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1 Introduction

The aim of this thesis is to describe how ontologies can be ds® create better image
annotation and retrieval systems. In a nutshell, ontologee are used to overcome the
problems that evolve from traditional text-based informaion retrieval when it is applied
to images.

Text-based information retrieval is lexically motivated ather than conceptually moti-
vated, which leads to irrelevant search results in informain retrieval. Lexically moti-

vated means that text-based retrieval operates on the worével, and not on the level
of the meaning of words. The very idea of ontologies is that &y are conceptually mo-
tivated, i.e., can be used to express the intended meaningtbfngs, and not just words
as textual strings.

The common techniques that are developed for document regval in general may be
applied to metadata-based image retrieval without modi céion, and also the techniques
and methods represented in this thesis in the scope of imagdrieval can be applied to
document retrieval in general. Hence, the majority of the nikods represented in this
thesis can be applied to all information retrieval.

In this thesis, a domain model is built using a formal ontologlanguage, and the model
iIs used as the information source and basis of the informatiaretrieval structure of

a photograph exhibition system. The domain model and the eshition system are

examined in detail. The domain model that is built is called adomain ontology, and
ontologies are explained starting from the earliest philogphical notions until to the latest

scienti ¢ publications concerning image retrieval.

1.1 Annotation and Retrieval

Annotation stands for the process of describing images, anmdtrieval stands for the
process of nding images. The two major approaches to imagetrieval are content-
basedmage retrieval that analyzes the actual image data, anohetadata-base@pproach
that retrieves images based on human-annotated metadata. Isd relevance feedback
has been used in image retrieval complementing text-basegsgems. In this thesis the
retrieval is done by using the annotated metadata, and not # content-based analysis
or relevance feedback. The research problem is: "How shoule metadata be created
and what kind of system could interpret the metadata to maketieasy to nd images for
an average user?"

The metadata that describes images can be roughly divided two parts. One part
concerns the concepts that give information about the creat of the image, tools used
in the process of creating the image, art style of the image drthe artist, price, and
other explicit properties of the image. The other part desdves what is actuallyin the
image, the implicit properties that can be understood by peepting the image itself.
These two parts cannot be cleanly separated, and both have be taken into account
when analyzing an image.



1.2 Semantic Interpretation of Image

There are no commonly agreed vocabularies or methods to ayrd images among muse-
ums' curators, art critics, semiotics, aesthetics, philaphers, artists, and scientists. An
overview of the terms used in image analysis is given in apmix B, and the central
concepts around perception of image are brie y discussed time following.

Figure 1 depicts the entities that are present whenever an ege is percepted visually.
The perceptor (spectator) confronts (tucke) an image (sperum) created by an artist

World

Environment of Perception

Image

Subject of Image

Image

Perceptor

Artist with a device

Figure 1: The artist constrains a view of the world with a dewde, according to Lachan's
idea of photography [136].

(operator) [12]. The environment of perception is the plac&here the image is seen and
includes all the factors that have a ect on the perceptor'sriterpretation?

The perceptor sees thghysical element®f the image. With printed images the physical
elements constitute of the ink and the paper where the ink isripted on, or only of the
ink if the paper is transparent. In a negative the physical eiments are the silver-nitrates
that form the image and in digital images the nite set of pixés P with speci ed RGB-
and other values. A single physical element might cover thetal area of the image but
in the usual case many clearly distinguishable subsets Bf can be picked out. After
the physical elements have been percepted the perceptor sahsciously connects them
to a set of abstract elementslearned concepts in the perceptor's inner model of the
world. Physical elements are in relation with abstract eleents, which is called here
resemblance

1One fundamental part of the environment other than the imageitself is the possible reference text.
Reference text is di erent from possible text in the image [50], which would de nitely be part of the
image, but relationships with the image and an unattached text vary between a short title and an
exhaustive analysis [85].



Figure 2 is examined as an example of interpreting an imageh& combined features of
the face resemblesmile . The hands are geometrically upper than the head and the body
which resembleshands upwards The person is wearing sports-clothes with a number
and commercial tags on them. These together with the audiemcesemblecompetition .
Smile, hands upwards and competition all together resemble strongly driumph .

> Hands upwards

Y

Smile TRIUMPH

Y

Competitio

Figure 2: A photograph representing triumph.

It could be said that triumph is a higher-order resemblance than the others because it is
derived from smile , hands upwards and competition . Depending on the abstraction
level, none of the abstract elements marked on gure 2 dirdgtresemble the physical
elements. It is easy to analyze images on this level of absttien but doing the same
thing automatically with computers is very hard (appendix A. This is why only the
abstract elements speci ed by human annotators are used dset basis of image retrieval
and annotation in this thesis.

There are so many possible resemblances of the physical eata that any image, even
an empty one, can have myriads interpretations. This indidas that no image can be
annotated absolutely perfectly, i.e., it is essential thathe annotator has a certain inten-
sion in the annotation, and knows approximately how the annations will be used. If
the intended usage of the annotations is unclear, the annata should annotate also the
direct resemblances in addition to the clearest indirect semblances. When all the di-
rect resemblances have been annotated, semantic ontolegian be used to reason about
the indirect resemblances without further manual annotatins. Ontologies can also be
used to specify that a concept such asiumph consists of many possible permutations
of resemblances of di erent physical and abstract elementuch assmile and hands
upwards and so an image that has only one annotation lik&riumph , probably con-
tains some general elements thatiumph consists of. Therefore, ontologies provide a
promising aid in semantic image retrieval.



1.3 Semantic Web Ideology

The Semantic Web techniques can be used used to reason abdut telations of the
abstract elements of images. The idea of the Semantic Web [1135] is to use the
arising XML- and RDF-based standards (sect. 3.2.2) to servas common norms of
all information representation and description on the Intenet. These languages and
frameworks are recommendations of thé/orld Wide Web Consortium W3C[158] that
is a very in uential international consortium in the Semanic Web eld. Ontologies are
used as the new means of creating and using the metadata in atetion and retrieval.
In addition to searching just character strings within a natiral language text, intended
meanings of words and contexts surrounding plain-text repsentations can be created
and used with ontology-based languages and tools.

Ontology frameworks have gained popularity since the 90'sitiv an increasing pace.

Ontology research is a hot topic in today's computer scien@nd the development of the
Semantic Web is tied with ontologies. Ontologies provide aeasy and feasible way of
capturing a shared understanding of terms that can be used Whymans and programs
to aid in information exchange. Computer science gives usehtechnique to express
ontologies e ciently in a useful way, and Internet is the idel testing ground for ontology-

based applications.

The contents of this thesis are introduced in the following:

Section 2 gives an overview to digital photograph archival technique Examples of
annotating and retrieving images with di erent paradigms ae given.

Section 3 discusses the common theoretical aspects of ontologies adl vas modern
formal ontology frameworks and languages with the scope otasdard Semantic Web
ontology languages.

Section 4 gives a case-study about using ontologies in practice. Thecsion is divided
into 1) creation of an ontology, and using the created ontoffy in 2) image annotation
and in 3) image retrieval.

Section 5 discusses what has been accomplished and evaluates theulse$s of ontology-
based approach in image annotation and retrieval, and in biding a domain model.

Appendices further examine some aspects of the actual thesis. Appendixexamines

content-based image retrieval and how ontologies can be eégrated with the content-

based image retrieval. Appendix B examines the terms that arused in image analysis.
Appendix C examines some well known philosophical and forinantologies.



2 Image Annotation and Retrieval Techniques

This section gives an overview to the techniques that are use digital image annotation
and retrieval, but may the data be in any form, there are fundiaental similarities in the
process of annotating and retrieving it.

Di erent organizations do not share a generally accepted andard description model to

be used with photograph collections [89]. Even though most the organizations use
standards approved by ISO [81] or ANSI [3], there is a wide vaty of guidelines ranging
from speci ¢ photography guidelines such as FOTIOS [48]bliary standards like AACR2

[1] and ISBN [80], to archival standards like ISAD(G) [79] ath general thesauri such as
YSA [161]. Institutions have also developed their own guitiees. One explanation of
this patchwork of di erent guidelines is that institutions aim to include photographic

materials into their general description and cataloging sgem. An exclusive standard
for photographic materials might con ict with speci c institutional guidelines, and in

this case the same search facility is used for all materials.

Even thought the used systems are very heterogeneous, theseueatures of the three
basic image retrieval paradigms, which can be seen as gendypes of the techniques
that are actually used with applications. In the following hese three generic paradigms
[155] are discussed and examples of annotation and retriexae given using images
about the promotion happening that is also the subject domain of the case example in
section 4. Text-based eld-based and structure-basedparadigms are presented in order
of simplicity and can be seen as extensions of one another.el@ontent-basedraradigm
di ers greatly from the others because it is not metadata-bsed, and so it is explained
in appendix A.

2.1 Text-Based Paradigm

Text-based (also called keyword-based) methods are so gahdéhat they have to be
used up to some degree with all the paradigms. Everything cdme described with
natural language but it is hard to solve the intended meanin@f a textual description
automatically with computers. This is why di erent semantically oriented techniques
have been created to support text-based information retnal.



2.1.1 Text-Based Annotation

Annotating images with the text-based paradigm is very simp. The annotator has
to write a textual description of a photo using natural langage. After the description
has been created it is linked to an image. The image text of ga 3 corresponds to
a text-based annotation, and contains information about bib the explicit and implicit

properties (sect. 1.1) of the image. To facilitate the retaval the annotators have to take

Figure 3: Promotion of faculty of Philosophy 1886. Generalagland binder Hedvig
Estlander posing with her garland. Photographing Studio: Bniel Nyblin

in account the possible use ahesauri that constrain and guide the use of vocabulary.
A thesaurus is a collection of natural language words that sgi es the vocabulary of
some speci ¢ domain. Anything can be described in myriads efays if all the words
of English or another commonly used language are in use. Withvastly narrower set
of words the annotations are surely more homogeneous and @reation of queries is a
much simpler task because the used vocabulary is known.

Thesauri may contain relationships of words such as synongrbut specifying more com-
plex relationships such as homonyms, hyponyms, meronymsjdaantonyms require a
richer level of formality than thesauri usually have. With thesauri it is also easier to
map existing descriptions between di erent languages beese only those words that are
included in the thesaurus have to be used. There are a numbédrdmmain-speci ¢ the-

sauri available such as thért and Architecture Thesaurus[118] that has vocabulary to
describe art, architecture, decorative arts, material ctlire, and archival materials. The
coverage of the AAT ranges from Antiquity to the present, andhe scope is global. The
Library of Congress Subject Headings [98] is a thesaurus th@ms in classi cation of

uniform and unique headings, provision of direct access tpexi ¢ subjects, stability, and

consistency. An image-centered Iconclass [76] is a coliextof ready-made de nitions
of objects, persons, events, situations and abstract idedsat can be the subject of an
image. There are thesauri (or lists) also for very common was (e.g.,in, a, and, the,

for ) to exclude these from a search.

Assuming that the thesaurus is descriptive enough for the dmain, the only disadvantage
is that the annotators and retrievers have to check out the Val words with an explicit
thesaurus browser, i.e., they cannot just write what comesrst in mind.



2.1.2 Text-Based Retrieval

In the retrieval sense, photos that are annotated with plairtext behave similarly to
plain text documents because both contain text, which can bexploited by conventional
text-based retrieval techniques.

The generic text-based information retrieval is carried orso that rst a user types a
qguery that consists of 1 ton keywords into a query eld of a search interface. The search
engine compares the keywords with a set of documents gathéfeom a database and
gives them priority values. For example, if the keyword i®ook, documentA contains
two instances ofbook and documentB contains only one instance, therA gets a higher
priority. The documents are presented to the user, highestriprity rst.

When the size and amount of the documents grows, the classipaoblems of text-based
information retrieval start raising. Irrelevant documens are retrieved and the user has to
use time ltering the information again, usually by browsirg through the search results.
The tness of generic text-based retrieval is depicted in gre 4 [86]. When the recall
gets higher the precision gets lower, and when precision gdiigher the recall gets lower.

Objective
Relevant Irrelevant
Found /
a+b a b Recall
Discarded
c+d c d
Sum
a+b+c+d at+c b+d
0 Precision 1
recall = 2 precision = 2,
1 recall O 1 precision O

Figure 4: Symbolsa, b, ¢, andd represent the members of the documents that are subject
of the search. The graph represents a usual relation betwesstall and precision. The
tness of recall and precision can be calculated with the e@tions.

Some techniques that facilitate the text-based search arasdussed next. The main
principle of the vector-model[133, 22] is to index documents that consist of text into a
matrix including statistical information such as the amoun of appearances of di erent
words in a document and the location of the words in the docume This is radically
faster than to search directly from the documents, even witbptimized character parsing
techniques[93, 19]. The vector-model also provides the search algbrts a structured
basis to start the reasoning with.

Stemminguses morphological relations of words to nd a paftof a word that is common
to all or most of the forms of the word. For example, if the qugrterm running is used
with the stemming-option on, the engine would not just sealcfor running but also run,
runnable , runner, etc. A user can create queries such asn* that have the same e ect

2In most of the cases the beginning of words.
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as the stemming. The unknowr¥ can be also situated in the beginning, in the middle, or
in any place within a word or a phrase, possibly many times witn one word or phrase.

With boolean searctone can de ne the wanted relations of the search terms with dacal
connectivesand”, or _, not: . The user can also set search constraints to nd documents
where a certain word is near, before, or after another.

These kinds of techniques have been created to overcome tlatlenecks that evolve
from keyword-based search but they are only 'pain-killershot a 'cure’ to the problem.
Because these techniques are not alone su cient, other mosemantically oriented tech-
niques have been taken in use in addition to the thesauri. The are probability models
used for reasoning about documents' usefulness. These nis@malyze phrase constructs
and take the structure of a document in account. Many documés) especially Web pages,
have hyperlinksto other documents. Search engines (e.g., Google [55], Sker [24]) can
reason about documents' usefulness not only by indexing tnebut also by researching
other documents to nd the most referenced ones.

As an example of text-based image retrieval, the retriever'goal is to nd images where
can be seen a general garland binder and garland in the sameage. The retriever
types the keywords:General garland binder ~ Garland. The search engine compares
the keywordsgeneral , garland , and binder to all image annotations in the system. A
set of annotations match with the query because all of them otain the keywords. Some
of the result are depicted in gure 5.

Figure 5: A subset of images that matched the query.

A large percentage of the images in gure 5 have no garland, ih indicates a rela-

tively low precision. The basic problem is that text-basedesarch does not even try to
understand the meaning of words and sentences, which is quitatural: understanding

of a textual string would be an unsolvable problem for a maawe because a correct in-
terpretation of a short phrase such as a query or an annotaticcould be impossible also
for humans without any knowledge of the retriever's goal orhie speci c context under

which the query should be handled.

Another common approach to making text-based informationeatrieval more robust in-
volves keyword expansion using a thesaurus or other lexicakource. However, keyword
expansion using thesauri is limited in its usefulness becmikeywords expanded by their
synonyms can still only retrieve documents directly relatkto the original keyword. Fur-
thermore, a naive synonym expansion may actually contribetmore noise to the query
and negate what little bene ts keyword expansion may give [(13]: if keywords cannot

3Proege-2000 [124] was used in this example as explainedip. 60.
8



have their meaning solved, then all synonyms of a particuldeeyword may be used in
the expansion, and this has the potential to retrieve many televant documents.

Attempting to overcome the limited usefulness of keyword @ansion by synonyms,

various researchers have tried to use slightly more sophestted resources for query
expansion. These include dictionary-like resources suck &exical semantic relations

[153], keyword co-occurrence statistics [119, 102], aslves resources generated dynam-
ically through relevance feedback, like global document alysis [160], and collaborative

concept-based expansion [91] that also requires the use elbvance feedback [105].

Although some of these approaches are promising, they sha@me of the same prob-
lems as naive synonym expansion. Dictionary-like resousceuch as WordNet (appendix
C) and co-occurrence frequencies, although more sophiated that just synonyms, still
operate mostly on the word-level and suggest expansions thare lexically motivated
rather than conceptually motivated. Relevance feedbackhbugh somewhat more suc-
cessful than dictionary approaches, requires additionakerations of users and cannot be
considered a fully automated retrieval.

2.2 Field-Based Paradigm

The eld-based approach (also called attribute-based andeature-based) describes and
retrieves an item by one or more eld-value pairs. This way ta eld-based paradigm
can be seen as an extension to the text-based paradigm wherdyocone eld is used
in annotation and retrieval. Typically a metadata schema (otology) is de ned that
describes a set of elds and some indication is given aboutehype of values that can
be assigned to a particular eld. The most widely used schenmfar describing on-line
documents in general is th®ublin Core metadata template [28]. The elds of DC version
1.1 aretitle , creator , subject , description , publisher , contributor , date, type,
format, identifier , source, language, relation , coverage, and rights . Quali ed
versions of DC have been created for specialized domainshsas for describing art
objects in museums [156].

2.2.1 Field-Based Annotation

The usual case is that the annotator has a number of elds wherthe required values can
be set. Some elds take text as value and some take values likeeger, boolean, date, etc.
Some values might be more or less prede ned. There might be a&nu with a number
of color options associated to a eld, and properties likeengthcould be constrained into
the metric system. Many systems require giving proper valago certain elds before
accepting an annotation. Then again all elds do not have to & given values because
these might not be essential or there possibly does not exigtlues for all the elds with
all the annotated items.

As with the text-based paradigm, having an agreed thesaurgsmpli es both the retrieval
and annotation processes. Many of the eld-based initiates recommend the use of
closed thesauruses such as the AAT (sect. 2.1.1) but do notsasiate particular parts
of a thesaurus with a eld. As a consequence the only supportat a human annotator
has is some sort of thesaurus browser or a reference book. fpiove the support for
annotation a mapping is required from the elds to particula parts of the thesaurus so



that the annotator is only presented with terms that are relgant for a particular eld.
This would again be very close to more semantically orientesfructure-based paradigm.

The example case is to annotate the same photo (g. 3, p. 6) thavas annotated with
the text-based paradigm. The annotator has the image, imagext, and a set of empty
elds to start with. Some elds in the below table describe tke implicit properties or the
image (topic, color), some describe the explicit properte(photographer, copyrights),
and some elds describe both (reference words, other infoation), just as explained in
section 1.1.

photographer date of photography topic reference words
negative size color annotator  copyrights

other information image type image size condition
archival

Some elds might be hard to understand without any addition&info. The Topic eld
corresponds to the whole annotation of the text-based parapn in gure 3, with the
exception of the photographing studio that could be insertein eld photographer or
other information . When all the required elds have been properly lled the anota-
tion is done.

2.2.2 Field-Based Retrieval

The retrievers usually do not have to give values to all the ks of the search interface
to nd the wanted images and can be totally unaware of the systn beforehand, when in
contrast the annotators are usually trained for the job. Whe the annotator sets a certain
value to a eld like integer 1, the retrievers can possibly gery a certain range of values
such as integers between [0 10], all dates between years 18000, and character strings
just as with the text-based paradigm. Again, the use of an aged vocabulary helps
to nd the wanted images, and in contrast, using incorrect voabulary might make the

search very hard. Fields with pre-de ned value speci catios are very helpful when the
vocabulary used in the annotation process in unknown. It wddi be very time-consuming
and unnecessary to always give values to all the possibledslif there are many of these.
One simple way of executing a eld-based search is to rst giwalues to only a few elds
and start the search. If the precision is too low the retriewvecan set more constraints by
giving values for a few more elds or giving more accurate vas for some elds.

However, an average user who is not interested in the expligroperties of the image
uses mostly the topic eld. In this case the retrieval is idetical to text-based retrieval.
The only di erence is the possibility to set values for a numér of other elds, which
can have other kinds of value types. The planning of the eldss again very close to
ontology-based planning.

10



2.3 Structure-Based Paradigm

Structure-based paradigm [155] can be seen as an extensionhe eld-based paradigm.
Where the eld-based approach essentially uses a at strugte of attribute-value pairs,
the structure-based approach allows more complex descigois involving relations. For
example, a description of a piece of furniture can include a&slcription of it's components,
e.g., a drawer of a chest. The components are again objectsttltan be described using
a number of attributes such as material, size, and shape. Cponents can even have
components themselves, e.g., drawers can have handles, #mbretically the speci ca-
tion of the subcomponents can go up to the depth where a compan can not have any
more speci ¢ subcomponents.

Ontology-based design is the only way to construct structerbased systems, and in
general structure-based systems can be called ontologysbd systems. The methods
explained here are on very general level and ontologies (se®) have to be understood
to thoroughly understand the structure-based paradigm.

2.3.1 Structure-Based Annotation

There is a vague line between what is called a eld-based or@msture-based annotation
schema, but one fundamental di erence to eld-based paragim is the method of selecting
the values for the elds. With eld-based systems the valuesre most often natural
language nouns typed with the keyboard, but structure-basesystems allow selecting
the values from within category treedike the one in gure 6. The category trees can be
built using formal ontology languages.

Categories can be equated with the traditional folders (or icectories) of a personal
computer and the individual images that the categories desibe can be equated with
the les that are stored in the folders of a PC. The traditiond folder structures are only
more constrained than the categories: the folders can haveny subfolders but only one
parent folder - categories can have many subcategories andmy parent categories; the
same le can belong to one folder only - an individual can belg to many categories.

Let the subject of the example annotation be again the imagenogure 3 in p. 6 and let
the elds be the same as with the eld-based paradigm in secR.2.1, with the exception
that the values of eld topic are selected in a structured way. The annotator has the
image and the image text to work with. Based on this informatin the annotator has
to select values for thetopic eld from within the category tree on gure 6. The tree
contains three categories:Happenings Persons and Objects In every category there
is a list of individuals in an alphabetical order: Happeningscontains many individual
happenings, Persons contains many individual persons, andObjects contains many
individual objects.

Happenings Persons Objec
Concert Eero Hyvénen Car
Conference Hannu Erkio Garland
Promotion Hedvig Estlander House
Wedding likka Niiniluoto Sword

Figure 6: A category tree from which values are selected fdnd topic eld.

11



The annotator selectsPromotion from categoryHappenings Hedvig Estlanderfrom cate-
gory Persons and Garland from categoryObjects In case the wanted individuals would
not be on the lists the annotator could add them there. If the mnotator would not know
that the person was Hedvig Estlander, she/he could have antabed only the category
Personsto tell that there is some person in the image.

The example was very simple, but relational descriptions navary widely between dif-

ferent categories of things and the annotation can be cardeon in myriads of ways. It

is clear that annotation has to be handled in a way that di eret annotators can use
the same annotation interface at di erent times successfiyl not doing the same work
again, seeing what has already been annotated, and possiblypplementing the previ-

ously made annotations. With relatively small or simple s&mas annotations can be
done very easily and swiftly but with complex schemas the peess can get harder.

2.3.2 Structure-Based Retrieval

Values were selected from a category tree in the annotatiomn the retrieval the same
tree is used in nding the images that are linked to certain dagories or individuals.
Structure-based retrieval can be done in very many di erentvays just as the annotation.
Implementation of the retrieval system naturally depends o the way the annotations
are made but the most essential principles in the retrievalra set theoreticintersection
\', union [ , and di erence n 4.

The retrieval process can be carried on by rst choosing a pmasing category from within

a set of top level categories and following a promising patihoim a category to another
until the wanted kind of category or individual is found. When x (category or individual)

is selected, the system retrieves all images that were lirkkéo x in the annotation stage.
By selectingHedvig Estlanderfrom the category tree the system retrieves all images that
were linked to Hedvig Estlanderin the annotation.

The intersectionx; \ X, retrieves those, and only those images that are linked to dot
X1 and x,. The union x; [ X, retrieves the images that are linked to<; or to Xx,. The

di erence xinx, retrieves the images that are linked tax; but not to x,. The search
constraints can also be combined. The expression;( X;)nxs retrieves images that are
linked to both x; and x,, but not to Xs.

Structure-based methods have been used for example with thBrowse system [123]
in the 90's, and more recently withFlamenco [35], Promotor (sect. 4.3), andMuse-
umFinland [74] for example. In addition to these academic projects, rstcture-based
methods have been taken in use in an increasing pace also watlery-day applications
because of their outstanding performance. For examplBIOA search [78],0pen direc-
tory project (appendix D), and Soneraplaza topic searcfil39] all allow constraining the
search with categories. The 'structure’ in the structure-Bsed paradigm can be equated
with ontological categories, and ontologies are examined the next section.

4These principles are explained in more detail in sect. 3.1.5
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3 Ontologies

This section brie y introduces ontologies to the reader wh the scope limited to cate-
gorization, i.e., in relating categories with each other inthe same way as with formal
Semantic Web ontologies.

Theoretical basis of ontologies [142, 138, 34] are reviewest in section 3.1 in order
to clarify the questions about meaning of categories and tHeasis of describing things
with categories. The classes of Semantic Web ontologies, wall as the categories of
philosophical ontologies (appendix C) are in a predecessarccessor hierarchy, which
facilitates using intersection, union, and di erence to eglain the logic in frame-based
categorization, and in structure-based annotation and reeval in simple means.

Section 3.2 examines modern formal ontologies with the s@pn the standard Semantic
Web ontology languages. Frame-based modeling [96] is cunthg the most common
design principle of Semantic Web ontologies and categoriim is the backbone of frame-
based modeling. Ontology languages such as RDFS and OWL soppframe-based
modeling, which is also used in the case example in sectionmdreating a domain
ontology.

3.1 Theory of Ontological Categories

The history of ontological categories is brie y discussedisection 3.1.1. Any rationally
constructed category tree follows a certain logic, that iseterministically explained in
section 3.1.2 by equating the categories with ZF-sétsThe theory is applied in practice

in section 3.1.3, where thePhysical-Abstract and Continuant-Occurrent divisions are
explained with visual category tree representations in oedt to show the relativeness of
any categorization. In section 3.1.4friads (Firstness, Secondness, Thirdness) are used
to explain the principle of how relations of categories arexpressed with RDF, that is
the basis of formal Semantic Web ontology languages (sect2.2). Section 3.1.5 shows
how category trees can be used to annotate and retrieve infioation.

