Namely, theybizda
created by text processors doesn't contain enouglttsre to be automatically processed. A maingtrea
approach currently is to create ontologies to mdtel knowledge for a given domain. The basics oftwh
ontologies are and how knowledge can be expresgeitidm are then described. The authors searched for
already created ontologies in other countries @deoto reuse them. Only one ontology, named e-Respwas
found in University of Edinburgh, Scotland. Howewis ontology is based on the military ontologndas not
specific enough to cover the required entitiestr@authors decided to create their own ontologlyerathan
reusing the one that was found. It must be noteat,dntologies must always be designed to serpecia goal.
The authors’ research is centered around the CasedBReasoning (CBR) system, which could assist the
officers in charge by quickly finding the descrgts of similar actions from the past. A CBR systaseds to
find similar cases in the database and the ontabgypposed to enhance this process. The arbadwudes that
ontologies sound as a most proper way to addressptbblem of data organisation in most of domains

(including PSP), as they become more and more popnld are actively researched worldwide.
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Streszczenie

Artykut przedstawia podstawy reprezentacji wiedlgyidteligentnych systeméw w Rstwowej Stray Pazarne;j.
Cze$¢ dokumentaciji gromadzonej przez PSP, zwlaszczaztépzanej z dziataniami operacyjnymi mogtaby
stuzy¢ do tworzenia bankéw wiedzy wykorzystywanych ppste podczas akcji, szkalganaliz itp. Istnieje
niestety problem wynikagy ze sposobu przechowywania danych - dame gsomadzone w sposéb
uniemaliwiajacy ich przetwarzanie przez systemy komputerowe.

Problemem wynika z braku odpowiedniej struktury wnabnych dokumentach tworzonych za pomoc
procesoréw tekstu. Najpopularniejszym obecnie pogEn do rozwizania powyszego problemu jest
tworzenie ontologii dla modelowanej dziedziny. Wtykule opisano podstawy ontologii oraz siwosci
wyrazania za jej pomagcwiedzy. Autorzy rozpocdi badanie od przegtiu literaturyswiatowej w poszukiwaniu
ontologii w dziedzinie pzarnictwa. W ramach przeglu znaleziono tylko jedn ontologe (nazwam e-
Response) na Uniwersytecie w Edynburgu w Szkodjazalo st jednak,ze ta ontologia bazuje na specyfikaciji
wojskowej i nie zawiera wymaganych (w dziedziniedelowania akcji ratowniczych) obiektow. W zzku

z tym podgto decyz¢ o utworzeniu nowej ontologii. Natg zaznacz§, ze przy tworzeniu ontologii natg
okresli¢ cel jakiemu ma ona sty¢. Prace prowadzone przez autoréw konceatsigi wokét wnioskowania na
podstawie przypadkéw (CBR) celem wspomagania dodwdw czasie prowadzonych dziataatowniczych.
System CBR opieraghna wyszukiwaniu podobnych przypadkéw w bazie dariyantologia mogtaby ulepszy
ten proces. W podsumowaniu artykutu stwierdzorm,ontologie s whasciwym mechanizmem organizaciji
danych w wielu dziedzinach (w tym w PSP) co znadujtwierdzenie w ich rogoej popularnéci oraz liczbie

prowadzonych nad nimi bafla

1 Introduction

There is various documentation created for the :eddthe State Fire Service of
Poland (PSP) Part of this documentation, particularly thatatetl to operational matters
could be collected to form Knowledge Banks thatlddee utilised during fire and rescue
actions, trainings, analyses, etc. Unfortunatélgre is a problem resulting from the way this
data is stored - the collected documentation isedton PSP in a way that cannot be processed
by computer systems. This article outlines disathges in current documentation storage
policy as well as proposals for their improvemenisgibly triggered by the use of an
ontology The first part of this paper reveals the problemdocumenting fire&rescue
operations. Next an ontology approach to organizliata is introduced and an existing

fire&rescue ontology is validated against its appiateness for the PSP documentation.
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2 The problem of documenting actions analyses

A regulation exists in PSP, which orders that asedybe conducted from incidents as
defined in the regulationl]. All significant or otherwise interesting incidsrshould undergo
analysis. These analyses are conducted in conformith the template found in the

attachment to the regulation and concerns theviiig issues 1:

Elementary data;

Description of engaged fire and rescue operations;
Operational protection of the factory, plant, iresid area, etc.;
Preventional protection of the factory, plant, demt area, etc.;
General information;

Conclusions;

Directory of manpower and resources;

© N o 0o A W Db PRE

An outline of the situation.