3.1.1 Historical Overview

The word ontology comes from the Greek wordentos (being) and logos(study): On-

tology is the study of being. On some occasions ontology is#éted as a synonym for
metaphysics, domain, or context [137]. The word was used irhfistian theology in scope
of examining God's metaphysical appearance throughout thmiddle ages, and was taken
in use also in philosophy in the 17th century [64, 104, 32, 47Philosophical ontology

is the science of what is, of the kinds of structures, categes of objects, properties,
events, processes, and relations in every area of reality.hd taxonomies which result
from philosophical ontology have been intended to be de riite in the sense that they
could serve as answers to questions such as: "What categemd entities are needed for a
complete description and explanation of all the going-ons ithe universe?" In this sense
a perfect ontology should cover all types of entities, inctling also all the relations by

which the entities are associated with each otherA priori knowledge, being something
we know or can reason about without having to percept it agaican be equated with

ontology; ontology represents our a priori knowledge. Evehough the term was used in

5Zermelo-Fraenkel set theory is a generally accepted formidation of set theory.
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theology, philosophers like Plato, Heraclitus, and Aristite examined the metaphysical
structure of the world in the ancient Greece long before theith or Christianity.

3.1.2 Category Tree

The problem of Universals and Particulars can be seen as an important stage of early
ontology research. A universal can be de ned as an abstradbject or term that ranges
over particular things; roundnessranges over all things that are round like stars and
planets. Universals can be equated with ontological categes and particulars can be
equated with the things that the categories describe: the iwerse, and categories lower
in the hierarchy.

The division to universals and particulars is problematicn nature, and the line between
an universal and a particular depends on a viewpoint. From auman point of view, the
individual particulars are those things that a human would gproximately consider as a
unique assemblance of physical and abstract things that i® sinique that there cannot
be two absolutely identical of the same kind, or if there arg¢hese too can be enumerated
and called individuals. The particulars are often concretdike individual humans, stars,
and planets, but also all the categories can be called indikials. Every category and
every ontology is unique: if there are two ontologies that arnot identical, then they
are individual, and if two ontologies are identical, then tky are the same individual
ontology. And every category is unique, because there is niher category in it's speci c
place in some ontology, of which all are unique. All that candsaid is that categories
that are higher in a hierarchy of an ontology are more univeas than those lower in
the hierarchy, because those categories that are lower inetlinierarchy describe a more
condensed view of reality than the ones above them. The lineetween universals and
particulars is drawn where it is the most practical to draw fom the scope of an average
person.

The categories in gure 7 were specied already by Plato evethough he used the
conceptdivided line[122] instead of a category tree representation. The termsed with
the category tree are introduced in the following with Platts categories.

o

Abstract Physical

Idea HypothesisForm Image Physical objects

.

Figure 7: Plato's categories represent the universals.

Universal type > and primitive ?

> is the root category that is always on the top of the tree.> contains all
di erentiae and describes everything. The primitive or abgrd type ? is the only
leaf category of the tree.? contains only what is common to all categories, and
describes only what is common to all the things that all the dagories in the tree
describe.

14



Subcategory

Having two categories connected with a line, the category &b is geometrically
lower than the other is subcategory of the upper category. Soategory of an arbi-
trary category X describes a more condensed view of the reality tha relative to
what X describes.Abstract and Physical are subcategories ot . Idea, Hypothesis
and Form are subcategories oAbstract. Image and Physical objectsare subcate-
gories ofPhysical ? is subcategory ofdea, Hypothesis Form, Image and Physical
objects

Supercategory

Supercategory is an inversion of subcategory. Having twotegories connected with
a line, the category that is geometrically higher than the dter is supercategory
of the lower category. Supercategory of an arbitrary categp X describes a wider
view of the reality than X, relative to what X describes. > is supercategory of
Abstract and Physical Abstract is supercategory ofldea, Hypothesisand Form.
Physical is supercategory ofimage and Physical objects Idea, Hypothesis Form,
Image and Physical objectsare supercategories d? .

Successor

Successors of an arbitrary categor)( are all those categories that are confronted
by following the line downwards from a category to anothertarting from X. All
successors oK describe a more condensed view of the reality thaX, relative
to what X describes. All categories are successors>ofexcept > itself. ? is a
successor of every category exceptitself, and no category is successor f.

Predecessor

Predecessor is an inversion of successor. Predecessors @rlitrary category X
are all those categories that are confronted by following éline upwards from a
category to another, starting fromX. All predecessors oK describe a wider view of
the reality than X, relative to what X describes.> is predecessor of every category
except> itself, and no category is predecessor of. Every category is predecessor
of 7, except? itself.

Category tree is a latticé€, but since drawing of the greatest node and the smallest
node? is not enforced it can be called a tree as well. The relation$ categories could
be described with predicate logic or with any other suitabléormalism, but the simplest
category tree requires only thesupercategoryOf relation and can be taken as a boolean
algebra [54] modeM = fE;>g, whereE stands for the categories an¢ stands for the
supercategoryOf connective between the categoriés

A category can have a totally di erent meaning when placed as subcategory of di erent
categories. Especially the meaning of iconic signs (Apperd) like Circle changes along
the supercategory: as a subcategory B6rm, Circle would stand for an abstract circular
form, and as a subcategory dPhysical objectst would stand for a physical object that
has a circular form. In addition to the category itself, relions to other categories
determine the meaning of a category. In case of moddl , predecessors and successors
of an arbitrary category X determine the meaning ofX. A category X describes its

6Lattice is simply a tree where there is always a path from evey node (or category) to the greatest
node >, and to the smallest node? .

"Using model M , Abstract > Form means that Abstract is supercategory ofForm. The notation is
useful whenever describing category hierarchies within tet.
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successors, but the successors also describe categoryredecessors oK describeX,
but X also determines the meaning of it's predecessors.

In terms of ZF set theory, the categories can be equated wiets where subcategories
are proper subset®f their supercategoried The set theoretic relations of categories are
visualized with gure 8. The categories of the second and thehird tree from the left
are in correspondence with the rst tree from the left: in thesecond treeA = f1;2g and
B = f2;3g; in the third tree A = f1;2;3gand B = 2;3;4;5¢.

T {1,2,3} {1,2,3,4,5,6} {1,2,3,4} {1,2,3,4}

N

A B 1.2y  {2,3} {1,2,3} {2,3,4,5} {1,2,3} {12 {34}
L 0

Figure 8: Examples of category trees where the categorie® atepicted as ZF sets.

{1} {2} {4} {1,2} {1} {3}

{ {1} {

When an arbitrary category X has two or more subcategories, the union of these is a
subset ofX. A and B are proper subsets of: A > ,B > . The union of A and B

is asubset o>: A[ B > . Itis important to understand that A[ B = > does not
have to hold becausé\ [ B can be also a proper subset 6f: in the second tree from
thelet Al B=>,C[ D=A,D[ E=B,andC[ D[ E = >, but in the third tree
fromthelefft A[B > ,C[ D A,D[E B,andC[ D[ E > ,i.e., all categories
contain more than the unions of their subcategories contain

When X has two or more supercategories{ is a subset of the intersection of these.
D is a subset of the intersection oA and B: D A\ B, i.e., D can contain all that
is common toA and B or only a proper part of it. In the second tree from the left
D = A\ B, but in the third tree from the left D A\ B:

In the second tree from the right the category that correspats to ? is not empty. A
strict de nition is applied in the rightmost tree, where all subcategories of are disjoint,
I.e., an intersection of two or more successors ¥f that are not in predecessor-successor
relation is empty: whenX has two subcategorieg; and X,, X3 X nxp, andx, X nxy,
which implicates that x; \ x, = fg.

The set theoretic de nition enables understanding the boustaries of ontologies. A perfect
philosophical ontology should have the means to describeeeything that exists, but the
limit of the descriptive power of any ontology is that an onttogy cannot be thoroughly
described with itself. This limitation can be derived direty from Russell's Paradox
[110], formulated by Bertrand Russell (1903). All categogs can be equated with sets,
and all categories of an ontology are proper subsets »f except> itself. When an
ontology describes itself> should be a proper subset of, which is impossible. The
conclusion is that an ontology can only describe things exteal to the present state of
itself.

8When inner sets are not allowed, all members of the sets ar@-minimal and cannot be further
divided. This way, also all successors of an arbitrary categry X have to be proper subsets oK. When
the cardinality of > is ¢, the maximum depth of the tree is ¢, and the maximum amount of di erent
categories is 2.
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3.1.3 Contrasts in Categorization

The reality is relative and so is the ontology that describeg: categories classify things
relative to other categories. All categories are in contragnd describe di erent types
of properties of things. Two dichotomies of top-level categies are examined in the
following to clarify the use of the set theoretic de nition n practice.

Dichotomy of Physical and Abstract

Successors ohbstract describe abstract properties of things, and successorsRifysical
describe physical properties of things in gure 9. For exani@, the abstract form of an
iron ball is Round and it is made of physicalMetal. A frisbee is alsoRound, but it is
made ofPlastic instead of Metal.

T

Abstract Physical
Idea Form Hypothesis Matter Radiation
Round Angulated Metal Plastic
Fe (iron atom) C (coal atom)
Elementary Particles
Proton Neutron
Electron Quarks and Gluons
Strings

String A String B

-

Figure 9: Plato's categories of gure 7 in p. 14 are modi ed ahthe categorization is
not intended to be de nitive. Most of the successors oAbstract are depicted as leaves
of the tree because of representational reasons, Butis still a successor of all of these.

The strict de nition is applied in the division to Physicaland Abstract when a category
is successor ofbstract, it can not be successor oPhysicaP. Things that are generally
considered concrete, touchable, visible, or measurablecsiasMatter and Radiation are
described with successors &hysical Abstractthings like information structures in living
beings' minds or in the memory of a computer are opposite tehysical things. These
kinds of things are untouchable, invisible, that possibly annot be explained such as
Form and Idea. Many of the other categorizations are not disjoint, such athe division
of Matter to Metal and Plastic.

When an arbitrary categoryX has one or more subcategories, thefiis something where
all of these belong to:Physical and Abstract belong to >, Matter and Radiation belong
to Physical and Metal and Plastic belong to Matter. X can contain more than it's

9Unless the categories and the individuals are equated.
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subcategories, bufX can also constitute of it's subcategories only> contains more than
just Physicaland Abstract, Matter contains more thanMetal and Plastic, but Elementary
Particles constitutes exactly ofElectron, Proton, and Neutron.

When X has one or more supercategories, theX is something that belongs to all of
these: Elementary particlesbelongs to bothFe (iron atom) and C (coal atom) because
they both constitute of the sameElementary Particles Proton and Neutron then again
constitute of Quarks and Gluons String-theory discusses hovlectrons and Quarks and
Gluons constitute of Strings.

The intersection of String A and String B is marked with the unknown? because it is
not known what is common to two di erent strings. ? is what is common to all of the
categories in the tree, that is intuitively nothing.

Dichotomy of Continuant and Occurrent

In addition to Physicaland Abstract, also other categories can be applied as high in the
hierarchy. The division to Continuant and Occurrent classi es the continuity of things
relative to each other in gure 10.

All matter tends to change within a period of time, includingthe planets, galaxies, and
the whole known universe. A continuant has a stable set of guerties that describe its
various appearances at di erent times to be recognized asdlsame thing. The most
continuant things are placed as subcategories @ontinuant and the least continuant
things as subcategories dccurrent. Relative to being aContinuant, Planet is subcate-

= B

Continuant Occurrernr
Universe NMountainm
Planmnet Planmnet

NMountain Universe

—

Figure 10: Division to Continuant and Occurrent.

gory of Universeand Mountain is subcategory oPlanet The bottom-most successors of
Continuant (before?) in the tree describe things that remain recognizable as theame
thing for the shortest period of time.

Relative to being an Occurrent, Planet is subcategory ofMountain and Universe is
subcategory ofPlanet The bottom-most successors dDccurrent would then describe
the entities that remain recognizable as the same thing fohe longest period of time.

When two things are as continuant or occurrent they can be pted as subcategories of
the same category. The intersection of successorgGafntinuant and Occurrentis marked
with ?. In this case 'absurd type' describe® quite well because it is hard to imagine
what is common to successors of bot@ontinuant and Occurrent.
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3.1.4 The Principle of Triads

The idea of triads (Firstnessl, Secondnest , and ThirdnesslIl ) was born when modern
philosophers® were creating triadic category patterns as means to creat@w categories
from the previously created onesl, Il, and Il have been also included in a philosophical
ontology as categories!, but here the principle is used in explaining the relations fo
categories.

According to Peirce (1891) "First is the conception of beingr existing independent of
anything else. Second is the conception of being relative, tihhe conception of reaction
with something else. Third is the conception of mediation, kereby the rst and the
second are brought into relation."”

The triadic pattern is widely applicable in explaining reldions of things, and is used
in elds such as philosophy, art, semiotics, and cognitivecgence to describe thinking,
formation of perception, and interpreting art. The princide can be used also in explain-
ing the meaning of a category when its supercategory is known can be taken as a
holistic punctum (appendix B): a category that comes rst inmind and appears to be
independent. Il is the domain, context, or supercategory that surrounds, and lll is the
meaning ofl in the context of Il. In the following, things of di erent perceptual types
are taken asl, while Il is taken as known, andlIl is derived froml and Il . Iconic signs
(appendix B) are used here, since they suit very well ds

Circle is used as an example of a visually perceptable iconic sign:
(T 1l

Form circle
Concrete object plate, planet, star, or any concrete objet¢hat has the form of

| as an audial perceptual type:

Beep Elevator the wanted oor is reached, ...
Beep Construction yard Warning of an explosion, ...
Beep Talk show Dirty words being bu ed, ...

| as a scential perceptual type:

Bad smell Food rotten or burned food, ...
Bad smell Los Angeles smog, ...
Bad smell Person bad breath, ...

10Kant, Peirce, Husserl, Whitehead, Heidegger, and others.
1Sowa's Diamond in appendix C.
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Next the triadic pattern is used in categorization with a nave example. Categories
Earth, Mars, and Pluto are subcategories o# in the tree on the left of gure 11. Earth

T T
A ‘

Earth Mars Pluto Planets Pluto Planets
Earth Mars Earth Mars Plutc

Figure 11: Example of categorization with the principle ofriads.

and Mars are selected as and Il. They both are Planets (lll ), and the result is seen
on the center. Also other category pairskarth-Pluto and Mars-Pluto could have been
selected as well agarth-Mars. The nal step is to select pairPluto-Earth or Pluto-Mars
asl and Il, which both are Planets(lll ), and so, alsoPluto can be set as a subcategory
of Planets

Placing the new categories as high in the hierarchy as podsilis in theory su cient to
create any categorization because any categorization cae done one triad at a time.
In addition of creating new categories out of the existing @s the principle of triads
can be used in reducing the number of categories. Two simileategories [ and Il') can
be combined into one [l ), when the new category collects successorsioand Il, and
thereforel and Il can be discarded from the tree. When only one categoXy is discarded,
X's supercategories collect the successorsXof If category P lanets was discarded from
the tree on the right of gure 11, the result would be the tree b the left of gure 11.

Has-test[142] can be used when it is dicult to decide whether a categg suits as a
subcategory of another category by inserting< has Y'. If the pattern sounds normal,
then Y can be placed as a subcategory ®f 'Has' can be replaced with many words and
nouns such as 'has greater expressive power than' or 'suity describing a wider area
of reality than'. When X and Y change places, other kinds of versions of the test can
be used like Y is part of X', or 'Y belongs toX'. For example, Metal ts for describing
wider area of reality thanlron' and 'lron is part of Metal' sound natural, and so category
Iron can be placed as a subcategory dfetal rather than the other way round. In some
cases it is intentional to use the test in both directions, ke 'Y is X' and 'X is Y'. "Iron

is Metal' sounds reasonable, butMetal is Iron' does not.

The principle of triads is applied also in the very basis of # Semantic Web. In RDF
(sect. 3.2.2) information is expressed in form of triads, driples: Subject -Object -
Predicate , or Subject -Property -Value. On the left side of gure 12 is a category
tree and on the right side is a table with three triples that ae in correspondence with
the tree. Naturally, also other kinds of properties can be @xessed with triples, but
the supercategoryOfrelation '>" is used as an example. The tripleAbstract; >; Form)
tells that Abstract is supercategory oF orm. Any member of the triple can be queried
when two out of three members are known. The known members che taken asl
and I, when Il is the result of the query. The query Abstract;>; 11l ) returns Idea,
Form, and Hypothesis, i.e., all value s that Abstract has forproperty >. The queries
(Abstract; I11; Idea ), (Abstract; I11; Form ), and (Abstract; I11; Hypothesis ) all return
>, i.e., the property of Abstract that has value s Idea, Form, and Hypothesis. The
queries (II;>;1dea ), (Il11;>;Form ), and (IIl;>; Hypothesis ) all return Abstract,
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Abstract Subject Property Value
Abstract > ldea
Abstract > Form
Idea  Form Hypothesis Abstract > |Hypothesi

Figure 12: A category tree and the corresponding triples.

l.e., the subject that has values ldea, Form, and Hypothesis for property >. Two
or more triples can be uni ed, which allows more complex quies.

3.1.5 Annotation and Retrieval

The fundamental principles of structure-based annotatiorand retrieval [134] can be
explained with category tree using the set theoretical noteon. The task is to annotate
six items, or instances, denoted by members of the annotatisetf 1, 2; 3; 4; 5; 6g with the
given category tree on the left side of gure 13. The annotadn is done by linking subsets
of the annotation set to the categories. Let the triple, or gery (Y;annotationOf; 11l )
return the annotations of categoryY. The result of the query (Il ) is abbreviated asY,
in the following. On the left side of gure 13 is the categoryree without annotations
and for exampleA, = fg and H, = fg*2.

T { {1,2,3,4,5,6}
A/\B v & {1,3,4,5}{2,4,5,6}

c D E + O {} {3} {45} {56}
F/ G/\H/\I {3}/ HM {3y {4 B {6}

Figure 13: Sets represent annotations of categoriésB;C;D; E;F;G;H ,I.

The annotation is executed and the result can be seen in theewr on the center. For
example,A, = flgand F, = f3g, but >, = fg and D, = fg. The retrieval is only a
matter of how the annotations are used, i.e., rules for regval have to be de ned. Let
the rule be: "annotations of subcategories of an arbitraryategory X are uni ed with the
annotations of X ." Hereby, predecessors inherit the annotations of all thesuccessors.
This rule is based on the fact that predecessors describe wiecommon to all of their
successors: all things that are described with successoffoundnessare also round. In
the tree on the right the annotations have been inherited athe way up to the top. For
example, union ofG, and H, constitutes D,: G, [ Hy = f4g[f 5g= f4;59 = D,. The
rules concerning the sets that depict the annotations of theghtmost tree are the same
as with the set theoretical de nition of the category tree wih one exception: annotation
of subcategory ofX does not have to be a proper subset &f,, but can also be the same
asX,. For example,F C but F,=f3g f 3g= C,. Examples of retrieval are given
in the following.

2Note that the sets depict only the values ofannotationOf properties in this example and not the
categories that remain the same.
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Intersection of two of more annotations retrieves those, and only those ages
that are members of all participants of the intersection. Whn intersection ofA,

and B, is selected, items 4 and 5 are retrievedi,\ B, = f1;3;4;5g\f 2;4;5;69 =

f 4; 5g.

Union of two or more annotations retrieves all those images that amembers of
any of the participants of the union. When union ofA, and B, is selected, items
1,2,3,4,5, and 6 are retrievedA, [ B, = f1;3;4,59[f 2;4;5;69= f1;2;3;4;5; 6g.

Dierence . Selecting dierence of one annotation retrieves all imageexcept
those that are members of the selected annotation. Di ereecof two annotations
retrieves the images that are members of one but not of the ah annotation.
When di erence of A, and B, is selected, items 1 and 3 are retrievedA,nB, =
f1;3;4,5gnf2; 4;5;,69 = f1,30.

Combinations of intersection, union, and di erence can be used. When thelon
of C, and E, is selected, and the di erence of this union an® , is calculated, items
3 and 6 are retrieved: C,[ Ea)nD, = (f3g[f 5;60)nf4;5g = f3;5;6gnf4; 59 =

f3; 6g.

3.1.6 Conclusions

All ontologies describe and relate entities in di erent wag, but still the boundaries of
the description power of any ontology remains the same. No ttexr what kind of formal
language is used in constructing an ontology or creating ques, the triadic pattern of
Firstness, Secondness, and Thirdness can be used to explain

Category tree is a very clear model for depicting the top-mobsistinctions of ontologies.

The principle of category tree can be intuitively understod by humans, which is why

ontologists have used it for centuries (Appendix C), and amcreasing amount of people
are using the principle all around the world in building frane-based ontologies, and in
retrieving information from the Semantic Web.
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3.2 Formal Ontologies

Today's modern formal ontologies that are used in computercence are examined in
this section. Section 3.2.1 discusses di erent sorts of foal ontologies and frameworks
and section 3.2.2 examines in detail the standard Semanticély ontology languages that
will be used in the case example in section 4.

Ontologies were taken in use in computer science to facilieaknowledge sharing and
reuse. Since the beginning of the nineties, ontologies hawecome more and more popu-
lar research topic investigated by several Al research commities including knowledge
engineering, natural-language processing, and knowledgpresentation. More recently,
the notion of ontology is also becoming widespread in eldsish as intelligent information
integration, cooperative information systems, informatn retrieval, electronic commerce,
and knowledge management. The reason ontologies are so papis in large part due
to what they promise and give: a shared and common understand of a domain that
can be communicated between people and application systef48].

Maybe the most popular de nition of modern formal ontology $ given in [63]: An ontol-
ogy is a formal, explicit speci cation of a shared conceptiliaation. A conceptualization
of some phenomenon in the world identi es and determines thelevant concepts and
the relations of that phenomenon.Explicit means that the type of the used concepts and
constraints are explicitly de ned, i.e., they suit for desabing also other phenomenons of
the same kind and are not constrained to some single 'real' @homenon.Formal refers
to the fact that the ontology should be machine readable. Heby di erent degrees of
formality are possible. The meaning of 'machine readableaonot be clearly speci ed,
but a formal ontology has to be stored in a digital format. Sharedre ects the notion
that the ontology is not restricted to some individual, but acepted by a larger group.
At the best, the group can include all the people and programa the world.

Basically, the role of ontologies in knowledge engineeriagd in software engineering is
to facilitate the construction of a domain model. An ontolog provides a vocabulary
or terms and relations with which to model the domain. Beca@sontologies aim at
consensual domain knowledge their development is often soperative process involving
di erent people possibly at di erent locations. People whoagree to accept an ontology
are said tocommit themselves to that ontology.
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3.2.1 Ontology Types and Frameworks

Depending on their generality level di erent types of ontabgies may be identi ed that

ful Il di erent roles in the process of building a knowledgebased system [58, 67]. In
practice, any information structure can be called 'an ontalgy': the table of contents

or introduction of this thesis, a back cover text of a book anabject oriented or other

kinds of databases can all be taken as ontologies, metadata,category tree structures.

There is not a widely accepted classi cation of ontology tygs, but some ontology types
can be distinguished among others. The following classi ttan is an example of an
ontology itself: ontology of ontology types where one ontfjy can belong to more than
one category®:

Representational ontologies and ontology frameworks provide representa-
tional primitives without committing to any particular dom ain. These kind of
ontologies do not express the exact purpose of the primitise but only oer a
framework that enables the usage of the provided represetitmal primitives. Well-
known representational ontologies are for example the FrarOntology [63], and
Resource Description Framework Schema (sect. 3.2.2). Jastructures are the
most common examples of representational ontologies. Eygverson who uses a
computer stores information in a class or folder structureAlso set theory, predicate
logic, and numerous other mathematical formalism can be tak as representational
ontologies.

Top level , upper, generic, general, core , and common-sense ontologies
aim at capturing human common-sense knowledge about eveaydlife, providing
basic notions about concepts like time, space, state, evemtc. [142, 51]. As a
consequence, they are valid across several domains and mleva basic, domain
independent vocabulary and object speci cations to be usess the basis of other,
more domain specic ontologies. Standard Upper Ontology 45] work group of
IEEE has been specifying a standard top level ontology sin2801. The objective of
the working group is to assist the development of ontologiesid advance knowledge
engineering in general by providing a common ground for mospeci ¢ domain
ontologies [113].

Metadata ontologies like Dublin Core [154, 28] provide a vocabulary or cate-
gories for describing the contents of on-line informatioresources in the Web.

Domain ontologies describe a reusable vocabulary of a given domain. Top level
ontologies may be used as the foundation of a domain-specobntology. Domain
ontologies can describe domains around happenings such asyery, ice-hockey,
wedding, promotion (sect. 4.1), etc.

Application, Method and task-specic ontologies Application ontologies
specify the vocabulary required to model a certain applicain, and provide the
base-structure of an application [18]. Application ontolgies and domain ontolo-
gies can be very similar in nature. Task-speci c ontologigzovide vocabulary and
knowledge used to solve problems associated to a certainkaMethod ontologies
provide the terms and knowledge to particular problem solag methods (PSMs).
Domain-task ontologies are task-speci ¢ ontologies wheittbe intended problem
solving covers problems only in a given domain area [41, 140]

B3This classi cation is based on [40] and on the sources that apear in the classi cation.
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Part of the research on ontologies is concerned with enviging and building technology
that enables a large-scale reuse of ontologies at a worldde/iievel [121]. In order to enable
as much reuse as possible, ontologies should be modular, #melmodules should have a
high internal coherence. This requirement among others ig@essed in design principles
for ontologies [62, 57, 150]. Assuming that the world is fubbf well-designed modular
ontologies, constructing a new ontology is a matter of asséfimg it from the existing
ones. For example, the&scalable Knowledge Compositigoroject [82] aims at developing
an algebra for systematically composing ontologies fromrehdy existing ones. It o ers
union, intersection, and di erence as the basic operationsHowever, combining two
ontologies is not so easily done as it may sound. There woul@ Imany problems and
guestions in creating a union even with two ontologies wrién in the same language.
There are so many di erent languages and intended usages oftaogies that there is a
long way to go before the information in many di erent kinds ® ontologies can be used
e ciently, and includes conversion between languages.

Ontolingua [38, 115] server provides di erent kinds of operations forombining ontolo-
gies: inclusion, restriction, and polymorphic re nement.Inclusion of one ontology with
another has the e ect that the composed ontology consists ttie union of the two on-
tologies (their classes, relations, axioms).

The SENSUSsystem [147] provides a means for constructing a domain speontology
from given common sense ontologies. The basic idea is to ueecalled seed elements,
which represent the most important domain concepts for iddifying the relevant parts
of a top-level ontology. The selected parts are then used darsing points for extending
the ontology with further domain speci c concepts.

Knowledge Interchange Format KIH87, 88, 53] is a language designed for use in the in-
terchange of knowledge among disparate computer systemsspibly created by di erent
programmers at di erent times in di erent languages, and sdorth.

The Foundation for Intelligent Physical Agents FIPA[42] has de ned ontologies to facili-
tate communication of agents: common norms are needed to blea reliable commercial
activity for example.

Three of today's largest formal ontologies are brie y disased in appendix C, and the
standard Semantic Web ontology languages are discussed thex

3.2.2 Semantic Web Standards

All standard languages explained in the proceeding are foalhrecommendations of the
World Wide Web Consortium W3C [158]. XML-based languages (2 8] play a major

role in describing on-line information on the Internet. Resurce Description Framework
RDF [95, 127, 128], an application of XML, is a general framerk for describing any
resources reachable through the Internet. An RDF descrith can include the authors
of the resource, date of creation or updating, the organizan of the pages on a site,
information that describes content in terms of audience orontent rating, key words

for search engine data collection, subject categories, asd forth. RDF enables sharing
information on Web sites and helps software developers toiliiproducts that can use the
RDF-descriptions to provide better search engines and dotries, to act as intelligent
agents, and to give Web users more control of what they are weg. As explained
in section 3.1.4, the principle of triads is applied in the wg basis of RDF. In RDF
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information is expressed in form of triples:Subject -Property -Value, of which all can
be URI's !

Subject:  http://www.example.org/foo.html
Property: http://purl.org/dc/elements/1.1/creator
Value: http://www.example.org/staffid/85740

Subject is a Web page that has values for a set of one or more proper-
ties, of which Property creator *® is under scope. TheValue of creator is
http://www.example.org/staffid/85740 . It is not important what the triples are
called, but as with Firstness, Secondness, and Thirdnesgalue is the intersection of
Subject and Property . Property creator is one aspect ofSubject, and Value is
what is common to both Subject and Property . Also other query languages can be
explained with triads: with SQL the clauseselect X from Y selects all values oK with
the given Y26,

The simplest Frame-basedSemantic Web ontology language is RDF Schema [21, 69].
RDFS is used to construct the promotion-ontology in sectiod.1 and is therefore exam-
ined more thoroughly than other languages. The table belowari es concepts used with
object-oriented programming languages and frame-basedt@ogy languages.

Programming languages Ontology languages

software development ontologization

programmer ontologist

class class, category, frame

variable property, attribute, slot, eld

object instance, individual

value of variable value of property, attribute, slot, eld

type of variable range or facet of property, attribute, slot eld

class that contains the variable domain of property, attrilite, slot, eld

The generic concepts of the RDFS vocabulary are calletasses Classes are organized
into conceptual hierarchies, just as explained in section13 For example, clas$lace
represents the generic category of classBsilding , Park , and Forest . Building is a
superclass of classeSpartment building  and Train station

Classes may haveproperties Successors inherit properties of their predecessors, ahd
Building has anarchitect, also Apartment building has an architect. Apartment
building can naturally have extra properties in addition to the inheited ones. Properties
have constraints that state what kind of values can a certaiproperty have. Such features
are sometimes called 'facets’. Alsmstancescan be created. Each instance belongs to
one or more classes and can have values for all the properikesned for its classes, but
the values can also be left unspeci ed.

14URI=Uniform Resource Identi er. The generic set of all names/addresses that refer to resources.
URL, Uniform Resource Locator is a subset of URI, an informalterm associated with popular URI
schemes: http, ftp, mailto, etc. URI's cannot contain empty spaces among other restrictions [149].

Bcreator is used as an abbreviation of http://purl.org/dc/elements /1.1/creator

16An RDF triple is logically equivalent to an SQL [61] table that has for example one row and two
columns. However, RDF is a more exible basis for Web ontolog languages because there is no need for
explicit tables or public and foreign key speci cations et cetera, and it is easier to share RDF databases
in the Web as plain text les because every RDF statement is a mdividual, which has URI pointers to
other statements.
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Figure 14 depicts an RDF Schema that corresponds t® > Place > Building >
Finlandia-House . The RDF statements in the gure are examined in more detailn

T

<rdfs:Class rdf:about="&Example;Place <rdf:Property rdf:about="&Example;name"
rdfs:comment="Any physical place" rdfs:label="name"

rdfs:label="Place" <rdfs:domain rfd:resource="&Example;Place"/:
<rdfs:subClassOf rfd:resource="&rdfs;Resource"/> <rdfs:range rfd:resource="&rdfs;Literal"/>
</rdfs:Class> </rdfs:Class>

<rdfs:Class rdf:about="&Example;Building"
rdfs:comment="Any building"
rdfs:label="Building"
<rdfs:subClassOf rfd:resource="&Example;Place"/>
</rdfs:Class>

<Example:Building rdf:about="&Example;Example_01"
Example:name="Finlandia-House"
rdfs:label="Finlandia-House"/>

Figure 14: A visualization of RDFS Class-Property-Instare relationship, where the
arrow points to the resource that is referenced by the sourcé the arrow.

the following. Character strings that start with '&" are abbreviations (or macros) of
accurate namespace URIs that are situated in the beginning the les that contain the
statements. RDF statements follow the XML syntax [127]:

<rdfs:Class rdf:about="&Example;Place"
rdfs:comment="Any physical place"
rdfs:label="Place">
<rdfs:subClassOf rdf:resource="&rdfs;Resource"/>
</rdfs:Class>

rdfs:Class indicates that this is a class-description, i.e., the type fathis resource is
rdfs:Class . rdf:about="&Example;Place" indicates that &Exampleis the URI of
the RDF Schema where the class is de ned, and the exact idemti of this class is
&Example;Place. As stated earlier, &Exampleis an abbreviation, when the full URI
could be something likehttp://www.MySchemas.com/Example rdfs:comment="Any
physical place" is used to provide a human-readable description of a resoearc
rdfs:label="Place" is used to provide a human-readable version of a resource reaamd
indicates that character StringPlace is the rdfs:label  of this class. rdfs:subClassOf
rdf:resource="&rdfs;Resource" indicates that this class is a subclass dResource,
the highest abstraction level of RDFS that corresponds theniversal type >. Top level
classPlace has a subclass:

<rdfs:Class rdf:about="&Example;Building"
rdfs:comment="Any building"
rdfs:label="Building">
<rdfs:subClassOf rdf:resource="&Example;Place"/>
</rdfs:Class>

rdfs:subClassOf rdf:resource= "&Example;Place indicates that classBuilding is
a subclass of clasBlace, and Building inherits all the properties of claslace.
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Properties are de ned in a similar fashion than classes:

<rdf:Property rdf:about="&Example;name"
rdfs:label="name">
<rdfs:domain rdf:resource="&Example;Place"/>
<rdfs:range rdf:resource="&rdfs;Literal"/>
</rdf:Property>

rdf:Property states that this is a property speci cation,rdf:about= "&Example;name"
gives an ID to the property, andnameis the rdfs:label  of the property. rdfs:domain
rdf:resource= "&Example;Place” states that classPlace and all of its successors have
property name rdfs:range rdf:resource= "&rdfs;Literal" states that the value-
type of this property is Literal , i.e., a character String. Properties can also exist
without belonging to any class, when the property has no donmaspeci cations. Also
sub-properties can be created with RDFS, which are used toespfy that one property
is a specialization of another. Instances can have values tbe the properties speci ed
for their parent classes, or inherited from the parent class' predecessors:

<Example:Building rdf:about="&Example;Example_01"
Example:name="Finlandia-House"
rdfs:label="Finlandia-House"/>

Example:Building states that the type of this instance is classBuilding , and
the name of the RDF Schema where the class specication can Heund is
Example rdf:about="&Example;Example _01" is the unique identi er of this instance.
Example:name="Finlandia-House" states that the value of this instance's propertypame
is "Finlandia-House". rdfs:label="Finlandia-House" again gives a human-readable
label for this instance.

Like with RDF, also RDFS is used by creating queries in tripkdorm, just as explained is
section 3.1.4. The goal in the below example is to retrieve iatlof URI's of all subclasses
of > of the schema in gure 14. In RDQL the queries are representad form subject
object and predicate’:

SELECT ?x
where (?x,rdfs:subClassOf,rdfs:Resource)

The result x is the ID of classPlace: &Example;Place.

17 Abbreviations are used. RDQL tutorials are available [130]
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RDFS provides simple modeling primitives that can be used iconstructing very simple
ontologies but more speci ¢ ontologies should be createdtwiother languages. There
have been several e orts to create languages that accommaelalescription logics and
have clear rules for semantics in using frame-based modgliprimitives. Most recent of
them are Web Ontology Language OWI[117, 107] andSemantic Web Rule Language
SWRL [148] that can handle multiple range, cardinality and othespeci cations of prop-
erties, total or partial equivalence and disjointness of akses (property inheritance), and
handling di erent sorts of sequences and collections. OIl114] and DAML [33] can be
taken as forerunners of OWL and SWRL.

As these new languages evolve, RDFS might be totally forgett as it is now since new
languages with greater descriptive power can be used to dealso simple ontologies.
It is possible to automatically modify an RDFS ontology intoa more complex one, but
doing the process vice versa includes a high degree of speation of additional rules,
for example in expressing sequences, and the process wowdd/éry impractical.

RDFS has a model theory [128, 95], but the semantics of RDFS any other ontology
language that should have domain-independent means to debe things will always
remain more of less unspeci ed. The semantics tellow the language should be used,
and speci cation of the semantics is essential to any langga paradigm because clear
semantics highly facilitates the creation of homogeneoustologies that can be e ciently
understood and reused across domain boundaries.

There are no clear rules about how classes, instances, andperties of RDFS should
be used. Instances can have sub-instances as well as clasaseshave subclasses, and so
category structures could be created by using only classesonly instances, or even only
properties that can be de ned for both classes and instancef\Iso instances, classes,
and even properties themselves can be values of properties.

Ontology languages arencomplete means to explain relations of things, and irrational
statements can be declared that follow the syntax and semaes of a language. According
to Gedel's rst incompleteness theorem(1931) [144], within any mathematical language
that can be applied to natural numbers, or with which can we aaperform operations on
natural numbers, are statements that cannot be proven to betker true or false. This
indicates that there is no sense in trying to create a 'perfémntology language because
there cannot be one. The semantics of ontology languageslwailways be more or less
unclear because it is impossible to de ne deterministic gielines about how to describe
all things in general.

Whatever means are chosen to create ontologies, it is alwaysod to remember not to
possess plurality without necessity, and to keep the systsnopen for possible future
needs. Ontologies created with XML and RDF-based languagase surely easier to keep
open than others since the syntax is commonly agreed and tledas a growing quantity of
parsers, editors, and other tools that can handle these. RDE a very exible and a good
basis for ontology languages because all types of entitiesnde represented and queried
in a similar fashion, which is not the case with traditional @étabase query languages like
SQL. The prevalence of frame-based ontology editors and the@opularity among users
suggests that the frame-based paradigm will prevail in theeld of ontology development.
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4 Case Study on Ontologization, Annotation, and
Retrieval

This section goes through creating and using a formal ont@y in practice. The section is
balanced between an individual case example and the genesie of the topic, i.e., there
are theoretical parts and case-dependent parts within thekt. Other projects of the same
nature have been executed and the results have been promgsjth34, 155, 99, 35, 123, 73].

The process of creating a domain ontology is examined rst isection 4.1. The created
ontology is used in annotating images in section 4.2, and iedion 4.3 the ontology and
the annotations are used with an image exhibition softwareThe English terms used
with the ontology and with the exhibition's user interface ae translated from Finnish.

4.1 Ontologization

Occam's Razor the most important guideline of ontologization has been
named after William of Ockham (c. 1285-1349), and gets easilorgotten
during the ontologization process:"Plurality should not be posited without
necessity" The ontologist should not use more concepts than are needkex
the cause of the ontologization e ort. The amount or possikl relations and
confusions rises exponentially along the amount of used cepts, just as in
real life: person X can check a friend's phone number from déphone cata-
log, ask it from the operator, check it from the memory of a male telephone,
Email a friend to ask it, who could again call another friend Wwo could again
call X to ask it.

The case is to ontologize a traditional happening of HelsinkJniversity called Promo-
tion. Promotion stands for the process where graduated mastemoctors, and other
promovendsare promoted to their titles. There have been promotions sie year 1643
in Finland. The tradition of Finnish promotions was copied fom Uppsala University
in Sweden where it came from France dating back to 13th cengur Today about all of
the Finnish universities that have promotions use more or $8 the same procedures as
in Turku almost 400 years ago. Dierent schools all around t world have the same
kinds of traditions with their graduation ceremonies: the ppmotor admits a hat and a
diploma to the graduated students.

4.1.1 Requirement Analysis

Ontology development has similar characteristics to sofave development in generdf.
After an overall project plan a software development projeaisually proceeds to require-
ment analysis. Requirement analysis should specify all ththe client requires from the
nal software product, and in many cases only those strict iguirements. The require-
ments of the client are de ned without taking a stand to the stiware or ontology itself.
The requirements specify what should be done, and the desigpeci es how it is done
[65]. In ontology creation, and as usually, this stage of therocess is especially impor-
tant. Domain ontologies expand very easily out of the domaihorders, which in the end

8The terms used with traditional programming languages and fame-based ontology languages were
described in the graph in p. 62.
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leads to unnecessary and time-consuming ontologizationtbe world. By staying within
borders of the requirement analysis the ontologist can coentrate on the essential prob-
lems and not consume time on thinking about what should be ihaed in or excluded
from the ontology.

In this case the client requirements were vague: "construet digital photograph exhi-
bition software about the promotion happening with a set of 80 photos.”" The main
factors that guided the ontologization were 1) the end usérsommon-sense requirements,
2) requirements of the client, 3) requirements of the appktion programmers, and 4)
common-sense and experience of the ontologist and domaiperts. The ontologist can
be seen as a medium who constructs the ontology objectivelgcarding to requirements
of the other participants. In reality the change of ontologit a ects the ontology. There
is not one and only rightsolution to most of the problems in ontologization processnd
there is always a pay-o in choosing the ‘'less bad' choice. Exy person has a slightly
di erent model of reality and a joint ontologization proces is an extreme example of a
situation where opinions of people can collide. When therg & problem about an opinion
with two of the participants it is useful again to remember te requirements and needs of
the other participants to solve the problem with a mature debte. A good ontologist has
knowledge of modern tools and principles and can take into @unt the requirements of
other participants without problems.

The ontology's life cycle speci cation is also important. flit is sure that the ontology
will be used with di erent systems for a long period of time, lhen the documentation
about the ontology's structure should be very exhaustive. Vth very simple ontologies
that are used only once the documentation might not be needed all. In this case the
ontology's structure changed so often that a literal docunmation was decided to be just
adequate for the programmers to use.

As a data storage an ontology contains structured informatin. The structure itself can
be formed in many ways and there is a fuzzy line between neddand unnecessary
paths of nding information even though the information woud remain identical. In
some cases even the existence of one very long possible patllangerous and can cause
problems in application programming, as usually with cyati nets. So, the overall goal in
ontologization, disregarding the domain, is to construct @ information structure with
only the necessary information in a compact form where all esgroups can nd every
bit of information as quickly and as easily as possible. In it case the ontology should
be able to describe all photos about promotion ceremonieskén place in the past or
in the future, and contain information about the history andthe present state of the
ceremonies.

4.1.2 Languages and Tools

RDF Schema (sect. 3.2.2) was selected as the implementatianguage of the ontology.
There was no need for a more descriptive language and the domeould be ontologized
up to an adequate degree with RDFS. The fact that RDFS was and ia W3C standard
also made it a good choice. A variety of ontology editors thatan import and export
RDFS are currently available [29] but when this project staed in the beginning of year
2002, Proege-2000 [124, 61, 126, 36] was considered as thost reliable choice and could
be taken easily in use. However, Proege does not supportutti-instantiation even today,
i.e., one instance can belong to one class only even though R®speci cation allows
multiple rdfitype 's for one instance. Proeg supports only multiple inheitance of
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classes, which is why classes were used instead of instamdeanever multiple inheritance
was needed.

To use RDFS ontologies with applications, methods for creiag queries and mapping the
results of the queries with a user interface are needed. JgB84], a Java-based [83] toolkit
for creating Semantic Web applications that supports RDFS as used. RDQL [130] (p.
28), a query language for RDF les comes with Jena but Jena cde used also directly
in an object-oriented fashion to create queries without RDQ) Perl [120] was used for
transforming and doing additional xes to the les containing the ontology in a textual

format. Changing something with an ontology editor might beslower than doing the
same thing with scripts. The typical nd-replace procedurs can be done with normal
text-editors but complex editing problems must be handled ith scripts!®. W3C RDF

validation service [129] proved also useful as well as RDFsualization tools [52, 131].

4.1.3 Prototype Process Model

The requirement analysis was unclear and new technology wasing used in the project.
The ontologization could not be divided into design and imgmentation stages, and
prototype model® [65, 101] was the only suitable process type. Usually theesits of a
software development project are concerned mainly with theoks of the user interface,
it being the part of the software that the end users see. In thicase however the ontol-
ogy's category structure was a fundamental part of the exhitoon software's information
representation structure and the clients participated in lhe ontologization. Figure 15
depicts a diagram of the used prototype model.

Acquirement of domain knowledd Building / refining prototype

Consultation of domain experts \ Consultation of programmers

\ Final ontology e Client evaluation |

Figure 15: The development model used in this ontologizatigprocess.

The process starts from acquirement of domain knowledge, gsibly with the aid of
domain experts. When new information is received the ontajtst can build a prototype,
possibly consulting the programmers. The prototype is theevaluated by the client to
decide how to re ne it. If client evaluation is not needed theontologist can proceed
by gathering more information that is added into the ontolog. The ontology can be
re ned also according to the client's feedback without acqting domain knowledge from
anywhere else.

The process goes on until the ontology is accepted by the die With more complex
ontologies the client acceptance is only a matter of how theformation in the ontology
is represented to the client but with frame-based ontologsethe category structure can
be clearly understood by a client who is not a software expert

The rst prototypical version of the ontology was construced in a couple of months
using textual summaries about the domain and some additiohaxplanations from the

19The following kinds of regular expressions can be speci ed ith Perl: "If there is a certain character
string X somewhere after<, and before the next>in a le, then replace X with another string Y".
200r the Evolutionary model.
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client. A prototype of the exhibition software that used theprototypical ontology was
also constructed. The prototype was introduced to the cliga who accepted the main
principles to be applied with the larger work.

4.1.4 Acquiring the Domain Knowledge

In the beginning of ontologization the ontologist does notdwve to think about the struc-
ture of the ontology itself but has to get acquainted with thesubject domain. It is
important rst to understand the domain before starting to create a formal ontology. If
categories and their relations are created before understing the domain it is probable
that logically wrong or not optimal choices are made, whichebds to unnecessary and
time-consuming extra repairing work later on. It is eventully less time consuming to
use time on nding a vast amount of source material (literalyvisual, audial) in the rst
place, than to always start again the process of searching fine literature when some
unexpected information is needed.

To make the ontology e ciently usable, reusable, and accept by the largest possible
group of users, the ontologist should search for and use thegsibly existing vocabu-
lary speci cations and other guidelines of the subject doma The vocabulary of the
domain has to be understood and accepted by domain expertsients, users, and the
programmers. The relieving thing here is that the categorytsicture of concepts facili-
tates understanding the meaning of terms that might othervgie be hard to understand:
predecessors and successors of an arbitrary categotydetermine the meaning oX (p.
15).

In this case, there was a short thesaurus that had been usediwall the material anno-
tated in the database of the Library of University of Helsink However, the thesaurus
contained only a fraction of the words that were needed to dasbe the domain and
most of the used terms were picked from the literature by thentologist and a rmed by
domain experts and clients.

The material used in the ontologization was based on histeal literature [92, 90, 9],
modern literature [66, 109, 94], some Internet sources [68]ient recommendations, and
on commemorative material about a few certain promotions $4 44, 45]. Also the set of
628 images with image texts that served as the visual conteot the exhibition guided the
process. Seeing what would be confronted in the annotatiotage made the ontologist
to create the ontology accordingly.

Several meetings were held with the domain experts who hadrpeipated to and ar-
ranged promotions. They reviewed the ontology and gave haito-hand knowledge up
to a degree when some questions were only a matter of opiniogtlween the domain ex-
perts. In these cases the ontologist fused the informationto a cohesive whole. However,
in the end the client had the nal word and the agreements madeith the programmers
(such as the annotation structure and top level classes) had be maintained because
changes in the ontology's structure would have caused majoralfunctions in the exhi-
bition software. By frequently consulting all the participants the ontologist managed to
get all the needed information into the ontology and the ontogy also got accepted by
all the participants.
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4.1.5 Selecting Top Level Classes

The process of constructing the actual formal ontology in RES can be started by select-
ing the top level classes. These classes answer to questidhat has to be described?"
while the rest of the ontology answers to "How is it describé&l It must be understood

that one top level class alone does not provide the neededarrhation to describe a single
photograph, but all the top level classes function as a whoks means to annotate and
retrieve the photos. The top level classes have to have theegtest contrasts to keep
them from representing redundant information. An overall dscription of the domain can
serve as the source material in this stage. The selection isret in a two-step process:

1. Picking up classes . Write down or underline the meaningful things that
clearly come out of the representation and are repeated indhtext more than
others’, excluding those that are already included, if any.

2. Occam's Razor. When you have identi ed some classes, look at them together.
Use the principle of triads and the has-test to create a hierehy of these classes
(sect. 3.1.4). Move back to step 1 until you cannot nd new clsses from the
presentation, or when the new classes suit only as subclasséthe already included
ones.

After repeating the steps 1 and 2, the overall top level clasgructure should have been
formed. The top level classes are depicted in gure 16. All éhtop level classes are

@Happenings

@Per‘Form ances, Performers, Creators, and Works
@Persuns, Rales, and Institutions

@Physical Ohjects

@ Places

@ Promotians

Figure 16: Promotion ontology's top level classes.

in contrast with each other and describe di erent sorts of tings relative to each other.
Performances, Performers, Creators, and Works is an exception because it shares
some successors Bersons, Roles, and Institutions  and Happenings : performances
are also happenings and performers have a role. The other tepel classes do not share
successorsPlaces collects the kinds of places that have a street addresBlaces could
be taken also a$hysical objects , but in contrast Physical Objects collects touchable
objects that are smaller in size than those collected ®laces, such as paintings, badges,
and rings that do not have a street address. AlsBersons can be taken asPhysical
Objects , but in contrast Physical Objects does not collect living beingsPromotions
collects information about the general characteristics @l erent promotions, such as the
date of the conferring ceremonies and the essential persamsl their roles. Promotions
could be taken as a successorldappenings , but Happenings collects only happenings
that occur during promotions in a hierarchy.

The obligatory requirement of the present class structuresithat it should cover the
subject domain so that every possible photograph about theochain could be placed

21 This technique is used with traditional software design.
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below one or more top level classes. If this can be done, it iIslypa matter of deepening
the structure to make it more descriptive. If the top level cGsses do not cover the domain,
more top level classes have to be created.

4.1.6 Working up the Ontology

All classes of the ontology represent the unchanging contiants (p. 18), the stable
structure of things relative to the promotion happening. A @rt of the instances are also
continuants, like those instances that describe the facuds and student clubs. Another
part of the instances describes the occurrents that are dirent in every promotion,
such as the persons who participate to promotions in di erd@nroles. The borderline
between the continuants and occurrents is however vague:etpromotor changes in every
promotion, but the same principal usually participates to nore than one promotions.
The top level classes of the ontology do not have direct instees, but have more speci c
successors that do have instances. If the class-instanceusture is seen as a tree, the
instances are situated approximately as the leaves of theet.

In the optimal case, once the classes have been selected therall hierarchy is ready
and only the properties of the classes have to be created lrefareating the instances.
In practice the class structure, properties, and their vake speci cations change during
the process. Even with nearly perfect design methods somettp usually has to be
reworked. Naturally, the structure of the annotation schera a ected greatly on the
ontology's structure. The annotation is discussed in dethin section 4.2 and for now it
is enough to understand that the annotation is done by linkig the classes and instances
of the ontology to photographs, in a similar fashion than inexction 3.1.5. The properties
(rdf:Property ) serve as the means to identify the instances in the annotatn process
and are used in semantic reasoning (sect. 4.3).

The lacking of tools to implement partial inheritance of prperties enforced the ontologist
to create a minimal set of properties: a class inherits all pperties of all its predecessors,
of which many can be useless for describing an instance, andrg values for all of the
properties can include redundancy in some occasions. On@dmand the lacking of partial
inheritance is a good feature: having very many propertiegquires more organizational
e orts from the ontologist, and it is good to keep the ontolog minimal. On the other
hand the partial inheritance would allow richer expressiveess, and if planned accurately,
would decrease the redundancy.