Analyses are created in a text editor, such as M8\W0od, in this form, are sent and
registered in the system. Registration is focusethe data input process rather, (data entry,
registrar, the object of the analysis, the actaahtfion of the file/documentation) than on the
analysis content. This results in a limited abitibysearch out analyses, even on the computer
on which it is installed. The effect is that potahy interested PSP units can't access the
analyses.

The problem of analyses accessibility concerns diganization of databases and is the
subject of independent research undertakir®sThe research mentioned above deals with
access to the data files and does not cover thieaah&tf organizing data in the file itself. The
scope of that research is limited to working witletazdata on the content of documents
stored in the system (i.e. keywords) and has lonigbilities to process binary office

documents (MSWord). Data can be organized in the@abdase in the following way:

Keywords: fire, warehouse, paintsnigh, warsaw
The date of the action: 15.07.2005

Analysis commencement: 21.03.2006

File location: /2005/fire/lwarehouse_warsa@05.doc

In the file pointed in the field “File location” M8ord binary data is stored:

73 32 2f 61 63 63 65 6¢C 65 72 61 74 6f 72 2f IXErator/c
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757272 65 6e 74 2e 78 6d 6¢ 03 00 50 4b 07 wrreRK..
00 00 00 00 02 00 00 00 00 00 00 00 50 4b 03......PK..
14 00 00 00 00 00 03 52 51 37 00 00 00 00 00.RQ7......
00 00 00 00 00 00 18 00 00 00 43 6f 6e 66 69....Config
7572 61 74 69 6f 6e 73 32 2f 66 6¢ 6f 61 74 arm?/floate

The binary data above does not contain any streiettiich would allow for automatic
computer processing. Even though all the infornmaéibout the incident is available inside
the file, one cannot ask the question: “What eqeipimvas used in the action?” Defining a
data structure acceptable and apparent for the etmmgould introduce new possibilities for
the processing of analyses:

» the data could form the basis for decision supgpystems, e.gCase-Based

Reasoning (CBRyystem proposed agf
» the possibility of extracting more information abawgiven action by asking queries;
» the possibility of carrying out analyses on theegiget of analyses;

» the possibility of action visualisation;
» other.

The switch to another form of storing the datasisemtial to provide the computer with the
data in a processable form. This goal can be aeliby organizing prose in a structured way

by the use of an ontology][

3 Modeling knowledge with an ontology

The term “ontology” comes from the field of philggty that is concerned with the
study of being or existence. In computer and infatan science, ontology is a technical term
denoting an artifact that is designed for a purpogkich is to enable the modeling of
knowledge about some domain, real or imagingjd According to Gruber an ontology is a
specification of a conceptualizatio®].[ "Conceptualization” refers to an abstract, sirfingd
idea of a domain that is to be modeled.

There are significant advantages that ontologiesvige. Based on underlaying
ontology for a given domain, intelligent systemsa && built which can deliberatively reason
about the domain. The knowledge can be capturad imnambiguous way, which results in a
commonly agreed upon understanding of a domainsdtarlvantages are assured by the
underlaying logical layer of the ontologies, usyath the form of a first order logic or
description logic, where the content is expressgdifary and binary predicates - named
concepts and relations respectivel]. [There are a variety of languages and editors for
creating ontologies, none of which achieved a posibf a de facto standard, [9].

Even though there exists an array of different appines to how to describe the concepts

in different ontologies, there are features whidhraostly agreed upon:
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* There are objects in the world,

* Objects have properties (attributes) which can hahees,

* There can be relations among objects,

* Properties and relations may expire,

* There are events which occur at particular momientisne,

» There are processes in which objects participadendrich occur over periods of
time,

» The world can be in different states,

* There can be effects - events initiated by othenes;

* Objects can have parts

Ontologies are more than just a taxonomy or a iflesson, even though they are
frequently and improperly misidentified as sud][ Ontologies are always expressed in
some knowledge representation language which alfomdescribing not only a hierarchy of
objects in the given domain, but also their reladioproperties and constraints. The result is
that an ontology allows for defining a set of cgutsein a machine-readable form, which is
considerably more than just a hierarchy of objects.