The lacking of multiple inheritance of instances that was da to the ontology editor
caused problems, and in many cases the things that would havtherwise been described
with instances were described with classes to be able to ptathem under more than one
class.

Creating new classes and properties walk hand in hand: doepraperty suit for a class
or does a class suit for a property? Top level clagdlaces serves as an example of
deepening the class structure. It has to describe all placesed in promotions up to
an adequate degree. The class is given three properties tltamme rst in mind: name
of place address and description of place The properties' value type is literal. The
ontology should be as simple as possible, which means thatraerty should suit for as
many classes as possible. Howeverame of placedoes not suit for any other top level
classes, no more thadescription of place A property's rdfs:label  should not bind the
property to a certain class only if it can be avoided. If it wold, there would eventually
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be very many properties such asame of happeningand name of physical objectetc.

To avoid this the rdfs:label s of properties are modi ed:name of placds changed into
label and description of placeinto description Only addressis left unchanged since it
does not need to belong to other classes th&taces.

Having the mentioned minimal properties in use, a total of 4Mstances (g. 17) are
created forPlaces based on commemorative material [43, 44, 45].

<@ Castle of Finland 1986
<> Castle of Finland 1994
<> Castle of Finland 2000

<@ Cathedral of Helsinki, inside 1985
@Cathedral of Helsinki,
<> Cathedral of Helsinki,
<@ Cathedral of Helsinki,
@Cathedral of Helsinki,
@Cathedral of Helsinki,

inside 2000

Senat Square facade 1994
Senat Square facade 2000
Union Street facade 1986
Union street facade 1994

<> Old Student House, Mannerheim Street facade 2000
@Restaurant Kaivehuone 1986

@Rastaurant Kalastgjatorppa 1994

@Rastaurant Kappeli 1986

@Restaurant Sipuli 1994

@Senat Square 1986

@Senat Square 1894

@Senat Square 2000

<> Union Street 1986

<@ Esplanadi Park 1985

@Esplanadi Park 1994

@Esplanadi Park 2000

<@ Finlandia House 2000

<@>Hotel Marski 1988

<IrKumtihti Field 1986

< Kumtihti Field 1994

<> Kumtihti Field 2000
<I>Mannerheim Street 1986
<I»Mannerheim Street 2000

@Old Student House, Ballroom 1986
@Old Student House, Ballroom 1994
<> Old Student House, hallroom 2000

@Umon Street 1994

<> Union Street 2000

@)University Main Building,
@)Umverslty Main Building,
@University Main Building,
@University Main Building,
@)Umverslty Main Building,
@University Main Building,
@University Main Building,
@)Umverslty Main Building,
@Univarsity Main Building,
@University Main Building,
@)Umverslty Main Building,

Festival hall 1986

Festival hall 1994

Festival hall 2000
Principal's room 1986
Principal's room 1994
Senat Square balcony 1994
Senat Square balcony 2000
Senat Square facade 1986
Senat Square facade 1994
Senat Square facade 2000
Senat Square vestibule 2000

@Old Student House, Mannerheim Street facade 1986 @Univarsity Main Building,
@Old Student House, Mannerheim Street facade 1994

student dinery 2000

Figure 17: Instances oPlaces. The value of propertylabelis shown.

The rdfs:label s of the instances t on one screen, and any user could nd theanmted
ones from within the others, but the nal exhibition would have a lot of more instances
and searching would then require browsing up and down in theser interface. This is
why there is now a need to deepen the class structure and creatubclasses faPlaces.
The instances of gure 17 describe buildings, streets, sq@s, and an island, and sub-
classes are created fdPlaces that describe all these. When both classes and instances
are thought as categories, the principle of triads and hags$t can be used again. The
instances of gure 17 are moved under the new classes in guté.

@Places
(CIBuildings (30)
@Islands (3)
@Squares and Parks {9
@Streets and Roads (5}

Figure 18: Re ned subclass structure dPlaces. On the right side of a class is an integer
indicating the amount of its instances.

There are still 30 instances undeBuildings
deepen the structure.

in gure 18, which causes a need to further
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The nal structure of Places is depicted in gure 19, where the instances dduildings
of gure 18 are distributed between the subclasses @&uildings according to their
characteristics.

':E?_'} Flaces '/'-I Carhedral of Helsinkl, inside 1986 — :
" I Cathedral of Helsinki, inside 2000 — —— i'f\lndoors
I Cathedral of Helsinki, Senat Square facade 1994—

Q @_.‘-Buildings {6} /./"
(T Cathedral of Helsinki (5) &=
=

-’E Old Student House () TR
ey " + = 2 : P
(Tl University Main Building (12} " Cathedral of Helsinki, Union Street facade 1994

. = ——=IrSenar Square facade
I- Cathedral of Helsinki, Senar Square facade 2000

 ——
% Gathedral of Helsinki, Union Street facade 1985 ——— = Union Street facade
-

f:c/.‘-lslands and Harbours (3)
"E"Squares and Parks (9)
(C) streets and Roads (5)

Figure 19: On the left side of the classes that have subclassg a ball-like symbol with a
line pointing either down or right. Right-position indicates that the subclass- structure
is hidden, and down-position indicates it is revealed.

Some Buildings are traditionally used in every promotion like University Main
Building , Old Student House , and Cathedral of Helsinki , which were given their
own classes. There are photos taken of places from di erenirections, which is why
instances describe di erent visual views of the places. Ingure 19 therdfs:label s of
the 6 instances belowCathedral of Helsinki  were changed, resulting in 3 instances.
There was no longer a need to tell that the instances descritiee Cathedral of Helsinki
with the rdfs:label . Any user could understand it because the instances are umdie
class that tells this information. Other information that was previously included with the
instances'rdfs:label s could be described with successors of the other top levelsdes:
the year was discarded from the end of theldfs:label s because the information about
the time comes by linking an instance of successor Bfomotions and Festive Ses-
sions (p. 40) with an image in the annotation stage. After the year as discarded some
of the rdfs:label s turned out to be identical, like the two instances withrdfs:label
'‘Senate Square facade'. In these kinds of cases only oneanse was maintained.

Now the class structure has been extended without adding neproperties toPlaces
or to its successors. In the nal annotation stage more instees were created, but as
assumed, they were centered on few speci ¢ places. The sarmmllof principle was used
with all the top level classes.

The previous example also concretized the usefulness of taegory tree approach. In

gure 17 the amount of character$? that were used to describe the Cathedral of Helsinki
was 256. In gure 19 the amount was only 2. And further, the annotator does not

even have to write any text, but can only select instances fno the ontology. The more

Images are annotated, the greater is the relative bene t.

4.1.7 Testing the Ontology

Before the testing stage the actual 628 photographs that weeto be annotated did not
directly a ect on the structure of the ontology. They howeve served as a perfect material
in testing the ontology. If the ontology is not tested befor¢he actual annotation starts,

unpleasant changes might have to be made to the ontology dng the annotation process.
The changes might make the previously made annotations p#rtor totally useless and

22The total amount of characters in the instances'rdfs:label s.
23\When the amount of characters in therdfs:label  of classCathedral of Helsinki  is also counted.
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the annotator/ontologist would then have to keep a memo of fisequent annotations and
changes, which could easily lead to an unsolvable mess with the classes, instances,
images, and their relations.

During the testing many unexpected things had to be descride which again raised a
need to rework the ontology, mainly by adding new classes,stances, and properties,
but also by removing or combining the useless ones. The teggiitself is straightforward.
Images are annotated and two things are observed (categariggain denote both classes
and instances):

Can the present category hierarchy describe the photogragihphysical elements
(sect. 1.2) accurately enough? One category alone shouldt wescribe too wide
concepts or too many images. If this is the case the hierarckljould to be extended.

Is the hierarchy too precise? When some categories are noedst all they should
be deleted or combined with other categories. When two or n®icategories de-
scribe very similar things they should also be combined intone, following the
triadic principle (sect. 3.1.4).

It has to be analyzed somehow just how deep and descriptiveetitategory structure
should be or if it is already good enough, keeping in mind theequirement to keep the
structure minimal. If there are as many categories as photasis quite clear that the

structure is too deep. If there is only one category and huneds of photos the structure
is too shallow. The answer lies somewhere in between.

One way to analyze the soundness of the structure is to measuhe relative change
The amount of categories is relative to the amount of photoshey describe. A certain
percentagex of the photos can be annotated, reforming the category strwge to be
optimal for describing these. Then anothex% of the photos is annotated. If the
structure has to be changed as much as it changed with the rst%, then something is
wrong with the ontology, or the photos are very heterogenesu If the structure changes
less than with the rst x% the ontologist is probably on the right course.

Let | denote the amount of new images and C the amount of new categories. In the
general case, in the beginning of ontologization the amouat categories can rise almost
linearly relative to the amount of annotated images: | C. When | is big enough
it aects Conly to a logarithmic degree: C log( ). This is quite natural: the
more images are annotated the more words or categories areded to describe them,
but no matter how many images are annotated they all can be dathed with a nite
set of words or categories.

4.1.8 Analysis of the Created Ontology

The ontology's nal formation is analyzed one top level clasat a time in the following,
apart from Places that has already been analyzed. Some conventions have to bsed
in order to clarify the explanation of classes, propertiegnd instances:

The references to the RDFS speci cations such adfs:label andrdfs:range are
typed in typewriter font , as well as some speci cations of the ontology editor.

The rdfs:label s of classes are typedh bold font and those of properties in
italics.
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When term 'category' is used it can denote both classes andstances, but not
properties.

The following phrases mean thaK is a subcategory ofY : "X is placed underY ",
"X is created forY", " Y hasX".

Let the meaning of the following phrase be clari ed: "succesrs ofX are values of
successors of ." ClassesX andY and their successor classes can all have instances.
Y can have or can have inherited properties from its predecess. One or more

of these properties take instances of cla¥s, and instances oX 's successor classes
as values. Also, when "propertyp takes successors of as values”, thep can have

all instances ofX and all instances of all successor classesXofas values.

The value of rdfs:label  of instances is based on sommlf:Property de ned
for the instances' parent class. The value of instancesifs:label  could not be
asserted directly because of the ontology editor. For exatep property labelis not
the same agdfs:label that belongs to every class, property, and instance; only
the value ofrdfs:label  can be set to be the value of propertyabef*.

Figure 20 explains the visual representation of classes aptbperties that is used from
now on. A line is drawn between the properties and the classahthe properties are
de ned for. The blue Son the left side ofperson in roleindicates that the rdfs:domain

of property person in roleis classEssential Roles . White Sindicates that the property
is inherited from a predecessor class &ssential Roles . Names the rdfs:label  of

Mame | Type | Cardinality | Cther Facets

@ Essential Roles

rde!lDDE‘|@person_in_role Instance required single classes={Persons}

@description String single

Figure 20: The style of representing classes and propertie§he bottom dash _ in
property name is due to the convention of the ontology editor

the property. Typeis the rdfs:range of a property, that is either String (= Literal )
or Instance with all the top level classes and their successor®ther Facets indicates
the rdfsirange of the property when the value type isinstance . In gure 20 the
rdfs:range  of property person in roleis classPersons, and soperson in rolecan have
only successors dPersons as values. Therdfs:label that is on the left side ofperson
in role indicates that the value that is given toperson in roleserves as thedfs:label

of instances ofEssential Roles 2°.

Cardinality is either single or multiple and indicates how many values argperty can
have, or has to have. This OIL/OWL (sect. 3.2.2) feature was ot included in the
nal RDFS-ontology that was used in the exhibition, but was sed occasionally in the
ontologization and annotation stages. The same goes witaquired that speci es that
this property must have a value, when without the explicit spci cation the value would
not be obligatory.

24Value of property name was the value of the instance'srdfs:label  in g. 14 in p. 27.

25property person in role takes successors d?ersons (p. 41) as values. Therdfs:label of successors
of Persons in based on propertyname of person and so also therdfs:label  of successors dEssential
Roles is based on the textual value ofname of person
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Promotions and Festive Sessions

Every photograph is connected to a certain time and place. Ea though in most of the
cases the date (day, month, year) of the photographing proge was known the needed
accuracy of time speci cation is in the level of single promimns, represented by property
date of conferring(g. 21), that served also as therdfs:label  of the instances. It is
more important to know that a happening occurred duringGarland binding day
(successor oHappenings ) in a promotion arranged in year x than to know that it

occurred in the 11th, 12th, or 13th of June for example.

Mame Type Cardinality Other Facets
§|amount_of_doctor_promovends String single
§]amount_of_honorary_doctors String single
8§l conferrer Instance single classes={Promotor}
rdfs:label |  §ldate_of_conferring string single
8 description String single
§|doctor_promovends Instance multiple classes={Doctor}
§|honorary_doctors Instance multiple classes={Honorary Doctor}
Slorderby String single
§|prometion faculry Instance single classes={Premoticn Faculties}
§luniversity Instance single classes={Historical Names of Helsinki Unit.
Slushers Instance multiple classes={Usher}
(ClPromotions and Festive Sessions Hame ‘ Type | Cardinality | Sther Facers
(CiFestive Sessions Slordinal_number_of this_facultys festive  String single
@ (©Promotions by Century Sl place_of_happening Instance single classes—{Places}
(ClPrometions in 17th century
(@ Promotions in 18th century MName | Type | Cardinality | Other Facets
(@ Promotions in 19th century §labsent_promovends Instance multiple classes={Essential Roles,Croups}
(@ Promotions in 20th century §|amount_of_master_promovends string single
(@ Promotions in 215t century §lamount_of_triumph_doctors String single
§]amount_of triumph_masters String single
'] father_of_general_garland binder Instance single classes={Father of General Garland Binder}
§lfirst_comissionaire Instance single classes={First Commissionaire}
§lfirst_marshall Instance single classes={First Marshall}
8] general_garland_binder Instance single classes={General Garland Binder}
§lgratist Instance single classes={Grarist}
§|master_promovends Instance multiple classes={Master}
§|members_of_promotion_committee Instance multiple classes={Premotion Committee}
'8 mother_of_general_garland _binder Instance single classes={Mother of General Garland Binder}
Eofficia\,\anguagas String multiple
8§l ordinal_number_of_this_facultys_prome..String single
8§l participating _previous_general_garland...Instance multiple classes={General Garland Binder}
8l participation_fee_absent String single
§lparticipation _fee_avec String single
§lparticipation _fee_for_ceremony String single
§lparticipation_fee_solo String single
§lprimus _doctor Instance single classes={Primus Daoctar}
§lprimus_master Instance single classes={Primus Master}
§|second_marshall Instance single classes={Second Marshal}
§ltriumph_doctors Instance multiple classes={Triumph Dactor}
8] triumph_garland_binder Instance single classes={Triumph Garland Binder}
§ltriumph_masters Instance multiple classes={Triumph Master}
Blultimus_doctor Instance single classes={Ultimus Doctor}
Bl ultimus_master Instance single classes={Ultimus Master}
§lused_unofficial_languages String multiple
Slushers Instance multiple classes={Usher}

Figure 21: Structure ofPromotions and Festive Sessions.

The timely ordering of Promotions goes rst by centuries represented by classes. The
classes have instances that describe single promotions ttimecurred during the corre-
sponding century. Festive Sessions describes promotions where the promovends are
promoted to their titles in a less ceremonial way. Every progrty of every instance was
not given a value, but with all the instances at leaspromotion faculty, university, and
date of conferringwere given values. There can also be several promotion ceosnes
during the same date, which raised the need to distinguish g@rate promotions from
each other by other means. Alspromotor and general garland bindervere given values
if these could be found from the used literature.

Most of the properties were not used in the exhibition but the were very useful during
the ontologization and annotation processes. The instarcdescribe essential information
about single promotions and the ontologist could easily chle out information using them.
Without these instances the ontologist would have had to clek out the information from
books, papers, and other sources, which is much slower tham ¢heck it with a couple
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of mouse clicks having the needed information present at @lmes when the ontology
editor was open. Successors Bfomotions and Festive Sessions  were linked to about
95% of the images in the annotation, which is more than with gnof the other top level
classes.

Persons, Roles, and Institutions

Persons, Roles, and Institutions  collectsPersons, Essential Roles , Groups , and

Institutions  (g. 22). There were altogether 507 persons annotated in th&ystem. All

names of the persons could not t on one screen and the classusture needed to be
extended to avoid up-down scrolling in the Ul. Subclasses, B, C, ...,O were created
to describe persons according to the rst letter of their fanty name. An alphabet does
not suit as a subclass oPersons in a philosophical sense but it is very intentional and
intuitively clear to nd a person by the rst letter of family name: predecessors and
successors of an arbitrary categor)X determine the meaning oX (p. 15). To increase

@ Fersons, Raoles, and Institutions ———— Name | Type | Cardinality | Other Facets

@ (Tl Groups 8| description String single
(T Audience Slorderky String single
& (C) Church Staff
Mame | | |

Type Cardinality
[ @ Invited Guests

Other Facets

E-@ Officiants E‘(ﬂrmE(tad_to_wh\(h_pmmut\uns Instance multiple classes={Promotions and Festive 5
. E‘gram(ed_ti(le String multiple
@Promo(lun Committee E‘Joh_t\tla String single
@Prumovend Committee E‘Iabal String single
 ©promovends Slperson_in_rale rdfsilcbel Instance required single classes={Fersons}

@ (C) Doctor Promovends
©Ductur"
@Hanorary Doctar
©Primus Docmrr'I
@Trlumph Doctor
(C)ultimus Doctor™

(3 @Master Promovends

M

MName Type Cardinality Other Facets

it M
%3::::" correspondmg,student,c\ub Instance single classes={5tudents' Clubs}
@Penulmmus"
@Primus Mas':ar'“I
(©) Triumph Master™
©U\timus Mastert
@ (C) Sword Grinders and Garland Binders
E‘@)ur\ivarsi':y sraffM
@ (C) Ushers MName Type Cardinality Other Facets
] @Essem\al Ro\es—-—"__f’,connac(ed,(o,wh\ch,pr’umut\ons Instance multiple classes={Promotions and Festive 5
@Chanca\lur" granted,t\(la string multiple
©Dean" E‘Job,tltle string single
(C)DocrarM rdis:label [8]person_in_role Instance required single classes={Persons}
(ClEarlier General Garland Binders M
@Father’ of General Garland Binder™
@Flrst Marshall M
(C) Garland Binder Men M
(C) Garland Binder Women
(C) General Garland BinderM
(C) Gratist M
@Honorary DoctorM
@Master"
(C)Mother of General Garland Binder™M
(C)pedellM
(Tl penultimus ™
@Pres\dent"
@Prlmus DoctorH
(C)Primus MasterM
(C)principal M
(C) Professorf Name Type Cardinality Other Facets
(C) PromotorM ] connected _to_which_promatiens Instance multinle classes={Promotions and Festive Se
©Secm’|d Marshal M Edata_m’_hirth String single
@Tr\umph DoctorM Edata_uf_death String single
@Tr\umph Garland BinderM Efami\y_name_prefix String single
©Tr’\umph MasterM E‘Fathar Instance single classes={Persons}
©Ult\mus poctarM E‘marriad,(o Instance single classes={Persons}
©Ult\mus Master™ Emother Instance single classes={Persons}
@V\ce Principal™ E‘name,of,per;an rdfs:label String required single
&@Persans E‘chermames string multiple
? ©‘”5“t““°"_5'__—_‘————- Name Type Cardinality | Other Facets
& Delegations rdfs:label Sllabel String multiple

@ (&) Faculties
(C)Historical Mames of Helsinki University
(C) student Clubs
() student Unions

Figure 22: Structure ofPersons, Roles, and Institutions . Mon the right side of a
class indicates that the class has more than one superclass.
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the philosophical soundness of the class structure an extciass could have been added
betweenPersons and the alphabet-classes, such &ersons categorized by the rst
letter of the family name , but that would not have been intentional and would have
caused an extra mouse click every time a user wanted to nd art&n person through
classPersons. The division to alphabets could also have been programmeu the Ul
of the exhibition software, but the nal result would have aryhow been more or less the
same.

Values of propertyname of persorserve as values of thedfs:label of the instances. The
values were given in formfamily name 1st name 2nd name nth nameThere could
have have been distinct propertiesamily name, rst name, second namemostly used
rst name, nickname etc., but then the programmers would have had more work in
knowledge representation. They should have had to connegt to six or more name- elds
to reveal one name. Some persons havdéamily name pre x like 'von', or 'af'. This was
added separately to the name that was shown in the exhibitiom order to have correct
alphabetical ordering of the persons' names. Propertyther nameswas created because
of maiden names and other possible changes of name. Promg=mnother and father were
created to support semantic reasoning (sect 4.3.1); moth&ather relationships are alone
su cient for creating an exact family tree assumed that all @rticipants in the chain of
mothers and fathers are known.

Essential Roles collects di erent roles of persons that appear in more or Iesevery
promotion. Many persons participate to more than one promatn during their life in

di erent roles: person in roleallows one person to have many roles, and many persons
can have the same role during one or more promotions. Thefs:label of instances
of successors dtEssential Roles was based on thedfs:label  of the value ofperson

in role, which in the end was based omame of person Property connected to which
promotions facilitated the organizational e orts of the ontologist who could check to
which promotions a certain person or a person-role had paripated to. Properties
granted title (e.g. counselor, Ph.d.) andob title (e.g. managing director, researcher)
indicate the social status of a person during the promotion.

Groups collects subclasses dEssential Roles in a hierarchy. For example, Pro-
movends is subcategorized intoMaster Promovends and Doctor Promovends ,
and their subclasses are also subclassesEgkential Roles . Groups collects also rel-
atively rare roles that naturally are not subclasses dEssential Roles . Groups also
describes photos where are people whose identity or a speaiole is unknown. If there
was a group of promovends in a photo with unknown identitiesra it would be un-
clear which kinds of promovends they were, then the photo wimlibe linked directly to
classPromovends . The same principle was used with all successors®foups . If an
instance was needed to describe this kind of group, properlgbel would serve as the
rdfs:label , and not the person in rolewhich would be unknown.

Institutions  collectsDelegations , Faculties , Student Clubs , Student Unions , and
Historical Names of University of Helsinki in a hierarchy. Successors dhstitu-
tions were used as values of some successor®@motions and Festive Sessions
and Physical Objects .
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Happenings

Happenings collects happenings of di erent nature together. All sucssors ofHap-
penings have exactly three properties as depicted in gure 23. Therare two or more
paths to every bottom-most successor ¢ddappenings in Sequence that collects hap-
penings in a sequential hierarchy. The other subclassesHdppenings classify succes-
sors ofHappenings in Sequence based on the type of happeningsAudial Perfor-
mances, Dance Happenings , Dining Happenings , and Processions. Uno cial

and Rare Happenings is an exception because its successors are not successors of
Happenings in Sequence .

() Happenings Name Type Cardinality
@ (C)Audial Performances™ [S]description String single
% (T Musical Perfarmances rdfs:iabel [8]1abel String single
© (C) Ceremany Day Music Perfarmances [Slordersy String single
@ (C) Dance and Excursion Day Music Perfformances

© (€} Flora Day Music Performances
(C) Garland Binding Day Music Performances
9 (C)Rune Reciting
(€ Rune Reciting of Pramation Ceremaony ™
\@‘RL‘“& Reciting of Pramation I:virmerH
9 (Cispeeches
@ (C) Ceremany Day Speeches
@ (€) Dance and Excursion Day Speeches
& (C) Flora Day Speeches
@ (C) Garland Binding Day Speeches
@ (Cipance Happenings
¢ ©eal
(€) Dances of Excursions ™

(€} Garland 8inding Day Ball
(€ Mightly Dances
© () promorian all™
(©)Dance Rehearsals™
@ (C) Dances
@ (€ Dining Happenings
C ance and Excursion Day Dinner
lora Day Lunch™
©(C) Garland 8inding Dinner™
() sramotian Dinner™
&‘F" Sword Grinding Dinner

M

M

€ Tonst
@ (ClHappenings in Sequence
© (0 Act Day
] C) Dance and Excursion Cray
e (ClExcursion
L ‘- Nightly Precessicn and Statue Tour™
© () promatian gall™
e iy
and Binding Day
() ions
@=(C)Unofficial and Rare Happenings

Figure 23: Structure ofHappenings .

The happenings have had a relatively stable sequential ordley in promotions through-
out the years: the four happening days are subclassesHdppenings in Sequence .
Act Day , Dance and Excursion Day , Flora Day , and Garland Binding Day  col-
lect more condensed happenings that occur during those dagsd so on. In addition to
the hierarchy, the sequence of the happenings was speci eg using the ASCII ordering
[7] of the value of propertyorderBy that was de ned for all classes and instances. When
two categoriesX and Y have the same supercategory, and the happening described by
X occurs before the one described by, the value of X's orderBy is for example char-
acter '1', and Y 's character '2'. The ASCII order of '1" is lower than ASCII oder of '2',
and soX is revealed higher, or earlier to the user. This method is ageate to specify
simple sequences but is not enough with more complex onesglsas with overlapping
sequences. About two weeks of work of the ontologist and theogrammers was wasted
on experimenting too complex solutions to implement the sagntial ordering, when the
solution was eventually very simple.

Audial Performances is rst subcategorized along the type of the performance. Evy
audial performance in promotions belongs thlusical Performances , Rune Reciting
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or Speeches. There are lots of di erent Musical Performances in all of the four main
happening days, and sMusical Performances was subcategorized based on those.
There are also lots of speeches in every happening daySgeeches was subcategorized
like the Musical Performances . There are however only two occasions where rune
reciting usually takes place, and it would have been unnesasy to have categories for
all four happening days. This is whyRune Reciting is subcategorized based on the
name of the happening where the reciting takes place.

Dance Happenings was a bit unclear categorizing e ort. It is subcategorizednto
Ball , Dances, and Dance Rehearsals . Garland Binding Day Ball was named
after the day it takes place, butPromotion Ball , Nightly Dances , and Dances of
Excursion all take place during Dance and Excursion Day . Creation of an extra
class,Dance and Excursion Day Ball , would have anyhow been unnecessary because
there are altogether only four ball-happenings, and no bafiappening occurs duringAct
Day or Flora Day . Dances was also a trouble spot. It describes the dances that are
usually danced in promotions, but dances are not happening$lacing Dances as a
subclass ofDance Happenings was again a pay-o case where an easy optimal was
reached by letting intentionality override philosophicalsoundness. It would not have
been intentional to makeDances a top level class, andDances would not suit as a
subclass of any other top-level class. However, a user card Bances by navigating to
Dance Happenings , but the user might be misleaded because the rst selectiorah to
be Happenings .

Dining Happenings was subcategorized based on the o cial names of the dining pa
penings, or on the happening day if there was not an o cial nam. An exception is
Toast 2° that describes all the toasts in promotions. Processions is subcategorized
based on the names of the places where the processions arelingato. Uno cial and
Rare Happenings is subcategorized simply by the uno cial name or descriptio of the
uno cial happening.

Physical Objects

Physical Objects (g. 24) appeared to be the most problematic top level classi
sense of the philosophical soundness of the class structurecause the concept 'physical
object' covers everything except abstract things (sect. B.3). All Physical Objects
have the basic propertieslescription, label and orderBy.

Assorted Objects collects objects with divergent nature. The only successarf As-
sorted Objects with extra properties is Paintings and Photo Albums that are
situated in Places and have Artists as manufacturers In some sense photo albums
belong to Printed Matter , but since these photo albums were manually constructed
in the early 20th century, they do not belong toPrinted Matter . This indicates that
Printed Matter  collects only things that are automatically printed in a printing house,
an information stated also by the classtdfs:description

Flags, Marks, and Badges collects all physical objects that identify institutions and
show persons' rank, role, or any kind of granted or inheritedocial status. There are
lots of traditional Decorations , Flags, Seals and Heraldic Symbols , and Badges
visible in promotions. Ushers' Ribbons have from one to ve colors, andUshers
belong to dierent Student Clubs . Flowers bring color to promotions, as well as

26A toast is a drink that is proposed to honor someone or sometlnig.
44



(€ Physical Objects Name Type Cardinaliry
@ (C)Assorted Objects [Sldeseription String sinale
(E) Garland Binding Material rdfs:label [S]1abel String single
@ (C) Gift Articles [8] orderey String single
(CiHonor Carrial Chair
(CiPaintings and Photo Albums

Name Type Cardinality Other Facers

(GlRed Carpet [S]manufacturers Instance multiple classes={Artists}
(E) Sward Grinding Stone [Blsituated_in Instance single classes=(Places}
@ (CIFlags, Marks and Badges
(Tl Decoration
@ (©iFlags
(© Finnish Flag
(© student Club's Flags

Name Type Cardinality | Other Facets
/Ecm’raspﬂnding_s(udem_c\uh Instance single classes—{Student Clubs}

(C)student Uniens' Flags
(ClPrometion Committee's Badges M
(Ciseals and Heraldic symbols

@ (Cisymbols of Academic Rank

(C)Academic Ring

(C) Doctor's Bible

(Tl Doctor's HatM

(T Doctor's Sword

Name |__Type Cardinality | Other Facets
[8]corresponding _student_unioninstance single classes={Student Unions}

(CIEngineering Student Cap M
(C)Master's Garland M
(Cipileus™
(CProfessor uniform
(C)Prometion Book
(T student cap™

@ (Cisymbols of Office

@ (D Ushers' Ribbons ——————— | Name | Type | Cardinality

(E) Student Clubs’ Ribbons Slcalour_of ribbon string single

\

(©Flovers Name Type | Cardinality | Other Facers
¢ ©HeadgearM 8| corresponding_student_club  Instance single classes={Student Clubs}
(C) Comissionaire CapM
(CiDector's HatM
(ClEngineering Student CapM
(C)Master's Garland M
(Cipileus™
(Cistudent capM
@ (Tl Printed Matter
(Tl Chancellor's Permit
(CiDiploma
@Drawmg
(Thinvitations, Tickets, and Brochures
(C)Memorial Publication
(CiPrometion Invitation
(CIRune Books
(C)summon Book
§ (Tl sculptures Name Type Cardinality Other Facers
(C)statue [S]manufacturers Instance multiple classes={Artists}
@ (T} vehicles [S]situated_in Instance single classes={Places}
@ (C)Clethes and Dressing
@ (CiClathes
(CIDressing Instructions

M

Figure 24: Structure ofPhysical Objects

subclasses offeadgear , of which many are also subclasses 8fmbols of Academic
Rank and Symbols of O ce . Sculptures have manufacturersand they aresituated
in di erent Places. Dierent kinds of Vehicles are used in promotions, such a€ars,
Ship s,Tram sBusses, andHorse Wagon s.

Clothes and Dressing was rst a top level class but it was forced as a subclass of
Physical Objects due to its small size.Clothes and Dressing was changed several
times during the process. FirstClothes was subcategorized intdCo-ordinated Out-

t that stands for complete out ts like dinner jacket and tail aat, and into Garment
that stands for single garments.Garment was again subcategorized inttJpperPart
and LowerPart , as recommended in ICOM standard [75]. The subclassesUpper-
Part and LowerPart were categorized into general types based on which parts bkt
body they cover. Later that categorization proved to be too@mplex and the result was
to subcategorizeClothes into Headgear that has many subclasses, and to set all the
other clothes as direct subclasses Gfothes . Dressing Instructions  are notPhysical
Objects or Printed Matter  even though they can be printed on a paper, but a user
can intuitively nd Dressing Instructions through Clothes and Dressing Instruc-
tions . The problem is that it is unusual to search for dressing ingictions starting from
Physical Objects
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Performances, Performers, Creators, and Works

Performances, Performers, Creators, and Works (g. 25) was constructed in
course of providing an interesting view to the exhibition fopeople who are interested
in performances and about things strongly related to perfarances. Photographs about
di erent performances constituted also a large part of alllte photos to be annotated.
The class hierarchy consists mainly of successorsHdppenings and Groups . The
only subcategory ofPerformances, Performers, Creators, and Works that is not
a successor of any other top level classHseces of Work .

@Peﬂ‘ormances, performers, Creators, and Works —m8 —— MNatme | Tyne | Cardinality
§ () Audial Perfarmances M Bldescription String single
@ (CiMusical Perfarmances rdfs:label §]label string single
@ (C) Ceremony Day Music Performances Slordery
B—@Danca and Excursion Day Music Performances
@ () Flora Day Music Perfarmances
@Garland Binding Day Music Performances
(o3 @Rune Reciting
@Rune Reciting of Promaticon Caremuny"
@Rune Reciting of Pramaotion DinnerM
@ (Cispeeches
E'@Caremﬂny Day Speeches
&@Dance and Excursion Day Speeches
E'@Flora Day Speeches
&@Garlaﬂd Binding Day Speeches
@ (C)Creators of Works
() Composer™ \“- Name Type Cardinality Other Facets
©P°E(M E:onnec(ad_to_wh\ch_pr’omut\ons Instance multiple classes={Promotions and Festive Se:
(Ervisual ArtistM §|granted _title String multiple
(ErwrirerM Sliob_title string single

§ (D Performers M rafs:iabel 8] person_in_role Instance required single classes={Persons}
@ (CiMusic Performers

@ Chair r___,——-———'{_'_,) Name ‘ Type ‘ Cardinality | Other Facets
@ (T Musician §lbelongs_rog

roup Instance multiple classes={Performers}
(C) Leader of Choir and Orchestra

@Orgamst"

String single

(C)Rune Reciters

@Pianist Mame | Type | Cardinality | Other Facets
@Orchestra S|composer Instance multiple classes={Composer}
Name | Type | Cardinality | Other Facets
P f Wark S
? %)CS::ES i ?r E‘p\aywr\ght Instance multiple classes={Writer}
ampositon

© Cantata Compaosition

Name | Type ‘ Cardinality ‘ Other Facets
(€ Hymn §lauthor Instance multiple classes={Faer Writer}
(E/Play Bllyric_language string multiple
@ (ClPoems and Lyrics 8] lyric_text String single
©Cantata Lyrics
@Cmngratu\atimns and Greetings MName Type Cardinality Other Facets
©Fest|ve Pgems e Ecanta{a_composiuon Instance single classes={Compositon}
(ClPromotion Cantata 8 cantata_lyrics Instance single classes={Paems and Lyrics}

Figure 25: Structure ofPerformances, Performers, Creators, and Works

Audial Performances are performed byPerformers . Performers perform Pieces
of Work that are created byCreators of Works . This way the structure describes dif-
ferent aspects of performances. All subclassesQyeators of Works —are also subclasses
of Persons, Roles, and Institutions > Groups > Invited Guests > Artists

Conclusions of the Analysis

The whole process of ontologization and annotation took leshan four months, but the
structure of the annotation schema (sect. 4.2) was nalizedhen there was only a couple
of weeks left for the ontologization and annotation. The arwtation schema concretized
the usage of the ontology and made some resolutions too compland useless. This
lead to removing many classes, properties, and instancesorFexample, in the early
stages of the ontologizationAudial Performances had property performed by but
it was discarded because the same information was obtained Inking an instance of
successors dPerformers directly to an image in the annotation stage.

The result was a simple RDF Schema that still had many propeds that were not
used with the exhibition (sect. 4.3). The top level classed the promotion ontology t
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describing happenings of very divergent natufé. All happenings occur in some place(s).
Traditional happenings naturally have a long tradition, ie., they happen in a yearly basis,
or follow some other period. Persons in di erent roles pattipate to happenings, and
the happenings have subhappenings. There are clothes anetphysical object present
in happenings, and happenings have performances and pemiers who perform pieces
of work. The similar kind of top level class structure with tke properties can be used
in ontologization of happenings in general, and also many Istlasses of the top level
classes suit for describing happenings in general. In a nogdl, the highest levels of
the hierarchy are the most domain-independent, and the lowdevels are more domain-
dependent. This is very natural and the same kind of phenomen can be seen with
more or less all frame-based or category tree-based ontaésy

4.2 Ontology-Based Image Annotation

This section examines structure-based annotation with frae-based ontologies, continu-
ing sections 2.3 and 3.1.5. Section 4.2.1 discusses how thectation process needs to be
guided and constrained by the annotation system in generael. Section 4.2.2 explains
the schema that is used in annotating images with the proman ontology, providing a
case example of annotating one image.

The properties of frame-based ontologiegdf:Property ) are again called elds just
as with the eld-based and structure-based paradigms in s@@n 2. Every annotation
schema must have at least one eld where the annotator can i values. The values
of the elds are selected from a category tree. Both classesdainstances of frame-based
ontologies are again calledategories the dichotomy is useless from the annotator's point
of view since both classes and instances of RDFS can have s&mds of elds and same
kind of values for the elds. A category tree that is used in decting values for a eld
can denote a set of distributed ontologies, a set of brancheta single ontology, or any
combination of these.

4.2.1 Constraining the Annotation

With the simplest structure-based annotation schema the anotator selects a top level
category from a category tree and follows a promising path tond the most suitable
category as a value of the eld. When one category is selectdt annotator starts again
from the top until an adequate amount of categories have beeselected. The naviga-
tion through the tree can be intuitively clear and provides he contextual information
needed to retrieve the image later on. However, with compleschemas the annotation
process can be hard. Annotation and ontologization cannoelcleanly separated because
categories can possibly be created, deleted, related, ardited in many ways in both
processes. The process starts by choosing one eld from wiitla set of many elds. The
annotator selects categories from a tree as values of thedebr navigates through the
tree and creates a wanted kind of category. The created catey can always have a set
of elds that can take categories as values: the categorielsat are selected or created as
values can again take categories as values. In theory the leycould go on forever even
with an ontology with only one category to start with:

Set of elds! Category tree! Set of elds! Category tree:::

2TClassPromotions  should naturally be renamed after the happening that it descibes.
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Without any constraints the responsibility of coherent anotations lies totally on the
annotator, which is why the annotation system needs to someWw guide the annotation
process, constraining the categories and elds presented the annotator. The deter-
ministic methods of constraining the annotation are 1) caidality constraints, 2) range
constraints, 3) tree pruning constraints that take annotabrs' actions in account, and 4)
editing constraints that specify annotators' rights to edi the category trees.

Cardinality Constraints

The cardinality constraint states the minimum and maximum anount of values that one
eld can have. The minimum and maximum amount of values can betated with a
closed rangerpin max]. [0 1 ] states that the eld can have any amount of values. [2
1 ] states that the eld must have at least two values, but thereis no upper limit to
the amount of values. [2 2] states that the eld must have exdly two values, and [2
4] states that the eld must have at least two values, can havéhree values, but cannot
have more than four values. [2 4 6] states that a eld can havevo, four, or six values,
and cannot have for example three or ve values.

Range Constraints

The range constraint states what kinds of values a eld can va. When the range is@
the annotator can select any natural number as the value of ald. When the range is
ASCII, the user can selecASCII-characters as the value of the eld. The range can also
be ASCII > fA;B;C::;Zg, that means that the annotator can select only upper-case
ascii characters fromA to Z.

Tree Pruning Constraints

The search space can be constrained based on the annotatartions by using basic tree
pruning methods. When the annotator has selected a set of egories as values of the
elds, the paths to them can be closed by the annotation syste so that the amount of
categories that can be selected next decreases in every st8pme examples of pruning
with the category trees on gure 26 are examined. Let the rsiselection be categorC

T
N T
A B

C/\D/\E A/\B
NN
F/\G/\/\HI ¢ bo E F

Figure 26: Two category trees used in annotation.

of the tree on the left. In the general case it is rational to gxify that the annotator
cannot select any ofC's predecessors or successors for describing the same thikgr
example, ifC wasHuman , then F and G would further classify the type of the human.
If also F or G were selected it would be intentional to discard. SelectingA would also
be irrational if C was already selected: i€ was Human , nothing would be gained by
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annotating A, which could be for exampléMammal . The rational choices after selecting
C would beB, D, E, H, or | because they are not in successor-predecessor relatignshi
with C.

With the strict de nition (p. 17) two or more subcategories d categoryX share relatively
nothing in common and their intersection is empty, as can beesn in the tree on the
right of gure 26. These strict pruning rules could be used wdn describing positioning
in a contest for example: normally when a person wins a gold da the same person
cannot win a silver medal in the same contest. If the annotatselects the gold medal as
a value of a eld that indicates a person's positioning in a ¢&in contest, another medal
cannot be selected as a value for the same eld. The pruningles can be applied in
every level of a category tree in di erent ways. Some rule cleliconstrain the annotation
of a certain tree, a certain branch of a tree, or only a set of tsgories that are not in
predecessor-successor relationship.

Editing Constraints

Constraints can be set on creating and using categories toags too long or cyclic paths in
annotation, and to di erentiate the annotation from ontologization. Di erent annotators
can be given di erent rights to edit trees or parts of trees ira similar fashion than with
traditional le systems. Let integer x denote the constraint. Whenx = 0 the annotator
cannot create a category. Wherx = 1 the annotator can create a categoryC;%®, but
cannot create more categories as values of elds Gf. When x = 2 the annotator can
create a categoryC; and create another categoryC, as a value of a eld ofC,, but
cannot create categories for values of the elds &,. With x = n the set of linked
category- eld pairs can have up ton members.

Constraints can be set also on using the categories that eeid before the annotation
started in a similar fashion, and the constraints can be comied. For example, in triple
[X;y; z] x denotes the constraint on creating categoriey, on using the already existing
categories, andz for maximum amount of using both existing and new categorien the
linked chain of category- eld pairs. The constraint [12; 2] speci es that the annotator
can create one new category in the linked chain and can useaats/o already existing
categories, but the maximum length of the chain is 2.

Combinations of Constraints

The discussed constraints can be combined to create uniquenatation schemas. Let
the goal be to create an annotation schema where the annotais able to link n di erent
types of speci ¢ metadata to an entity. One solution is to crate a schema that contains
n elds. Each eld is mapped to a certain category, and when thennotator selects
values for a certain eld, a certain top level category is psented to the annotator. The
annotator can, or has to select a certain amount of categosi@s values for each of the
elds with certain pruning conditions. The annotation is canpleted when all the elds
have been given an adequate amount of proper values.

28Note that C; can denote also a set of categories that are not in predecesssuccessor relation.
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Problems

Maintainability is the greatest challenge of structure-baed annotation, assuming that
there exists a commonly agreed ontology that can be used inramation and retrieval.
Possible modi cations of the ontology that was used in the arotation can make the
annotations totally or partly useless. When the ontology isnodi ed, the annotation
system and/or the administrator of the system needs to vesifthat the modi cations are
not in contradiction with the annotations that were createdusing an older version of the
ontology.

As an example, let there be a category tree > Roundness . The annotator has linked
an image of a circle to category\Roundness. When the tree is modied into > >
Roundness > Circle , the annotation system should ask the annotator/administtor
to verify whether or not the previously annotated image belwgs under the new category.
Then again, if Circle is deleted later on, the system can automatically link the imge
to the supercategory ofCircle . With the categories only, the changes in ontologies
can be handled quite easily assuming that there are enoughraators to verify the
re-annotation of images. Handling changes of other relatis of ontologies might then
again require more complex veri cations.

Annotators' errors are also naturally problematic as with & annotation paradigms. A
lazy annotator can link an image about a circle to categoriRoundness, and when a
retriever selectsRoundness > Circle , the image is not retrieved. With systems that
have thousands of annotated images these kinds of aws aresiya permanent, unless
advanced feedback and computer vision techniques (appexdi) can be applied to verify
placement of the annotated images somewhere in the future.

4.2.2 Annotation with the Created Ontology

The overall case was to annotate 628 photographs about thegpnotion ceremonies with
the created ontology (sect. 4.1), and one photo is annotatdtere as an example. There
were no constraints set on the annotation except that the topevel classes could not be
changed. This way the annotation can be seen also as ontolagion, or as testing the
ontology: many classes, instances, and properties wereatesl, deleted, combined, and
edited in many ways during the process. About 500 out of the 82hotos were previously
annotated with eld-based paradigm. These annotations wer transformed into RDF
format that could be used by the annotation editof’, and the textual descriptions of
the existing annotations were used as a reference in annotgf the photos with the
annotation schema in gure 27 in p. 51. The rest of the imagesene received from the
UHe faculties with textual descriptions and scanned from loks and from other sources.

The annotation schema enables linking every class and inste of the domain ontology
to an image”®. The schema was designed to describe di erent sorts of meditamats, and
so Media Element has properties that t describing also video and audio in adtion
to photos. Photograph then again has special properties that suit for describingnty
photographs. As stated in section 1.2, some properties debe the abstract concepts
that are represented by images' physical elements and someperties describe other

29proege-2000 was introduced in sect. 4.1.2.
30|n fact, also the properties (rdf:property ) could have been annotated, but these were not needed.
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@Aﬂﬂutatlun Classe/ MName | Type | Cardinality | Other Facets
©Med\acard Eincludedmstamces Instance multiple classes={ THING}

-] @Med\aE\ement EmedlaCardlD string single
@Photograph Name ‘ Type | Cardinality ‘ Other Facets
Eacqu\ring String single
8larnotator string single
E‘copyrights String single
E‘date,af,aﬂnutatlon string single
Edona(ur String single
E‘med\a,card Instance single classes={Media Card}
E‘uther_information String single
E‘refarence,wurds String single
Mame | Type Cardinality Other Facets
Eamount,of,proofs String single
Earchiva\ String single
Eco\our String single
Ecﬂnd\(ion String single
Ecupynghts string single
Eda{a_of_annotat\on String single
E‘frame String single
E‘glass_ﬁ\m String single
E‘hurizuntaljr,vertical String single
E‘imaga_ﬁ\a String single
Blimage_size String single
Slimage_type string single
8| negative_size String single
E‘orlgmal,er,raprodu:ed String single
Ephom_sar\es String single
Ephotographer String single
Ephomgraph\c_studin String single
Eplacement string single
Etime_m’_photography String single
8ltopic string single

Figure 27: Classes and properties of the annotation schema.

things that are explicitly connected to the image.Media Card was used to describe
the physical elements, in addition to propertytopic that was revealed in the exhibition
but was not used in the retrieval. Alsoreference wordsdescribe the images' physical
elements but neither this nor the other properties oPhotograph were used in the
exhibition, with the exception of image le that identi es the le names of the photos
and media cardthat links an instance of Photograph to an instance ofMedia Card
Media Card has propertiesmediaCardID and Includedinstanceshat links classes and
instances of the domain ontology to an instance dfledia Card . The rdfs:irange of
Includedinstancess THIN@!, and so also classes of the domain ontology could be given
as values tolncludedinstances

The only guideline in the annotation process was to descriltiee essential and interesting
things in the images and to make the annotations as complets possible, i.e., successors
of every top level class should be annotated whenever intemtal. The simplest solution
to guide an annotator that has no earlier domain knowledge wid be to create an
annotation schema that has 6 elds that are mapped to the sixdp level classes of the
domain ontology. However, the ontologist and the annotatowas the same person there
was no need create an annotation schema that guides the anaimrr. The subject of the
annotation is the photo on gure 28 in p. 52.

The annotation starts by creating an instance oPhotograph and giving textual values
for the elds if these are not already set. Up to this point theannotation goes like with
the eld-based paradigm. After the needed elds have been\gn values the annotator
creates an instance oMediaCard as value ofmedia cardand gives it an id such as
Imagel2345.jpg.

3lproege's THINGcorresponds tordfs:Resource (p. 27) or > (p. 14).
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Figure 28: Image text: "Promotion of faculty of Philosophy. Honorary Doctor Linus
Torvalds on a procession to divine service 2.6.2000."

The actual linking of the image to the domain ontology is donéy selecting classes and
instances of the domain ontology as values fdncludedinstances The annotator has
a set of top level classes to start with as depicted on the lefide of gure 29. The
annotator has to select one of the six top level classes andidev a promising path to
nd the most accurate class or instance. The annotator argsethat the image is about
a happening called 'procession to divine service' based dmetimage text of gure 28,
and selects pathHappenings > Processions > Procession to Divine Service as
depicted on the right side of gure 29. If the wanted kind of socessor oHappenings is

©Happenmgs

& (C)Audial Performances M

E-@Danca Happenings

E\-@Dining Happenings

@ (CiHappenings in Sequence
@Happemngs @ (C)Pracessions

&@nght\y Procession and Statue Tour™
@ Perfermances, Performers, Creators, and Waorks (S Procession from General Garland BinderM

() Persans, Reles, and Institutions (€ Procession to Ceremony HallM

) ‘ . . M

@Physwca\ Ohjects (C)Processian to Devine Service
©Procession to General Garland BinderM

(€} Places (€ Pracession to University™

{C) Pramotians © (E) Unofficial and Rare Happenings

Figure 29: Top level classes on the left, and class structunéHappenings on the right.
The path to the most accurate class is revealed, and the sdakxt class or instance is
highlighted with blue.

not found the annotator can create a new class or instance, sglect a less accurate class
or instance. In most of the cases, as with this one, more than® class and instance suit
describing the subject image. After the rst selection the anotator has to reason which
top level class to browse next.
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Every Happening occurs in a certainPlace. There were many cases where it was hard
to decide which places to select, as with the this one. Therewonly a small part of the
National Library visible in the image but it was selected (g 30 in p. 53). because there
were not any 'good' images taken about the libradf and it was shown better than other
places in the subject image. Only a small fraction of the growl level of the entrance
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Figure 30: Annotation of Places on the left and annotation of Persons, Roles, and
Institutions  on the right. The integers indicate the amount of instancesfdhe corre-
sponding class. All instances dflonorary Doctor are not shown.

to Cathedral of Helsinki is revealed in the image. If the enéimce was also selected the
users would probably be misleaded: a user of a photograph #ition assumes to see
whatever she chooses to see and if a user chooses to see tharerg to Cathedral of
Helsinki it should also be shown, preferably with a good imag Apparently there were
lots of 'better' images about the entrance, which is also a ason why the entrance was
not linked to the subject image. Also the Union Street (situted in between the library
and the church) was not selected because it could not be sedrak in the image, even
though the promovends are walking up to the church from thattseet.

The image text of gure 28 tells that Honorary Doctor  Linus Torvalds is in the image.
The annotator selects pathPersons, Roles, and Institutions > Essential Roles >
Honorary Doctor > Linus Torvalds, as depicted in gure 30. The same instance oa
be reached also vi@ersons, Roles, and Institutions > Groups > Promovends >
Doctor Promovends > Honorary Doctor > Linus Torvalds. Selection of a successor
of Persons would be unnecessary after selection of successorEssential Roles or
Groups because the information about the person in role is obtaineflom property
person in rolethat belongs to all successors dssential Roles and Groups .

If this was the rst time that honorary doctor Linus Torvalds was selected the annotator
would have to create an instance dflonorary Doctor , and give values for all the elds
of the instance. Some of the elds (g. 22, p. 41) take textualalues but connected to

32This was know because the same annotator annotated all the iages.
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which promotionstake successors dPromotions and Festive Sessions (g. 21, p.
40) as values, andoerson in role takes successors d?ersons as values. If the needed
instances do not yet exist they have to be created. When all ¢hneeded elds have been
given values up to an adequate degree, this part of the annditan is done, and in the
next time the same person-role can be directly selected fraime ontology.

Promotions and Festive Sessions provides the date when the conferring ceremony
was held, the faculty that arranged the promotion, and much re information. Knowing
the date 2.6.2000 it was trivial to select pathPromotions and Festive Sessions >
Promotions by Century > Promotions in 21st Century > 2.6.2000, as gure 31
depicts. If there were two or more conferring ceremonies ing same day the secondary
search criteria would be the faculty because one faculty cdrave only one conferring
ceremony in the same day.
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Figure 31: Annotation ofPromotions and Festive Sessions on the left and annotation
of Physical Objects on the right.