The ontologies define concepts by using three nianats of qualities (characteristicsl]:
* types (e.g. car),
» properties (e.g. fast),

* relations (e.g. next to)

The objects outlined above are different kinds Wfiversals[12]. Universals are what

particular things can have in common - there camhbny things that, according to the above
list are cars, are fast and stand next to sometHihg short definition is that universals are
things which can have instanceBarticulars on the other hand are the instances of

universals, e.gnycatr.

4 Formal and Foundational Ontology

The process of creation an ontology may be stagitbeér from scratch or, preferably,
by choosing some generalized ontology and devejpginew one by narrowing the abstract
ideas. Such ontologies, which could serve as taegplar building more specific ontologies

are named~oundational Ontologies(or Upper Level Ontologies / Top-Level Ontologies).
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Foundational Ontologies can be eitineaterial or formal. The difference between the two is
that the material ontology tries to capture thdityedy organising it in concrete, material
(physical) objects e.g. animals, buildings, car$ilevthe formal ontology is limited to
concepts that are abstract. A well known represigetaf the material ontology group @&yC
ontology, while the group of formal ontologies mdés BFO, DOLCE, GFO, OCHRE,
SUMO [13].
Although there is no agreed upon strict interpretatthe termformal ontologyis related to
the highest generalization level of such an ontplagd the rigorous description of what
forms things may have (hence the ndorenal [14, 15]. The abstraction of formal ontologies
iIs considered to enhance the process of constguainnew ontology 16]. The next
paragraphs of this section introduce the major eptscof the formal ontologies.
Despite the difference in the terminology amongrfak ontologies there a few terms which
are common:
 Endurant - entities which are permanent and inddgen of time (continuants).
Examples of endurants are material objects dilear as well as abstract objects like
an organization
* Perdurant - entities which happen and only paytiakist in time (occurrences,
processes) - in any snapshot of time, only patth@ferdurant is present, eegting
» Qualities - properties which only exist to describe entities and can’t exist without

them, e.gcolors

5 e-Response ontology

Parallel to the research in general theory of agiels, the authors focused on the
status of the implementations of systems incorptgaknowledge representation for fire
service both in Poland and abroad. A meeting with representative of PSP Headquarters
revealed that there are no technologies based tofogies or similar advanced methods. The
only technologies for representing knowledge in R$® based on traditional relational
databases, which possess well known limitations.

The authors also made a contact with the represergaof the abroad State Fire
Services, searched through scientific papers aedniernet to find existing ontologies for
fire&rescue domain. The only positive answer camemf University of Edinburgh,
Scotland 17]. There is an ontology name@-Responsedeveloped at the above

university [L§].
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The development of the e-Response ontology statied unsuccessful search for already
existing ontologies, which is another reason toumss that it is unlikely that more
fire&rescue ontologies (or valuable ones) do exist.

The roots of the e-Response ontology are in mylitaea - the ontology was imported
from the army and tweaked for the needs of fire&nesservicd.
According to the authors of e-Response, the onyolegs developed for a specific purpose,
(although it is intended to be a general ontologgmely to provide a basis for an emergency
response-themed demonstrator for the Advanced Kedye Technologies (AKT) project in
the UK [19]. This demonstrator loosely combined a numbereplasate Semantic Wel2(]
tools and technologies into a general goals sydterh
e-Response is based on the formal, foundationalagy DOLCE (DescriptiveOntology for
Linguistic and Cognitive Engineeringyvhich aims at capturing the ontological categorie
underlying natural language and human commonsg2fe The fact that e-Response is
based on a foundational ontology causes that weal suited for communication among
agents exchanging the information. Foundationalologies may act as a reference in

heterogeneous environments where meaning acrassisa@omains needs to be negotiated.

6 The basis for Action ontology

The ontology to be created will be temporarily edi\ctionthroughout this paper.