Annotating Physical Objects (g. 31) was straightforward. The objects that can be
seen in the image are selected. In this case there were manygtal objects worth of
selecting in the same image: the red decoration, doctor's @, doctor's hat of faculty

of Philosophy, and doctor's diploma. The knowledge that theiploma was doctor's and
not master's came from the fact that the diploma was carriedyba person with a sword,
and only doctors have swords in promotions. Also the only swbin the ontology is

Doctor's Sword that could have been noticed by an arbitrary annotator withait any

domain knowledge. If the annotator would not have any domaiknowledge, had not
seen the other images and image texts at all, and had no abylifor semantic reasoning,
the safest selections would have beddecoration and Headgear. The image retrieval
system that uses the annotations is examined next.
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4.3 Ontology-Based Image Retrieval System

This section examines and explains a fully implemented ontmgy-based photograph ex-
hibition system called Promotor3. The system complements the ideology of structure-
based (or view-based [151, 123, 16]) search by using the Pation ontology (sect. 4.1)
as an information retrieval structure and as the basis of recnmending images. It was
not known exactly what was the exhibition going to be like in he ontologization stage
and some features of the ontology were not used at all in thelekition. Even though
formal ontologies can be used in many ways, the principlesgsented here are widely
applicable with retrieval systems that use frame-based avibgies.

Figure 32 depicts the part of the application's interface tht is revealed when the system
is started. On the center is the current main image. Directlyabove the main image
are four selection tabs:image (currently active), Search (explained later), Help (user's
manual), and About (info about the software). Below the main image aredfs:label s
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Figure 32: Image-page is revealed at the start.

and values of propertiesmage le and photographey and value oftopic, i.e., the image
text (g. 27, p. 51). On the left side of the main image is a set fothumbnail images.
The system contains thumbnails of each of the 'big' images.h€& thumbnails function as
links, and by clicking a certain thumbnail-image it is magned to be the main image on
the center. The thumbnails on the left side appear in a randorarder, given the current

33promoottori in Finnish. The software is currently installed into a kiosk-box, situated in the vestibule
of the Museum of University of Helsinki, Snellmaninkatu 3. The software is examined also in [72, 73].
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search constraints. When the system is started and no conaints are set the user can
quickly browse through all the thumbnails in the system by @tking previous or next
on the bottom left corner. The buttons above the left side thmbnails are familiar to a
user of an Internet browser:Homeesets the system in the default starting stateback
arrow takes the system in the previous stateforward arrow takes the system into the
state where it was before pressing thieack arrow, and ?-button reveals the help-page
with identical functionality to the help-tab above the mainimage.

4.3.1 Using Inference in Recommending Photos

On the right side of the main image are theecommendation panethat reveal thumbnails
of the images that are linked to the main image via di erent sds of semantic relations*.
Two panes out of ve are currently revealed. All the panes ha/been given hard-coded
priority values and if the priority level of a certain pane isnot reached it is not revealed.
The priority level is calculated based on the categories thavere linked to the main
image in the annotation stage.

Successors of every top level category of the domain ontologxcept Performances,
Performers, Creators, and Works (g. 25, p. 46) were linked to the current main
image but the priorities of only two panesjrevious happening and next happening
were met, which is why they are the only ones revealed. The ugpone of the current
panes reveals thumbnails of the images connected to the ndxppening and the lower
pane reveals images connected to the previous happening.el$equences of happenings
are based on the value of propertprderBy that was given for all successors dflap-
penings in Sequence (g. 23, p. 43). Figure 33 depicts these values as categories
Let the current main image be linked to a successor bfappenings in Sequence that

T

1/\2
N N\
3 4 5 6
AN AN
7 8 9 i

Figure 33: Values oforderBy as categories.

is denoted by 4. Theprevious happening pane would in this case reveal thumbnail
images that are linked to 3 or to 3's successors 7 and 8. Thext happening pane
would reveal thumbnails that are linked to 5 that has no sucesors. If the current main
image was linked to 7, 3, or 1, there would not be thgrevious happening pane, and if
the main image was linked to 2, 6, or 10, there would not be theext happening pane.

The person relations pane recommends thumbnails based on the structure®érsons
and Groups (g. 22, p. 41). Persons has propertiesmother and father that take
successors oPersons as values. LetPersons have two successoré and B, and let
A be directly linked to the main image. IfA's property mother has valueB, then the
images that are directly linked toB are revealed as thumbnails. Actually the properties

34Prolog [125] was used as an inference language to reason abdbe recommendations, i.e., the
recommendation rules were programmed with Prolog.
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that were used in reasoning about the person-relations wemet explicitly speci ed. The
only rule was to use the kinds of properties d?ersons and Groups that take successors
of Persons or Groups as values. This is an example where only thelfs:range and
rdfs:domain of the properties count, and therdfs:label  or the exact ID (p. 27) of the
properties is totally disregarded. This reminds the readeof the fact that the meaning
of an entity depends on relationships to other entities. Thenly pay-o with rules like
this is the need to take the rules in account when editing theainain ontology’®>. When
a thumbnail is recommended, thedfs:label  of the property that the recommendation
is based on is also shown, likeother and father.

Place relations are based on the structure oPlaces (g. 19, p. 37). If the main
image is linked to an instance of a successor clas$tdices, then other images that are
linked to the same instance are recommended.

Promotion relations are based on the structure oPromotions (g. 4.1.8, p. 40).
Thumbnails that are linked to the same promotion as the maimnage are recommended.

4.3.2 Structure-Based Search

The Search-tab ( g. 34) reveals six facets that corresponatthe six top level classes of
the domain ontology, while the left side of the interface reains the same.

Figure 34: Representation of categories.

35A theoretical problem occurs when a property likehas got nothing in common withis added.
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The user can nd the search menu also by pressiidew searchabove the left thumbnail
images, that resets all the facets into the initial state whe no search constraints are
set. The facets can also be reseted one by one by pressing &ein the upper right
corner of each facet. Thedfs:label 's of the top level classes are the titles of the
facets. Subclasses of the top level classes are also redealdich gives the user a direct
visualization of two highest levels of the class hierarchy.

The dichotomy to classes and instances proved to be uselessf the user's point of
view, and therefore both classes and instances were givenesual representation in the
Ul, and are referred again as categories from here on. If tieewere no images linked
to a certain category or to its successors the category wastnevealed at all. As an
example, categoryPenultimus is not revealed in gure 4.3.2. It belongs to the ontology
(g. 22, p. 41) but no images were linked to the category. Theewvealing and hiding of
the category structure is done by clicking the node on the ke$ide of a category.

Figure 35: Integers indicate the amount of images under a eagory.

All categoriesinherit the annotations of their successors, i.e., a union is credtef an-
notations of a category and annotations of its successors axplained in section 3.1.5.
An integer is attached to every category that indicates thedtal amount of images that
are linked to a category and to its successors. For examplehen categoryPedell (g.
4.3.2) is linked to one image the indicating integer d?edell and all of its predecessors is
increased by 1. There were 7 images linked to successorPaedell and 1 linked directly
to Pedell , which makes the indicating integer ofPedell to be 7 +1 = 8. Next, four
examples of structure-based search are given, and compatedext-based search.

Search Example |

The goal in the rst example of structure-based search is toetrieve images where can
be seen honorary doctor Linus Torvalds. This can be done inghsame fashion as the
corresponding annotation ( g. 30, p. 53). The user choosebkd facet with title Persons,
Roles, and Institutions  (g. 34) and selectsEssential Roles > Honorary Doctor >
Linus Torvalds . A set of 5 photos where can be seen honorary doctor Linus Talds is
retrieved ( g. 36). Photos about honorary doctor Linus Tonalds could be retrieved also
by selectingGroups > Promovends > Doctor Promovends > Honorary Doctor

> Linus Torvalds . The third path Persons > T > Linus Torvalds retrieves photos
about Linus Torvalds disregarding his rolé.

36The photos would anyhow be the same because Linus was in rolé bonorary doctor in every photo
about him that are annotated in the system, which is not the case with many of the other persons.
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Figure 36: Search results of search example I.

Search Example Il

The goal in the second example of structure-based search asretrieve all those images
where can be seen both general garland bindéeGB ) and garland at the same timé’.
When a user selects a certain category the search space is constrained so that only
those categories and their predecessors are allowed to bessn that are linked to the
images that are members oK ;8. This is visualized in the Ul by changing the color of
the categories that cannot be chosen into gray. In terms oftd@eory, the gray categories
contain only annotations that are members of se6 = > ,nX 5, where> , denotes the set
of all images annotated in the system. This way the user doestrhave to browse those
branches of the category tree where nothing can be found, givthe constraints the user
has already set.

Figure 37 depicts the retrieval situation in four steps. Thauser sees a set of categories

Figure 37: Four steps of the retrieval process: 1) top left,)20p right, 3) bottom left,
and 4) bottom right.

and selectsGGB in the top left corner. Now all the images that are members ofes
GGB , are revealed as thumbnails disregarding their membership Garland ,. The

37The goal was identical with text-based paradigm in section 21.2.
38As in section 3.1.5,X 5 stands for the set of all images that were linked to categoryX or to X's
predecessors in the annotation.
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selection a ects other categories, and thd>hysical Objects facet on the top right
corner is constrained so that the categories that are fuzad with gray color cannot
be selected. The user selectSarland in the bottom left corner, and the selection is
re ected in the bottom right corner. Thumbnails of the 11 imayes where can be seen
both garland and general garland binder are revealed (gure 38), and all of &m are
members of selGGB ,\ Garland ;.

Figure 38: Search results of search example II.

Search Example IlI

The recall and precision (sect. 2.1.2) of structure-basecensus text-based search is
analyzed in the following. The structure-based search is esuted with the exhibition
software and the text-based search with Proege-2000 (sé 4.1.2). The text-based
queries are compared with theopic- eld (g. 27, p. 51) that textually describes the
images. The text-based search was executed using Finnishrsh terms® but the results
would have been almost the same even if the texts were trangd into English. The
integers indicate the amount of retrieved images on the belotable. With text-based
search ANDIin the table corresponds to logical®, and with structure-based search it
corresponds ta\ . ORcorresponds to logical and[ respectively.

Query terms Structure-based Text-based
Garland 27 124
Garland binding material 5 0
Garland binding happening 23 23
GGB 69 42
GGB AND Garland 11 42
GGB OR Garland 85 124

Inthe rstquery Garland the precision of text-based search was very poor. The irresnt
images within the 124 images are those where cannot be seeriagi but they are about

%9The categories that were used in the comparison and the corsponding search terms in Finnish:
Physical Objects > Flags, Marks, and Badges , Symbols of Academic Rank > Garland
Seppele. Persons, Roles, and Institutions > Essential Roles > General Garland Binder
Yleinen seppeleensitojatar.Physical Objects > Assorted Objects > Garland Binding Material
= seppeleensitomismateriaali. Happenings > Happenings in Sequence > Garland Binding Day
> Garland Binding Happening = seppeleensitojaiset.
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1) election of GGB, 2) parents of GGB, 3) previous general dand binders, 4) triumph
garland binders, 5) the companions of the master promovenda¢eo are called garland
binding men and garland binding women, and 6) garland bindarday when there is
mainly only garland binding material visible. The recall ofthe text-based search was
good, but nding the wanted ones by browsing through 124 imaggs would take relatively
much more time than with structure-based search.

If the retriever's goal was to see all kinds of garlands, indling the partly un nished
ones, the recall of text-based search would have been evetitdrethan with structure-
based search. This is because there is an additional categg@arland Binding Ma-
terial in the ontology for describing un nished garlands and the miarial that is used
to bind the garlands. If the user had unnoticed this categoryhe un nished garlands
might have been totally unseen. Then again, with text-basedgearch the queryGarland
binding material would not retrieve images at all. To nd the un nished garlards with
text-based search the user should know that they can be seeuridg the garland bind-
ing happening. The queryGarland binding happening retrieved 23 photos with both
paradigms, but only the 5 clearest photos about the garlanditding material within the
23 photos could be retrieved with structure-based search kglectingGarland Binding
Material . However, text-based quenjeaf OR Branch OR Lauretetrieved 17 images
of which half were totally irrelevant but some contained gadands that could not be re-
trieved with structure-based search. The reason for this ihat those images that were
linked to Garland , to Garland binding material , or to their successors depict the
garlands and materials more clearly than the other annotateimages.

The query General garland binder retrieved more images with structure-based search
than with text-based search. The precision was perfect witboth paradigms but the
recall of text-based search was worse. This is because inrkigh the in ectional stemming
of 'general garland binder' changes quite much when used tvigxpressions such aSGB's
to GGBfrom GGBetc. The retrievers should use di erent word forms with tekbased
search to achieve the same recall, but then the precision ¢dwget lower.

With text-based search the querylGGB AND Garlametrieved exactly the same 42 images
than with query GGBwhich naturally indicates a low precision. This is becausthe
character string "garland” is already included in "Generalgarland binder": this is a
classical situation where the advantages of structure-bes search are clear. The recall
was almost identical with both paradigms, but the precisiorof structure-based search
was again 100%. However, there were 2 images in the system nghthe GGB can be
seen with an un nished garland in her hand, and these images dhot belong to the
set of 11 images that were retrieved with structure-based aseh. These two images
could however be retrieved with structure-based search bglscting GGB AND Garland
binding material

The query GGB OR Garlanetrieved the same 124 images with text-based search than
with query Garland. The query GGB OR Garlancbuld not be directly executed with
the exhibition software, and so the unionGGB , [ Garland , was executed manually
by two separate structure-based queriessGBhat retrieved 69 images andsarland that
retrieved 27 images. Some of the retrieved images were thensawith both queries, and
the total amount of di erent images was 85.
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Search Example IV

Another example of comparing structure-based and text-bad search is given in course
of objectiveness. This time the retriever's goal is to nd ilmges about processions of
di erent faculties as depicted on the below tabl&:

Query terms Structure-based Text-based
Procession AND Political Science (valtio) 10 10
Procession AND Law (oikeus) 3 3
Procession AND Veterinary Medicine (efin) 1 1
Procession AND Medicine (kake) 9 10
Procession AND Agriculture (maatalous) 3 4
Procession AND Philosophy (filosofi) 95 56

The rst three queries retrieved exactly the same images wit both text-based and
structure-based search. The recall and precision were al$00% with both paradigms
because the search terms did not contain one another and theasch terms were not
used together in other contexts. The text-based queryrocession AND Medicinehow-
ever retrieved also one image about procession of facultyMdterinary Medicine because
character string "Medicine" is included in "Veterinary Medcine". The structure-based
query Procession AND Agriculture retrieved one image less than the text-based query
because the annotator had not linkedraculty of Agriculture  to the image; a aw that
was noticed during this test. The text-based queryrocession AND Philosophy then
again retrieved much less images than the corresponding wstture-based search. This
is because the query terms do not appear in all the descriptioelds of images that are
about processions of the faculty of Philosophy. The resulere further analyzed in the
next section.

40The categories and corresponding search terms in FinnishHdappenings > Processions = kulkue.
The faculties can be found in the end of pathPersons, Roles, and Institutions > Institutions >
Faculties > Promotion Faculties  >*. Finnish search terms for the faculties are inside the brakets
in the table.
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5 Conclusions

This section analyzes the tness of ontology-based apprdat¢o image annotation and
retrieval in scope of the case example and in domains of thendar size. The ontology-
based approach is compared to the text-based approach in lling a domain domain
model, annotating and retrieving images, and reusing the aotations. The extensibility
of the ontology-based and text-based approaches are ana&gzn scope of the Internet.

Building a Domain Model

In light of the case example, formal frame-based ontologyriguages with a variety of
supporting tools provide an e cient way to build and use a donain model. Disregarding
if the domain is an ontology or a thesaurus, the new framewortd Semantic Web lan-
guages and tools are more e cient in the task than tradition&dprogramming languages;
naturally, a domain model cannot be built with natural langwage, but a domain can be
described with natural language. Nowadays there are not thands of globally agreed
ontologies that could be easily used as the basis of creatidgmain-speci ¢ ontologies
such as the Promotion ontology, and so the ontologization kato be started from a
scratch, but as the case example proves on it's own behalf,ighs not a great problem
and can be done e ciently with the aid of domain experts and tle ontologist.

Annotation

With traditional text-based annotation the annotator has to have an explicit thesaurus
to ensure that the right words are used. If the relations of th words in the thesaurus are
formalized, the thesaurus would be moving towards a formahtwlogy. With structure-
based annotation the ontologyis the thesaurus, and ontologies facilitate guiding the
annotators. Given a domain ontology, an annotation schemaag be easily built with
which the concepts that are used in the annotation can be cdrgined so that the
annotator's job is on better grounds. Complexity of the ann@tion schema can increase
along the complexity of the ontology, but the annotation scema can still be intuitively
used by annotators with no domain knowledge. For instancé,was very easy to build and
use the annotation schema of the case example, and if the atator and the ontologist
would not have been the same person, it would have been trivieo create a schema
where are six separate for each of the six top level classeshaf Promotion ontology.

When new data is included into the ontology during the annoti#gon (e.g. persons and
places) it can be easily reused, when in contrast text-basadnotations have to be created
manually from the beginning until the end, no matter how manyannotated items there
are. Text-based annotation can however be applied to any dam simply by inserting the

annotation text into one annotation eld, when in contrast ontology-based annotation
requires an ontology that is designed for the subject domainAlso, an ontology-based
annotation schema has to be created according to the used olaigy (or ontologies), and
if the design principles of the ontology are modi ed, the anotation schema has to be
modi ed accordingly: handling of the changes in ontologies a great task that is yet

undone.
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Retrieval

The Promotor retrieval system provides better means than i-based search to formulate
the information need, formulate the query, and to understash the result set. With
structure-based search the actual retrieval includes onlyding the search constraints,
categories that really describe what is in the images, aftevhich the search is done and
the user can concentrate on the actual image data, which natlly is the goal of an
average user of a photograph exhibition system. The inheace of annotations from
the bottom of the hierarchy up to the top of it, and the thumbnal images assure a
rapid functionality. When the search results are depictedrothe same window than the
categories the iterative query formulation gets easier. Ehfeedback is instant and users
understand the size and the contents of the search space.

In general, the set of 628 images is so small that the recalldkse to 100% with both
text-based and structure-based search with many queriesssuming that the retriever is
familiar with the domain. The precision is usually better wih structure-based search but
it naturally depends on how users can nd the search constras through the category
hierarchy. With a small subject domain the hierarchy is claaand the recommenda-
tion system also guides the retrieval. If the system used gntext-based search, ceteris
paribus, ignorant users would rst have to learn about the dmain by reading the image-
texts or other descriptions, and then type the queries acadingly. Typing a short query
like Garland takes less time than nding the corresponding category, buan imprecise
qguery formulation leads to low precision. With low precisio the retriever has to use time
in browsing irrelevant results, or formulate a more precisguery iteratively by viewing
the images and image texts of the result set. It is certainlyasier, faster, and more enter-
taining for an ignorant user to start from high-level abstrations by selecting categories
with a mouse from a set of possible choices and following irgsting links that really
lead to the wanted data.

The user has possibly no exact goal in mind, when the categdnyerarchy and the se-
mantic recommendations can also teach the user about the daim more e ectively than
text-based search. Again, a textual thesaurus could be realed to the user, but in this
case it would be intentional to allow the user to choose the a&h constraints directly
from the thesaurus, which was done with the ontology in the s example. Field-based
approach could function more e ciently than generic text-tased search, but then the
annotations would have to be created accordingly. Implemt&tion of the recommen-
dation system would also get a lot harder, and as the classigaroblems of text-based
search prove, the precision of the recommendations would fag from perfect: explicit
thesauruses or manually created hyperlinks would have to hesed, when in contrast
the RDFS ontology with Prolog rules served successfully aket thesaurus and the link-
structure in the case example.

The reason to the outranking precision of structure-basedearch and the recommen-
dation system is the fact that the actual annotation procesgaptures the annotators'
intentions implicitly, which is not the case when text-base retrieval is applied to text-
based annotations. When the same ontology that is used in tlenotation is used in
the retrieval, intersection, union, and di erence can be derministically applied to sets
of categories, directly or via di erent relations. These we used in two ways in the
case example, automatically as embedded functionality, dras retriever's selections. As
embedded functionality, union was used in inheritance of thannotations, and di erence
and intersection in visualizing and constraining the sealncspace. The retriever could
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constrain the search space only with intersection, and it isotable that di erence and

union could have been used also as retriever's selectiongha structure-based search. A
retriever could bene t a lot by selecting for example all gdands, but not those garlands
that appear during the garland binding day. Union is then aga less useful as retriever's
selection than intersection and di erence: the same itemshat can be retrieved by se-
lecting the union of two categories can be retrieved by setany one category at a time.

Formal ontologies facilitate using di erent types of data drectly as search constraints. In
the case example thumbnail-images were used as hyperlinkst also videos and sound
les could have been used in a similar fashion: a retriever mahoose between di erent
types of music based on very short sound samples. Represéota of information as
it really is provides logically easy means for humans to reéve it. As a conclusion,
ontology-based approach seems to be applicable to relatiwsmall and closed domains
in image annotation and retrieval better than text-based oreld-based approaches, and
building a domain model is more e ective with standard framéased ontology languages
and supporting tools than with traditional programming languages.

When the Domain is the Internet

The size of the domain crucially a ects the design principkof ontologies and annotation
and retrieval systems. When the domain gets wider, it can bessumed that the same
bottlenecks and advantages can be distinguished in a largsecale with both text-based
and structure-based paradigms. When the domain is the wholieternet, structure-based
and text-based methods have to be strongly combined to reabletter results than earlier.
In the following, traditional text-based retrieval systens are compared to today's largest
structure-based on-line annotation and retrieval system g@en Directory Project ODP*.,

Extensive studies [99, 35] show that users who know exacthyhat they want can reach
good results with retrieval systems that have only one teXtased search eld. To date,
Internet search engines such as Google [55] and Altavistgd e a lot more e ective
than ODP in nding information in general. This is not a surprise: Google alone has
over 4 billion indexed Web pages and ODP has only about 4.5 fioh Web sites, even
though there can be many separate pages on one Web site. Hosveas the size of ODP
grows, also the usage can grow simultaneously. The preasiof ODP is a lot better
than that of Google because of the same reasons than in theeaxample: the precision
of structure-based search that is based on manual annotati® does not get lower as the
amount of annotated items grows. The structure-based se&rts more on the categories
and not on the content, because once the categories have bdeund, the intended
content is also found. With small domains the categories theselves can be found in a
normal structure-based fashion, but with large domains téxbased search helps to nd
the categories by their titles and descriptions: a textual gery is typed, after which a set
of categories is represented to the user. The titles of thetegories that are represented
to the user contain the query string, and/or the sites that ae placed under the categories
that are represented to the user contain the query string. Bgelecting a category the
search space is e ectively reduced based on the predecesamcessor relationships of
the selected category. With ODP one can search either onlytegories, or sites that are
constrained by the selected category.

4LODP is explained brie y in appendix C. The directories of ODP can be taken as a category tree
that is used in annotation and retrieval of Web sites.
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Ontologies like ODP can be used to link Web sites to general mhains, but it seems
to be rather a heavy task for an average site owner to annotatdl images and pages
separately with today's tools. This indicates that text-b@aed methods accommodated
with semantic relevance feedback [105] that is based on ietrers' average actions can
be applied more successfully to image retrieval in the neantfire than to use explicit
ontologies in the annotation. If only ontologies were useditivout any relevance feedback,
the best precision in image retrieval would be reached by aotating the Web sites
where the images are, and the images separately. If the imageere not annotated
separately, relevance feedback would have to be used agaktowever, creation of the
relevance feedback system would be on far better grounds evieonly the Web sites were
annotated. One clear advantage of the text-based paradigms the fact that there is not a
need to build explicit domain ontologies, that is a preregsite for manual structure-based
annotation and retrieval.

With the text-based paradigm there is not necessarily a nedd go through an explicit
annotation process. One can write text on a Web page and put amage there that
can be possibly found with text-based search. Text can be sr$ed also into a metadata
eld of a Web page or an image. Plain-text annotations can besused simply by copying
the text to another place, but structure-based annotationgan be reused only with the
ontology that was used in the annotation, and with a system tht is able to interpret
the ontology. Then again, if the ontology had been built usigp globally agreed categories
and languages and the ontologies could be placed in the Imet ‘permanently’, that is
the goal, the annotations would always be globally valid.

An ontology that covers the whole Internet should relate alwords of a natural language
like English, and ontologization of a language in a way that ican be used e ciently in
annotation and retrieval is a huge, if not an impossible taskk orts in the past indicate
that a closed community cannot build an ontology that coverthe whole World e ectively.
An open ontology such as ODP then again bene ts from volunteed editors, and it seems
that in general people are willing to participate in ontologzation e orts. However, the
editors' subjectivity can also cause problems. As ODP-likentologies evolve, it is highly
probable that hundreds of millions of Web users do annotaténéir sites in order to get
them found by a large audience, and creation of recommendati systems is on better
grounds when there is a reliable category hierarchy to workith.

When the domain grows, also the pay-o s in the category striigre get worse. ODP and
the case example prove that it is better to use multi-instanation, i.e., set the annotated
items below more than one category than to use only multiplenheritance of categories
and set the annotated items below only one category. This dnlas using intersection,
union, and di erence e ectively to constrain the search spee, and the ontologization is
easier when most of the categories do not have to be enforcei ia predecessor-successor
relationship. When the amount of independent top level cagories grows, the amount of
unsound philosophical resolutions diminishes, and eventifere were thousands of top-
level categories, these too could be placed into a well-dgsd hierarchy. For example,
there can be thousands of domain ontologies such as the Prdion ontology, that can
all be placed under other higher-level categories. Natuhgl changing for example ODP
into a multi-faceted search system, such as the Promotor ekition system is, would
require fundamental changes in ODP.
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Formal ontologies have come to stay permanently with us as aghly e ective language
of abstraction with which humans and computers can share mfmation across domain
boundaries. The bene ts of ontologies are clear, and evertliiere would exist a ‘perfect’
linguistic system that could automatically annotate data lased on long textual descrip-
tions, it would not solve the need for structure-based constining of the search space:
circle would still have many meanings as well as other words, and lding of this kind
of system requires ontologies.

The ideal goal is to have a common-sense information retredvand annotation system
that all Web users can use e ciently, that can be applied to dl domains, that accom-
modates relevance feedback and content-based analysisd drandles changes in time.
While we are slowly moving towards this,

we ontologize the world, and in return its sensible form is eavated, furrowed
by categories that work at it and relate it from within, and spn forth the
Web of signi cations that christen it, determine it, and x it in the universe

of discourse [50].

67



Acknowledgments

This thesis was instructed by professors Eero Hywenen andaldnu Erki® from University

of Helsinki department of computer science. Appendix A waseated in cooperation with
graduate students llkka Autio and Jussi Lindgren from Univesity of Helsinki department
of computer science. Appendix B was inspected by professoeljh Salo from Helsinki
University of Art and Design. The creation of Appendix C wasnspired by John Sowa,
as well as the theoretical part of chapter 3. Platon's categes were put in a category
tree form in cooperation with Pauliina Remes from the UHe deptment of philosophy.

The development of the photograph exhibition systemPromotor was initiated

and led by Eero Hywnen, and software was handed over to the H& museum
(http://www.halvi.helsinki. /museo/Homepage.htm) cli ents Kati Heiramies and Jaana
Tegelberg. The software development team consisted of SgmapSaarela (architectural
and visual design, implementation, Java), Kim Viljanen (sgpts and semantic reasoning,
Perl, Prolog), and Avril Styrman (ontologization, annotatons). Promotion experts Tero
Halonen and Tiina Metso made a great e ort for the ontologizion, as well as the UHe
clients who also participated to the the ontologization anénnotation processes.

The Image Area Annotator Imarea[77] was created in a Software Engineering Project
(6 credit units) of UHe department of computer science. Maanne Korpela was the
instructor of the software development teamDigimon that consisted of Kai Hendry,
Kimmo Kermenen, Aleksi Mattila, Mirva Salminen, and Lasse Toimela. The clients of
the project were Avril Styrman who speci ed the software, ad Samppa Saarela.

| thank all who personally aided in di erent stages of creatin of this thesis: llkka Autio,
Hannu Erkie, Aapo Halko, Tero Halonen, Heikki Helin, TapamHyttinen, Eero Hywenen,
Anne Isomursu, JP Kaljonen, Paivi Karimaki-Suvanto, Hekki Koivo, Matti Kaarainen,
Jussi Lindgren, Tiina Metso, Claus Montonen, Otto Nurmi, Kmmo Raatikainen, Vilho
Raatikka, Pauliina Remes, Samppa Saarela, Merja Salo, andrK Viljanen.

68



Due to the subject of the thesis many of the citations are onrAle sources. Some citations
are given both as literal sources and on-line sources. Then@tionality of the URI's has
been veri ed in 11th of October 2004.

References

[1] AACR2, Anglo-American Cataloging Rules 2nd Edition. http://www.nlc-
bnc.ca/jsc/docs.html

[2] Altavista search engine http://www.altavista.com

[3] ANSI, American National Standards Institute http://www.ansi.org/
[4] AOL Search: http://search.aol.co.uk/

[5] Aristotle: Categories Written circa 350 B.C.

[6] llkka Autio, Tapio Elomaa: Flexible view recognition for indoor navigation based on
Gabor lters and support vector machinesPattern Recognition vol. 36, nro. 12, p.
2769-2779, 2003.

[7] ASCIl,  American  Standard Code  for  Information Interchange
http://www.asciitable.com/

[8] F. Baader, H-J. Barckert, J. Heinsohn, J. Muller, B. Hdlunder, B. Nebel, W. Nutt,
H-J. Pro tlich: Terminological Knowledge Representation: A Proposal for &er-
minological Logic DFKI Technical Memo TM-90-04, Deutsches Forschungszenim
fur Kunstliche Intelligenz, Kaiserslautern, 1990. Updded version, taking into ac-
count the results of a discussion at the "International Workhop on Terminological
Logics", Dagstuhl, May 1991.

[9] Taina Bagge:Promootiot Helsingin Yliopistossa 1832-196/Publications of depart-
ment of History of University of Helsinki nro 5. (Helsingin Yiopiston historian
laitoksen julkaisuja N:o 5), Helsinki, 1974

[10] Kobus Barnard, Pinar Duygulu, David Forsyth, Nando de Feitas, David M. Blei,
Michael I. Jordan: Matching Words and Pictures In Journal of Machine Learning
Research, vol. 3, nro. 2, p. 1107-1135, 2003.

[11] Ronald Barthes: The Third Meaning. Published in Image, Music, Text, p. 52-68.
Translated by Stephen Heath. Hill and Wang, New York, 1995.

[12] Ronald Barthes:La chambre claire Finnish edition by Kansankulttuuri Oy 1985,
Gummerus Oy, Jyvaskyla, 1985.

[13] Sean Bechhofer, Carole Goble, lan Horrock©AML+OIL is not Enough, 2001.
http://lwww.semanticweb.org/SWWS/program/full/paper4 0.pdf

[14] Walter Benjamin: Taideteos teknisen uusinnettavuutensa aikakaudeila "Messi-
aanisen sirpaleita. Kirjoituksia kielesta, historiastgja pelastuksesta." Markku Kosk-
inen, Keijo Rahkonen, Esa Sironen. Tutkijaliitto, Helsink, p. 139-173, 1989. Orig-
inally published as "Das Kunstwerk im Zeitalterseiner techischen Reproduzier-
barkeit" in 1936.

69



[15] Walter Benjamin: Goethes Wahlverwandtschaftetdited by Hans-J. Weitz, Frank-
furt a.M., Insel Verlag, p. 255-333, 1980. Originally pubdhed in 1922.

[16] J. van den Berg: Subject retrieval in pictorial systems Proceedings of the 18th
international congress of historical sciences, Montredlanada, p. 21-29, 1995.

[17] Tim Berners-Lee:Weaving the Web: The Original Design and Ultimate Destiny of
the World Wide Web by its Inventor Harper, San Francisco, 1999.

[18] W. N. Borst, J. M. Akkermans: Engineering Ontologies International Journal of
Human-Computer Studies, vol. 46, nro. 2, p. 365-406, 1997.

[19] R. Boyer, S. MooreA fast string matching algorithm C.A.C.M, vol. 20, nro. 10, p.
767-772, 1977.

[20] R. Brachman, J. SchmolzeAn overview of the KL-ONE Knowledge representation
System Cognitive Science, vol. 9, nro. 2, p. 171-216, 1985.

[21] D. Brickley, R. Guha: RDF Schema specication 1.0, 2000
http://www.w3.0rg/TR/2000/CR-rdf-schema-20000327/

[22] C. Buckley, G. Salton:Optimization of Relevance Feedback Weights proceedings
of SIGIR, 1995.

[23] A list of Content-based Image Retrieval Systems http://www.sciences.univ-
nantes.fr/info/perso/permanents/martinez/ResearchefCBIRSs.html

[24] CiteSeer search http://www.neci.nec.com/ lawrence/citeseer.html
Citeseer browser http://www.pmbrowser.info/citeseer.html

[25] Princeton University Cognitive Science Laboratory
http://www.cogsci.princeton.edu/

[26] Computer Vision Online Publications: http://www-2.cs.cmu.edu/ cil/v-pubs.html
[27] CYC, encyclopedia http://www.cyc.com/
[28] Dublin Core Metadata Initiative: http://dublincore.org/

[29] Michael Denny: Ontology Building: A Survey of Editing Tools 2002.
http://xml.com/pub/a/2002/11/06/ontologies.html

[30] DirectHit search: http://www.directhit.com/

[31] Description Logics. http://dl.kr.org/

[32] Johannes ClaubergElementa philosophiae sive Ontosophia&647.

[33] DAML+OIL homepage: http://www.daml.org

[34] The Internet Encyclopedia of Philosophy: http://www.utm.edu/research/iep/

[35] J. English, M. Hearst, R. Sinha, K. Swearingen, K.-P.lee Flexible search and nav-
igation using faceted matadataPublished in Communications of the ACM, volume
45, nro. 9, September 2002.

70



[36] H. Eriksson, R. W. Ferguson, Y. Shahar, M. A. MusenAutomated Generation of
Ontology Editors In Proceedings of the Twelfth Workshop on Knowledge Acquis
tion, Modeling and Management (KAW99), Ban , Alberta, Canada, October 16-21,
1999.

[37] EuroWordNet home page: http://www.illc.uva.nl/EuroWordNet/

[38] A. Farquhar, R. Fikes, J. Rice: The Ontolingua Server A tool for Collaborative
Ontology Construction, International Journal of Human-Canputer Studies, vol. 46,
nro. 6, p. 707-728, 1997.

[39] Christiane Fellbaum:WordNet: An Electronic Lexical DatabaseMIT Press, 1999.

[40] Dieter Fensel:Ontologies: Silver Bullet for Knowledge Management and Etsonic
Commerce Springer Verlag 2001.

[41] Dieter Fensel, R. GroenbroomSpecifying Knowledge-based Systems with Reusable
Components In Proceedings of 9th International Conference on SoftwarEngineer-
ing and Knowledge Engineering (SEKE '97), Madrid, 1997.

[42] FIPA, Foundation for Intelligent Physical Agents http://www. pa.org/
List of agent platforms: http://www. pa.org/resources/| ivesystems.html

[43] Filoso sen tiedekunnan vuoden 2000 promootion muistokaj Helsingin yliopiston
Filoso sen tiedekunnan promootiotoimikunta 2000. Edita,Helsinki, 2001.

[44] Filoso sen tiedekunnan vuoden 1994 promootion muistokaj Helsingin yliopiston
Filoso sen tiedekunnan promootiotoimikunta 1994. Helsiki-Hyvinkaa, 1995.

[45] Filoso sen tiedekunnan vuoden 1986 promootion muistokaj Helsingin yliopiston
Filoso sen tiedekunnan promootiotoimikunta 1994. Yliopstopaino, Helsinki 1988.

[46] John Fiske: Introduction to Communication Studies Second edition, Routledge,
1990. Finnish edition: Merkkien kieli, johdatus viestinnan tutkimiseen Gummerus
Oy, Jyvaskyla, 1992.

[47] Descriptive and Formal Ontologyhomepage: http://www.formalontology.it/

[48] FOTIOS, a Dutch database system designed to manage
and facilitate access to collections of photographic  maiafs:
http://www.knaw.nl/ecpa/sepia/workinggroups/wp5/fot ios.html

[49] FOAF project homepage: http://www.foaf-project.ord

[50] Michel Foucault: This is not a pipe translation of Ceci n'est pas une pip&hat was
originally published in 1973. Library of Congress Catalogg in Publication data,
University of California Press, 1983.

[51] N. Fridman-Noy, C. D. Hafner: The State of the Art in Ontology DesignAl Maga-
zine, vol. 18, nro. 3, p. 53-74, 1997.

[52] FRODO RDFSViz tool: http://www.dfki.uni-kl.de/frod o/RDFSViz/

71



[53] M. R. Genesereth, R. E. FikesKnowledge Interchange FormatVersion 3.0, Ref-
erence Manual. Technical Report, Logic-92-1, Computer $cice Dept., Stanford
University, 1992: http://www.cs.umbc.edu/kse/kif/

[54] Sergei S. GoncharoZountable Boolean Algebras and Decidabilit¢onsultants Bu-
reau, New York, 1997.

[55] Google searchhttp://www.google.com

[56] W. E. Grosso, H. Eriksson, R. W. Ferguson, J. H Gennari, 8. Tu, M. A. Musen:
Knowledge Modeling at the Millenium(The Design and Evolution of Proege-2000).
In Proceedings of the twelfth Workshop on Knowledge Acquison, Modeling and
Management (KAW99), Ban, Alberta, Canada, October 16-21,1999.

[57] Nicola Guarino: Formal Ontology: Conceptual Analysis and Knowledge Repesga-
tion. International Journal of Human-Computer Studies, vol. 43nro 2, p. 625-640,
1995.

[58] Nicola Guarino: Formal Ontology in Information Systems|IOS Press, Amsterdam,
1998.

[59] Nicola Guarino: Review of Knowledge Representation: Logical, Philosophiicand
Computational Foundations by John SowaAl Magazine, vol. 22, nro. 3, p. 123-
124, 2001. http://www.aaai.org/Library/Magazine/\Vol22 /22-03/Papers/AlMag22-
03-019.pdf

[60] R. V. Guha: Context Dependence of Representation in Cy®ICC Technical Report,
p. 66-93, 1993.

[61] James R. Gro, Paul N. Weinberg: SQL: The Complete ReferenceMcGraw-Hill,
Berkeley, California, 1999.

[62] T. R. Gruber: Towards Principles for the design of Ontologies used for Kwbedge
Sharing International Journal of Human-Computer Studies, nro. 43p. 907-928,
1995.

[63] Thomas R. Gruber: A Translation Approach to Portable Ontology Speci cations
Knowledge Acquisition, nro. 5, p. 199-220, 1993.

[64] Rudolf Geckel: Lexicon Philosophicum 1623.

[65] llkka Haikala, Jukka Mari@rvi:  Ohjelmistotuotantg 6. painos. Suomen Atk-
kustannus Oy, Gummerus Kirjapaino Oy, Jyvaskyl, 1998.

[66] Tero Halonen:Helsingin yliopiston matemaattis-luonnontieteellineniédekunta 150
vuotta. Helsingin yliopisto, matemaattis-luonnontieteellinentiedekunta, 2002.

[67] G. van Hejst, A. Schreiber, B. Wielinga:Using Explicit Ontologies in KBS develop-
ment International Journal of Human Computer Studies, 1997.

[68] On-line descriptions of promotions:
http://www.museo.helsinki. /Promotio.htm
http://www.halvi.helsinki. /museo/Historia.htm
http://www.helsinki. /[promootiot/

72



[69] J. Hjelm: Creating the Semantic Web with RDFJohn Wiley and Sons, New York,
2001.

[70] T. Ho mann. Learning and representing topic. A hierarchical mixture mael for
word occurrence document in document databasdsa. workshop on learning from
text and the web, CMU, 1998.

[71] HotBot search: http://www.hotbot.com/

[72] Eero Hywenen, Avril Styrman, Samppa Saarela: Ontology-Based Image Re-
trieval. In Towards the Semantic Web and Web Services, Proceedings
of XML Finland 2002 Conference. pp. 15-27. HIT Publicatios, 2002-03.
http://www.cs.helsinki. /u/eahyvone/publications/yo museum.pdf

[73] Eero Hywenen, Samppa Saarela, Kim Viljanen: Ontogator: Com-
bining View- and Ontology Based Search with Semantic Brows-
ing. In proceedings of XML Finland 2003, Kuopio, Finland, 2003.
http://www.cs.helsinki. /u/eahyvone/publications/xm | nland2003/
yomXMLFinland2003.pdf

[74] E. Hywnen, S. Saarela, K. Viljanen, E. Makela, A. Vdo, M. Salminen, S. Kettula,
M. Junnila: A Cultural Community Portal for Publishing Museum Collections on
the Semantic Web. Proceedings of 16th European Conferenae Arti cial Intelli-
gence (ECAI2004), Workshop on Application of Semantic WebeEhnologies to Web
Communities, Valencia, Spain, 2004. CEUR Workshop Proceeds, Vol 107, 2004

[75] ICOM, International Council of Museums http://www.cidoc.icom.org/
[76] ICONographic CLASSsi cation System http://www.iconclass.nl/

[77] Image Area  Annotator. Software  development group  hompage:
http://www.cs.helsinki. /group/digimon/

[78] INOA business search: http://www.inoa. /

[79] ISAD(G), General International Archival Standard:
http:/mww.mclink.it/personal/MD1431/sito/isaargrp/ isad(g)e.html
http://www.ica.org/biblio/cds/isad _g-2e.pdf

[80] ISBN, International Standard Book Number http://www.isbn.org/

[81] ISO, International Organization for Standardization:
http://www.iso.ch/iso/en/ISOOnline.frontpage

[82] J. Jannik, S. Pichai, D. Verheijen, G. WiederholdEncapsulation and composition
of Ontologies In Proceedings of the AAAI '98 Workshop on Al and Informatiam
Integration, Madison, WI, July 26-27, 1998.

[83] JAVA programming language http://java.sun.com
[84] JENA: http://www.hpl.hp.com/semweb/doc/tutorial/index.nt ml

[85] Nicole Joliceur:Charcot : Deux concepts de naturéMonteal, Qc, Artexte, 1988.

73



[86] Kalervo Jarvelin: Tekstitiedonhaku tietokannoista (Text retrieval in datadses)
Asiantuntija-sarja: Tiedonhaku, Suomen ATK-kustannus Epoo, Finland, 1995.

[87] KIF, Knowledge Interchange Format http://logic.stanford.edu/kif/kif.html

[88] M. Kifer, G. Lausen, J. Wu: Logical Foundations of Object-Oriented and Frame-
Based Languageslournal of the ACM, nro. 42, 1995.

[89] Edwin Kilijn, Yola de Lusenet: In the Picture. Preservation and digitalization of Eu-
ropean photograohic collections. European Commission ong3ervation and Access,
Amsterdam, 2000.

[90] Matti Klinge, Rainer Knapas, Anto Leikola, John Stenmberg: Helsingin Yliopisto
1640-1990 kolmas osa 1917-1990, Otava, Keuruu, 1917-1990.

[91] S. Klink: Query reformulation with collaborative concept-based epsion. Proceed-
ings of the First International Workshop on Web Document Andysis, Seattle, WA,
2001.

[92] Matti Klinge: Kuninkaallinen Turun akatemia 1640-1808. Helsingin yliapto 1640-
199Q ensimmainen osa. Keuruu, 1987.

[93] D. E. Knuth, J. H. Morris, V. R. Pratt: Fast pattern matching in strings SIAM
Journal on Computing, p. 323-350, June 1977.

[94] Simo Heininen, Erkki Kansanaho, Kauko Pirinen, MarttiParvio, Markku Heikkila:
Kutsu Helsingin Yliopiston Teologisen Tiedekunnan Tohtgpromootioon toukokuun
23. paivama 1997, Oy Edita Ab, Helsinki, 1997.

[95] Ora Lassila, R. Swick (editors): Resource Description Framework (RDF)
Model and syntax speci cation. Technical report, 1999. W3(Recommendation.
http://www.w3.0rg/TR/1999/REC-rdf-syntax-19990222/

[96] Ora Lassila and Deborah McGuinnesshe Role of Frame-Based Representation on
the Semantic Web Knowledge Systems Laboratory Report. KSL-01-02, Stanford
University, 2001.

[97] V. Lavrenko, R. Manmatha, J. Leon:A Model for Learning the Semantics of Pic-
tures. Preproceedings of NIPS 2003.
http://books.nips.cc/papers/ les/nips16/NIPS2003 _AA70.pdf

[98] LCSH, Library of Congress Subject Headings:
http://www.carl.org/tlc/crs/shed0014.htm

[99] K.-P. Lee, K. Swearingen, K. Li, M. Hearst. Faceted mettata for image search and
browsing. Proceedings of CHI 2003, April 5-10, Fort Laudeate, USA. Association
for Computing Machinery (ACM), USA, 2003.

[100] D. B. Lenat, R. V. Guha: Building large knowledge-based systenfi®presentation
and inference in the Cyc project, Addison-Wesley, Readinfy)lassachusetts, 1990.

[101] Gunther Lenz:.NET - A Complete Development CycleAddison-Wesley, 2003.

[102] D. Lin: Using collocation statistics in information extraction Proceedings of the
Seventh Message Understanding Conference (MUC-7), San iicesco, CA, 1998.

74



[103] Hugo Liu, Henry Lieberman.Robust photo retrieval using world semantic$ro-
ceedings of the 3rd International Conference on Languaged®erces And Evaluation
Workshop: Creating and Using Semantics for Information Reeval and Filtering:
State-of-the-art and Future Research (LREC2002), pp. 1502 Las Palmas, Canary
Islands, 2002.

[104] Jacob Lorhard:Theatrum Philosophicum 1613.

[105] Ye Lu, Chunhui Hu, Xingquan Zhu, HongJiang Zhang, QianYang: A Unied
Framework for Semantics and Feature Based Relevance Feakosm Image Retrieval
Systems Proceedings of ACM MM 2000, p. 31- 38, 2000.

[106] Lycos search: http://sjc-search.sjc.lycos.com/

[107] S. Mcllraith, T. Son, H. Zeng: Semantic web servicedEEE Intelligent Systems,
p. 46-53, March/April 2001.

[108] Deborah L. McGuinnessDescription Logics Emerge from Ivory TowersStanford
Knowledge Systems Laboratory Technical Report KSL-01-08@1. In the Proceed-
ings of the International Workshop on Description Logics. tanford, CA, August
2001.

[109] Tiina Metso: Tapaillaan. Akateemisia juhlia ja tapoja.Yliopistopaino, 1998.

[110] Ray Monk: Russell; Mathematics: Dreams and Nightmaretennart Sane Agency
AB, 1997.

[111] Netscape search: http://search.netscape.com

[112] Ilkka Niiniluoto: Johdatus Tieteen loso aan. Kustannusosakeyht® Otavan paino-
laitokset, Keuruu, 1997.

[113] lan Niles, Adam PeaseQOrigins of the IEEE standard upper ontologyTechnical
report, Teknowledge, Palo Alto, 2001.

[114] OIL, Ontology Interchange Languagehttp://www.ontoknowledge.org/oil/
[115] ONTOLINGUA : http://www.ksl.stanford.edu/software/ontolingua/
[116] Open Directory Project http://dmoz.org/about.html

[117] OWL Web Ontology Language 1.0 speci cation:
http:/mwww.w3.0rg/TR/2002/WD-owl-ref-20020729/

[118] T.Petersen:Introduction to the Art and Architecture Thesaurus Oxford University
Press, 1994: http://www.getty.edu/research/tools/vocabulary/aat/

[119] H.J. Peat, P. Willett: The limitations of term co-occurrence data for query expan-
sion in document retrieval systemsJournal of the ASIS, Vol. 42, nro. 5, p. 378-383,
1991.

[120] The source for Perl, development and conferences: pattwww.perl.com/

[121] Th. Pirlein, R. Studer: Integrating the Reuse of Commonsense Ontologies and
Problem-Solving Methodsinternational Journal of Expert Systems: Research and
Applications, 1999.

75



[122] Plato: Republic509d .

[123] A. S. Pollit: The Kkey role of classication and indexing in view-
based searching Technical report, University of Hudderseld, UK, 1999.
http://www.i a.org/IV/i a63/63polst.pdf

[124] Proege-2000: http://protege.stanford.edu/index.html
[125] Prolog: http://www.xml.com/pub/a/2001/04/25/pro logrdf/

[126] A. R. Puerta, J. W. Egar, S. W. Tu, M. A. Musen: A Multiple-method Knowledge-
Acquisition Shell for the Automatic Generation of Knowledgacquisition Tools
Knowledge Acquisition, vol. 4, nro. 2, p. 171-196, 1992.

[127] Dave Beckett, editor:RDF/XML Syntax Speci cation (Revised). W3C Recommen-
dation, 10th of February, 2004.
http:/mwww.w3.0rg/TR/2004/REC-rdf-syntax-grammar-20 040210/

[128] RDF Semantics W3C Recommendation, 10 February 2004.
http://www.w3.org/TR/rdf-mt/

[129] RDF Validation service by W3C: http://www.w3.0org/RD F/Validator/
[130] RDQL Tutorial : http://www.hpl.hp.com/semweb/doc/tutorial/RDQL/
[131] Rudolf RDFViz tool: http://www.ilrt.bris.ac.uk/di scovery/rdf-dev/rudolf/rdfviz/

[132] Stuart Russell, Peter Norveig: Articial Intelligence: A Modern Approach.
Addison-Wesley, 1994.

[133] G. Salton, M. J. McGill: Introduction to Modern Information Retrieval. McGraw-
Hill Book Company, 1983.

[134] A.Th. Schreiber, Barbara Dubbeldam, Jan WielemakeBob Wielinga: Ontology-
Based Photo Annotation IEEE Intelligent Systems, 16:66-74, 2001.

[135] Semantic Web Community Portal http://www.semanticweb.org/

[136] Pia Sivenius:Mestari ja Marguerite. Published in magazine Nuori Voima, nro. 6,
1995.

[137] Barry Smith: Ontology and information systemsforthcoming in Stanford Ency-
clopedia of Philosophy.

[138] Barry Smith, Christopher Welty: Ontology: Towards a New Synthe-
sis, introduction to proceedings of 2nd international confemece on For-
mal Ontology and Information Systems, New York, ACM Press, Q01.
http://www.cs.vassar.edu/faculty/welty/papers/fois- intro.pdf

[139] SONERA's topic search: http://www. /[CDA.CompanySearch.Companies/

[140] R. Studer, H. Eriksson, J. H. Gennari, S. W. Tu, D. Fen§eM. Musen: Ontologies
and the Con guration of Problem-Solving Methoddn B. R Gaines and M. A. Musen
(eds.), Proceedings of the 10th Ban Knowledge Acquisitiofior Knowledge-Based
Systems Workshop, Ban, Canada, 1996.

76



[141] John F. Sowa:Conceptual Structures: Information Processing in Mind andMa-
chine. Addison-Wesley, Reading, 1984.

[142] John F. Sowa:Knowledge Representation: Logical, Philosophical, and @puta-
tional Foundations Brooks/Cole, 2000.