Prior to the ontology engineering it is needed thatapplication for the ontology is precisely
defined. The ontologies for the same domain, like gervice can model very different
aspects of the domain and they may be used fardiif tasks. A different approach is needed
when the main focus is on the cooperation acrossrred domains and another approach
must be taken to operate in one domain only, part@parry out extended inferencing.

There are a lot of research about Decision Suppgstems. The support that such
systems can provide for commanders during fireQresaperations can not be overestimated.
Major problem of such systems is usually the ladk gopod content in knowledge
representation layer. The authors’ intention isous their further research on providing an
ontology-based knowledge representation layer fdeeision Support System, namely CBR.
Light-weight ontologies, as opposed to foundatiooatologies, are another category of
ontologies. They are well suited for specific taskgestricted domains, such as fire service.
Usually they are in the form of taxonomic structuntaining primitives and composite
terms and their definitions and contain simple trefeships. Light-weight ontologies are
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normally used in well-established communities, wehide intended meaning of terms is more
or less already known in advanc2Z]. Another advantages of smaller ontologies aré the
fitness for computationally intensive tasks, suslnaCBR applications.

There is no non-controversial way of dividing therld into concepts. This is
especially true for the very top of any ontologiieTtigurel lists some examples of different
approaches to such a division. The right concejatatédn is the one which, among other
features, limitanultiple inheritance classes which belong to multiple superclass¥3, it is

hardly avoidable in practice, though.

Thing

/ Thi"g\ / \

Individual ; ” -
et Intangible  Represented Living Non-living

Um-thing

Configuration  Element Sequence Concrete Process  Object Abstract

Fig. 1 Example of the most general concepts acrosgéiftdoundational ontologies.
Source: 24/

Ryc. 1.Przyktad najbardziej ogéinych konceptow wykorzyspych w ranych ontologiach
podstawowychZrodto: [24]

On the figure2 an initial idea of conceptualization atctionis introduced. Domain-specific
ontologies can contain categorizations along dimoessthat are usually outside the general
ontology R4] and this is the case in the above propositiore Tierarchy contains little

abstraction which makes it a light-weight, mateoiaiology.
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Action

_—/ N T~

PSP resource Hazard Subject to Abstract

the hazard
Human Fi re L1v1ng T1me & Space
at

Equi pment Local thre: Non living related
False

Fig. 2 The proposition of the top level for Action ordgl.
Source: Author’s work
Ryc. 2 Propozycja najbardziej ogélnych konceptow w argalAction.
Zrédto: Opracowanie whasne

The authors propose a description logic ba€dL-DL language 25|, as the form of

expressing the ontology. Description logic is aetyjh language which allows for knowledge
representation and which can be directly transl&vefirst-order logic. There are reasoners,
such asPellet [26] which can perform inferencing on the data in fben of description

logic. Even though higher order logic allows fompstior expression of the concepts, the
reasoners implementations are focused on firstrtegcription logic, so at the time such
logics are a safer choice. Another advantage obsing OWL-DL language is the support for
this language in Protege ontology edit@7][ which is currently a respected tool for ontology

engineering and which is considered best candidateeate the Action ontology.

7 Conclusions

PSP collects data which may often be valuableth®mre is no automatic way to access
it nor a perspective for computers to autonomopsbcess the data stored in current form.
There is a lot of research being conducted ondpi tof structuring prose-like data, mainly
by the use of ontologies. Ontologies appear asiersal way to conceptualize domains in

computer processable format.

A lot of research is also going on in the field @&cision Support Systems. Such
systems can significantly improve the comfort oinceanding during a fire&rescue action,
which is prone to mistakes due to stress and ldakxperience, by providing the officer in

charge with scenarios on what decisions to takeydinding the reports from similar actions.
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The crucial feature of such systems, one of which CBR, is the knowledge representation

layer. There are various approaches about how péemrent this layer; using an ontology is

an advanced method for achieving this goal.

There are issues which are still opened. This isearly stage of defining the

foundations for the Action ontology, based on tlydfound in scientific papers. No ontology

engineering has been done yet and inferencing lpbsss of engines were not extensively

researched by the authors. This is the scope tioesitfurther research and will be more

precisely defined as the research progresses.
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