[143] John F. Sowa's Web pagesittp://www.jfsowa.com/

[144] Peter Suber:Glossary of First-Order Logic Peter Suber, Philosophy Degaent,
Earlham College http://www.earlham.edu/ peters/courses/logsys/glossary.htm

[145] SUO, Standard Upper Ontologyhttp://suo.ieee.org
[146] Scalable Vector Graphics SVGhttp://www.w3.org/Graphics/SVG/

[147] B. Swartout, R. Patil, K. Knight, T. Russ: Toward Distributed use of Large-scale
Ontologies In B. R. Gaines and M. A. Musen, (eds.), Proceedings of the ttOBan
Knowledge Acquisition for Knowledge-Based Systems Worksgh, Ban, Canada,
1996.

[148] Semantic Web Web Rule Languagéttp://www.daml.org/2003/11/swrl/
[149] URI Uniform Resource Identi er speci cations: http://www.w3.org/Addressing/

[150] M. Uschold, M. Graninger: Ontologies, Principles, Methods and Applications
Knowledge Engineerin Review, vol. 11, nro. 2, 1996.

[151] Historical review of View-Based Systems: http://wwwiew-based-systems.com

[152] John Wilkins: An Essay Towards a Real Character and A Philosophical Langye
Originally published in 1668. http://reliant.teknowledge.com/Wilkins/

[153] E. Voorhees: Query expansion using lexical-semantic relationd®roceedings of
ACM SIGIR Intl. Conf. on Research and Development in Informion Retrieval,
p. 61-69, 1994.

[154] S. Weibel, J. Gridby, E. Miller: OCLC/NCSA Metadata Worksop Report Dublin,
EUA, 1995

[155] B.J. Wielinga, A.Th. Schreiber, J. Wielemaker, J.A.CSandberg:From Thesaurus
to Ontology. University of Amsterdam, Social Science Informatics.

[156] Visual Resources Associationhttp://www.vraweb.org/
VRA Core Categories, version 3.0: http://www.vraweb.orgkracore3.htm

[157] WordNet: http://www.cogsci.princeton.edu/ wn/
[158] W3C, World Wide Web Consortium http://www.w3.org/
[159] XML : http://lwww.w3.0rg/XML/

[160] J. Xu, W.B. Croft: Query Expansion Using Local and Global Document Analysis
Proceedings of the Nineteenth Annual International ACM SIER Conference on
Research and Development in Information Retrieval, pp. 411 1996.

77



[161] YSA, Yleinen suomalainen asiasanastoverkkopalvelu:
http://vesa.lib.helsinki. /ysa/index.html

[162] W. Zhao, R. Chellappaimage Based Face Recognition, Issues and Methotleage
Recognition and Classi cation, Edited by B. Javidi, MercelDekker, p. 375-402, 2002:
http://www.cfar.umd.edu/  wyzhao/publication.html

78



Appendix A: Content-Based Image Retrieval CBIR

While the text-based, eld-based, and structure-based inge retrieval paradigms (sect.
2) analyze the metadata that is created by human annotatorghe content-based image
retrieval (CBIR) paradigm analyzes the image data itself,.e., the physical elements of
images that were de ned in section 1.2. Figure 39 depicts adnarchy ofImage under-
standing and recognition . The Computerized part is explained in this appendix,
and the Not computerized part is explained in appendix B.

Image understanding and recognition

Computerized/CBIR Not computerized

Naive CBIR Computer vision Semiotics Esthetics  Cognitive scien

Machine vision

Figure 39: Some categories that describe elds of image umskanding and recognition.

Naive CBIR

Naive CBIR techniques collect di erent kinds of statisticsfrom digital images such as
color and edge distribution. In other words, di erent Iters are applied to images and the
Iters' output is analyzed to nd the kinds of regularities t hat can be used in categorizing
images. Nowadays for example search engines AltaVista, Yahand several others [23]
accommodate naive CBIR-techniques in image retrieval.

This branch of image understanding and recognition is catlehere naive because the
‘'understanding’ of the approach is very raw: two images ardansilar if they have the
same relative brightness or amount of the same color. Howevthese techniques can be
used as components with other more sophisticated techniquerhich are discussed in the
following.

Computer vision

Computer vision includes all the computerized methods andhéories that aim to create
applications that can automatically distinguish a somewhadeeper meaning of images'
physical elements than naive CBIR. There can be seen a simikand of relation between
standardized machine vision techniques and yet unstandardd computer vision tech-
niques than between 'normal’ applications and Arti cial Intelligence applications: when
a new computer vision technique becomes standardized, ,iieis sure that it works well,
then it can be called a machine vision technique.
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Computer vision aims to do automatically what can be done mally with tools like
Imarea [77], a prototypical editor that can be used to create metada that connects
images' physical elements to abstract elements. The usemcspecify any coordinates of
2D images' with the basic image processing tools: quadraegpolygon, and freehand-
tool. The speci ed coordinates can then be described with ¢éhaid of di erent metadata
schemas: Dublin core [28], FOAF [49], and WordNet [157]. Thereated metadata can
be saved either as a separate le or into the metadata eld of IEG and PNG image
formats in a reusable XML-based format (sect. 3.2.2) that flows the SVG-standard
[1486].

Figure 40 depicts a view of Imarea's user interface. As can Been in the category on

Figure 40: A view oflImage Area Annotators user interface.

the left side of the gure, an image with le name 'Crossingpg’ has two annotations:
coordinates of the two light posts have been speci ed with ctangles (svg:rect), and the
rectangles have been linked to Dublin Core's attribut&ubjectwith textual values 'Light
post 1' and 'Light post 2'.

Machine vision

Machine vision is widely used in the industry. A simple example of machine sion is
a pipeline-application where a robot identi es 'bad’ orangs from within the ones that
are good enough for selling. The robot is equipped withGmerg a modelof an average
'‘good' orange, a model of an average 'bad' orange, andcamparison algorithm The
model$? are taught to the robot with a machine learning applicationby providing a

42Several techniques can be used in the model construction su@s Bayes and neural networks, fuzzy
logic, self-organizing maps, and combinations of these. Hweever, hard-coded sensors can be applied
successfully in recognizing certain types of objects in knen conditions without using modern machine
learning techniques. In these cases the 'learning' is doneybadjusting the sensors.
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su cient training set; a set of photos about good and bad oranges. When the oranges
are moving on the pipeline the robot takes a photo of every gjte orange. The photo

is Itered into a form that can be used by the comparison algdéthm to decide whether

to accept an orange or not. The known and unchanging conditis in the pipeline
environment enable a successful Itering and comparison neal-time. There is always a
xed amount of light a xed posing anglea xed sizeof an orange relative to the size
of the whole photograph, and it is naturally know what is beig recognized.

Towards integrating formal ontologies with CBIR

The problems that are solved by the stable conditions in maate vision are the funda-
mental problems in other elds of computer vision [6, 162, 26 Take an arbitrary photo
about a human as an example. There can be di erent lighting cdlitions, di erent pos-
ing angles, and di erent sizes of the subject relative to thsize of the whole photo. The
Itering should dispose irrelevant information from the plotos and it is di cult to de-
cide which part of the information is relevant or irrelevantbecause of the heterogeneous
conditions. In the general case the problems of lighting,z&, and pose cannot be cleanly
separated. Objecto; under lighting conditions |; may look exactly like objecto, under
lighting conditions |,. With an arbitrary image there is no way to decide even in priciple

if the object that is the subject of recognition iso; or 0,. As an example of complexity,
an object can haven possible posing anglesn possible sizes, angh possible lighting
conditions. The size of a model containing all this informa&n would ben m p, when
the size of a model that could recognize the same object in gpline environment would
be 1.

Computer vision articles give often a very optimistic idea laout some methods used in
practice. Applications succeed to work su ciently and evenwell in constrained envi-
ronments or domains such as in corridors of a house and in faeeognition, but once
they step out of the familiar environment the recognition aliities face an insuperable
wall. Applications can recognize only what is included in thir model that is learned by
analyzing the training set photos. If an application can remynize a cow, it does not help
in recognizing a human. If both cows and humans were to be reguzed there should be
two models, one for cows and one for humans. This indicatesatithe size of a model
that could recognize more than one type of objects would grolmearly relative to the
amount of objects that can be successfully recognized.

The fundamental goal of computer vision is to create a systethat can use something
that it has already learned to learn new things more easily. e eventual solution to
the learning problem lies in combining CBIR techniques withwell-formed information
structures, formal ontologies. Interpretation of any imag is context dependent and it
is clear that understanding the relations of objects factites recognition. Recently,
semantically oriented techniques have been used succe$sfwith CBIR techniques [10,
97, 103]. For example in [10] the metadata that surround an iage, such as text on a
Web page where an image situated, is used as a starting poit tecognize the image's
physical elements. Acluster model similar to the category tree is used to reason that
a wave belongs to the sea and the sea belongs to the landscapeekample. Semantic
methods [70] were used in constructing the cluster model.

The benets of the ontology-based approach are explained thia greatly simpli ed
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recognizes, asm,, and so forth, the model that recognizes all objects i@ is denoted

Therefore the size oM is n, and the size oM grows linearly relative to the amount of
objects that can be recognized.

The goal is to identify and determine what is common to all mebers ofM and O so
that the things that have already been learned would faciléte recognizing new things of
the same type. An intersection is performed between all memats ofM , which is denoted
by M\ =\}_;m. M\ contains all that is common to all members oM . When M ,
has been calculatedM , can be dispatched from every member &l because there is
no need to multiply data. This is done by calculating the di @ence between all members

The size ofMnM | together with M\ is smaller thanM if two or more members of
M haveanythingincommon: size(MnM ) + size(M ) < size(M ).

As a concrete example, leM consist ofhorse, zebra and mule, i.e., modelM is capable
of recognizing these three animalsM = fhorse;zebra; mulg, and size(M ) = 3. The
intersectionM , = horse\ zebra mule contains all that is common to all members of :
they all walk on four legs, all have approximately the same kd of relative proportions
of body parts, and all have a mane, ears, eyes, and tail amonhgther features. Members
of the di erence f horse; zebra; mulgnM, then again contain only the special features
of horses, zebras, and mules such as the size factor, spdoah of the mane, ears, and
tail, and possible colors of the coat. If the size of the origal model M was 3, and
the size of M, is 0.5, then the size of the new modd{InM | together with M, is
sizeglM) n size(M,)+ sizeM,)=3 3 0:5+0:5=2. The greater is the amount
of items that have similarities, the greater is the relativdbene t because all things are
related up some degree.

Automatic clustering takes place at this point. The actual tustering of the models that

have been created is a great problem because the model frames that are used today
are not e ciently structured, and so it cannot be said just where in a model is the
part that recognizes a certain thing. If the models were weéitructured, the clustering

problem could be eventually reduced into matching sequerscer sets of integers, in order
to form a hierarchy of these sets. If the models are not semarally oriented in any way,

they can be considered as sets of large integers without nalication of the reason why
the integers are there as they are, and a successful compami®f two sets would seem
to be quite impossible.

The recognition of the members oD walks hand in hand with the clustering. Formal
ontologies are inevitably a promising aid to this problem: mderstanding the relations of
members ofO helps understanding the relations of members & and vice versa.
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Appendix B: General Concepts of Image Analysis

This appendix brie y discusses theNot computerized (g. 39 on p. 79) part of image
understanding and recognition, while appendix A explainethe Computerized part

(9. 39 on p. 79). The source of this appendix is [46] if otherasirces are not explicitly
mentioned.

A set of terms is used in analyzing images and art in general h& speci cation of these
terms is vague and they describe more or less the things. Soofethese are explained
with physicaland abstract elementsand their resemblanceshat were de ned in section

1.2. The things that are not a part of an image but have a ect orthe interpretation, such

as artists' intentions and history, can be taken also as alystct or physical elements. The
table below reveals the terms that are explained in the folkang. The abstract elements
are divided into direct and indirect resemblances of physitelements in the table.

Physical Elements Direct Resemblances Indirect Resemblan ces
Icon & Index Icon Index

Factual Content Truth content Truth content

Sign Signi cation Signi cation

Denotation Denotation Connotation

Punctum & Studium Punctum & Studium Punctum & Studium

Icon Index

The clearest examples of icons are abstract universal forsisch as 'square’ or 'triangle’
that are in iconic resemblancglR). IR can be founded on Aristotle'scorrespondence
theory of truth [112] which states that truth is a kind of correlation betwee belief and
reality; a sentence is true if it corresponds the realitylR is not crisp as in mathematical
logic, but it is always fuzzy and subjective. This is realiz&with the following test that
measures the degree oR.

An arbitrary image is denoted byi. A million people® are asked "what is the single
strongest form or idea ini?" The average answer i®. Then another million people
are given a task to drawa. The closeri is to an average drawingd, the stronger is the
IR of i. This way the test of IR can be seen as a triplei;@; d), where the similarity
of i and d is being measured. ThdR would probably be quite strong ifi would be
either the left or the right side of gure 41, but if i would be the whole gure 41, the
IR would not be as strong. The direct resemblances 'circle' anshjuare' would mediate
together and resemble something else, wherebyvould probably not be very close tad

Figure 41: ?

430r an adequate amount of people in order to make the results othe test objective.
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because there is not a single right word, phrase or conceptathdescribes the indirect
resemblances of the whole gure 41. In this casecould resemble 'circle and square’,
‘geometrical objects’, or 'two forms' for example. The sampattern can be distinguished
with myriads of things like alphabetic letters: one letter &one can resemble itself but a
collection of letters forms other concepts, words.

In the above test the average answex was in form of text, but the answer could also be
in form of sound or anything else that can be percepted. Aldoand d could be of any
perceptual type, other thana, because ifa is of the same type thani and d, the test
of IR can get blurred. The test can be applied also in measuring trsemilarity of two
or more things of di erent perceptual types. As an example, ord 'pipe’ is the average
answera wheni is an image about a pipe. Image of pipe and a real physical snruk
pipe are in iconic resemblance because the average ansaisrthe same for both of them.

Unlike icon, index does not have a strong iconic resemblance. Index resembleasprily
something else than its own visual form. Icon-index relatiships of the images on gure
42 and are analyzed in the following. The physical elementesembling smoke on the

Fire Smoke
Indirect resemblance Indirect resemblance
Smoke Fire
Direct resemblance Direct resemblance

Figure 42: Two separate photographs.

left side of gure 42 can be interpreted as index of re becaessmoke resembles re
indirectly. Fire can be considered as index of smoke on thghit side of gure 42 but not

as strongly as smoke is an index of re: smoke could be easierpreted also as fog or
cloud for example. When re and smoke clearly appear in the sg& photo, a mapping
can be made between these two direct resemblances.

The general usage of icon and index is tied to physical elen®n If abstract relations

of things are described with icon and index outside of any phical elements, two more
terms have to be de ned:abstract iconand abstract index In the left of gure 42 smoke

is an index of an abstract icon, re, and in the right side re would be an index of an
abstract icon, smoke. To avoid these complex terms we can aslhwiseabstract elements
that are derived from direct and indirectresemblance®f physical elements

The general usage of icon and index can also be speci ed witlsienple logical predicate
resemblegb; 9, meaning ‘physical elemenb resembles abstract elemert. If the predi-
cate is extended so thab and c could be both physical and abstract elements, it could
be used also to describe relations of pure abstract ontologi concepts instead of just
linking images' physical elements to abstract concepts.
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Factual Content Truth Content

Walter Benjamin (1892-1940) used ternfactual content(translation from German) [15]

for the physical elements of a work of art andruth content to describe the abstract
resemblances of the factual content. When truth content is alirect resemblance,
then the factual content is in iconic resemblance. When trlit content is an indirect

resemblance, it can be derived from the factual content with chain or network of two

or more resemblances. Benjamin also discussed the e ect dbktenvironment to the

interpretation of a work of art along the time [14]: the truth content can change along
the change of time and place while the factual content remasirelatively the same.

Sign  Signi cation

Signs can be percepted in audial, visual, or in any other sensiblerm. These signs
have meaningssigni cations. In images signs are physical elements and signi cations
are abstract elements that are derived from the direct and d@irect resemblances of the
physical elements.

Denotation Connotation

Denotation and connotation are not constrained only to the ralysis but t describing
also the photographing process (creation of art) where desation stands for 'what is
photographed' and connotation for 'how was it photographéd46, 11]. In the analysis
denotation stands for the physical elements that a piece oftaconsists of, and their
direct resemblances. When physical elemeptis denotative, p is in iconic resemblance.
Connotative physical elements then again resemble sometbielse than their own visual
form, like smoke resembles re. The meaning of the connotaé physical elements can
be eventually derived from their resemblances and how theaet with the resemblances
of other physical elements.

Punctum Studium

Roland Barthes (1915-1980) de ned punctum [12] as sometlgithat clearly comes out of
the image, the strongest emotion, Firstness (sect. 3.1.4%tudium is the objective study
that explains how and where the punctum is derived from. Bahies maintained that "It
is impossible to set a deterministic rule to specify the refi@nships that connect punctum
to studium in general,” which is true because subjective apions of individual humans
cannot be deterministically known or anticipated, at leasup to a degree of 100%. The
average punctums and studiums can however be measured byiagkhese from many
people, as was done with the test of iconic resemblance. Ashysgical element punctum
denotes some area of an image, i.e., the whole image or a propgbset of the image,
when studium would explain its direct and indirect resemblaces. As an abstract element
punctum is derived from the physical elements directly or & a path of resemblances.
If punctum is a direct resemblance, then studium would expia that the punctum is in
iconic resemblance. If punctum is an indirect resemblanctien studium would explain
the paths of resemblances between the physical elements ahd punctum.
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Appendix C: Examples of Ontologies

This appendix gives examples of well known philosophical @rformal ontologies. The
examples are given in a timely order based on the appearandetlze original sources.
The category tree examples are in accordance with the de min of section 3.1 with
one exception that is examined and then represented as a plaiategory tree structure.
The absurd type ? is left undrawn in most of the cases because of representatd
reasons. Three of today's largest existing formal ontolagg, the Open Directory Project,
WordNet, and CYC are also brie y reviewed.

The table below connects some of the top level categories bétcategory tree examples,
l.e., tells which categories in di erent trees have approriately the same meaning.

Plato Porphyry Brentano CYC Sowa

> Substance  Being Thing >
Physical Material Substance ? Physical
Abstract Immaterial Accident ? Abstract

Plato's Categories

The rst example reveals Plato's (427-347 BC) categories earding to [122]. Plato
divided things generally to two categories, to thé\bstract world as the ultimate truth,
and to the Physical world as merely an imperfect implementation of the abstraaworld.

In fact, Plato gave the lowest value tolmage s, because images (such as statues and
paintings) are only re ections of thePhysical world. Therefore,Image and Physical
objects could have been set directly below as well. Plato named the relation between
Image s and the Physical world as mimesis and the relation between theAbstract

and the Physical world as mathesis

%UMQ genos  to tou horomenou geno Abstract Physical
i is ei ; to fyteuton kai to
idea  hypothesis eidos eikon (g ieLon genos Idea HypothesisForm Image Physical objects

Figure 43: Plato's categories in Greek and in English.

Even though Plato preceded Aristotle (384-322 BC) also in rtephysics, Plato's works
were widely studied in the Latin speaking Europe very much tar than Aristotle's works
on logic [5], which were translated by the Neoplatonist Bokius (c. 480-524AD) and
were studied already during the Roman Empire. Plato's 'ultnate truth' corresponds to
category Abstract , because he did not explicitly specify the universal type which is
drawn on gure 43. Therefore, Plato's categories could be peesented also simply by
Abstract and its three subcategories, and by setting the physical dadgts as instances
of one or more successor @bstract . Image s could then be set as (sub)instances of
the physical objects.
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Tree of Porphyry

The oldest known tree diagram that depicts a philosophicalnbology was drawn by the
Greek philosopher Porphyry (circa 233-305 AD) in hifntroduction to Categories which
is a commentary on Aristotle'sCategories that is again the rst part of Aristotle's Logic
[5]. It incorporated Aristotle's logical foundations intoNeoplatonism, and especially the
problem of universals and particular¥,

Figure 44 depicts John Sowa's clari cation [142, 143] of th&ee of Porphyry as it was
drawn by the logician Peter of Spain in 1329. It illustrates e categories undefSub-
stance, which is called the supreme genus or the most general catggo Naturally,
Aristotle’'s Substance corresponds to the universal type>. The tree also visually in-

troduced, or made a separation between the categories ancetimdividuals (instances
particulars).

Figure 44: The tree of Pophyry.

This visualization of Aristotle's categories does not fadw exactly the de nition of the
category tree, but the same information can be representeditiv plain category tree
formalism as can be seen in gure 45 in p. 88, that is even singplthan the Tree

of Porphyry. And after all, the Tree of Porphyry is only a viswalization of Aristotle's
categories.

44Boethius' Isagogeis a Latin translation of Porphyry's Introduction to Categories. Boethius' Isa-
goge became a standard medieval textbook that set the stage for ndieval philosophical-theological
development of logic and the problem of universals.
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The category trees in gure 45 are all in correspondence withe Tree of Porphyry. The

viewer can reason the meaning of the categories even if they aot visually classi ed

with explicit relation-tags as in the Tree of Porphyry. Alsothe division to categories and
individuals is clear, even if there are no explicit tags thatell this.

Substance

Physical-Material Abstract-immaterial BC’WY\SDIHI

Organic-Animate-Living Unorganic-Inanimate-Mineral Living Mineral
Animal-Sensitive Plant-Insensitive Animal Plant
I
Human-Rational Beast-Irrational Human Beast
Socrates Plato Aristotle Socrates Plato Aristotle
Material Immaterial
Animate Inanimate
Sensitive Insensitive
Rational Irrational

Socrates Plato Aristotle

Figure 45: These three visualizations show that the same armation that is in the Tree
of Porphyry can be greatly simpli ed, yet not loosing any inbrmation.
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Wilkins' Categories

The top level hierarchy of John Wilkins (1614-1672) is parnglin resemblance with Aris-
totle's categories as gures 46 and 47 reveal. The example gure 46 is taken from
Wilkins' 376-page book about the English grammarAn Essay Towards a Real Character
and A Philosophical Languagé§l52].

The categories that are typed in capital letters and have a Roan index number in the
end are pointers to other category trees in the book. The boaontains a large ontology,
i.e., similar kinds of categorizations than in gure 46 whik are drawn from left to right
instead of top to bottom because of representational reasan

Figure 46: Top level hierarchy of John Wilkins.
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The book is organized in four chapters: chapter 1 describdsethistory of language from
the fall of Tower of Babel until 1700's, chapter 2 contains th ontology that de nes

the meaning of words, chapter 3 explains the English grammaire., how the categories
should be used in general, and chapter 4 gives examples of tibevgrammar is actually

applied in creation of English sentences. Examples that egé hundreds of other human
languages to the ontology are included.

There are many categories in Wilkins' top level hierarchy siilar to those of Aristotle,
but Wilkins has speci ed a greatly deeper hierarchy, and theneaning of Wilkins' cat-
egories is harder to understand than of those few categorigsthe Tree of Porphyry.
Nevertheless, also Wilkins' layout follows the rules of cagory tree. Figure 47 clari es
some of Wilkins' top level hierarchy, but understanding thewhole tree would require
exploring the categories deeper in the hierarchy.

/\

Special General or universal notions
Creator Creatures Words/Discourse Transcendental things
Father Son Holy spirit  Collectively/Universe Distributively Mixed relation Action relation Transcendental general thi
Spiritual Corporeal Substances Accidents
With body Without body  Parts Circles Inanimate AnimatQuantity Quality Action Relation
Terrestrial ~ Celestial Part Species
Animate Inanimate Vegetative Sensitive
Water Land Imperfect Perfect Exangiunous  Sanguinous
Herb/Grass Mineral Plant Animal Man Stone Metal Herb Shrub TreeFish Bird Beast

Figure 47: Clari cation of a part of Wilkins'es top level higarchy.

General or universal notions  could be taken asAbstract of Plato's tree andimma-
terial of the Tree of Porphyry, andSpecial asPhysical of Plato's tree andMaterial
of the Tree of Porphyry, but sinceAccidents is a successor dbpecial, and Accident
clearly describes abstract things, this does not seem to beclear case.

As can be seen, Wilkins 'used' the idea of multiple inheritaze of categories: there are
for example two paths of categories leading to classi catis of animals and two paths
leading to classi cation of plants, as cab be seen on the botnh level of gure 47. The
classi cation of animals and plants are two of the deepest tegorizations in Wilkins'
book.
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Brentano's Tree

The next example shows another visualization of Aristotle' categories. The tree in
Figure 48 is based on a diagram by Franz Brentano (1838-19]10yiginated in 1862
[142]. In the rst treatise of Aristotle's collected works p], Aristotle presented ten
basic categories, which are shown as the leaves of the treeFigure 51. To connect
the categories of Figure 48, Brentano added some terms tak&om other works by

Aristotle, including the top node Being and the terms at the branching categories:
Accident , Property , Inherence , Directedness , Containment , Movement , and

Intermediacy

Figure 48: Brentano's tree of Aristotle's categories.
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CYC

The top level categories of CYC [142, 27] in gure 49 are a cleaxample of how the
meaning of categories comes from the meaning of their susms and predecessors, and
how categories only describe things in contrast to each othe

Figure 49: Top level categories of CYC.

CYC (enCYClopedia) [100, 60, 27] was initiated in the 1980's inoarse of providing
common-sense reasoning support for Arti cial Intelligene programs. Cyc provides the
worldwide largest single formalized ontology, and can beeseas an extreme example
of high level of formalization, when WordNet (p. 93) and ODP [§. 93) provide a
low level of formalization. Hundreds of thousands of concephave been formalized
with millions of logical axioms, rules, and other assertia which specify constraints of
individual objects and classes. CyclLanguage is used to exps Cyc ontology. CycL's
syntax is derived from rst-order predicate calculus throgh the use ofsecondorder
concepts. Predicates express relationships of the categsrand other entities of CycL.
CycL has one universal quanti erforAll, and four existential quanti ers, thereExists
thereExistAtLeast thereExistAtMost, and thereExistExactly Additional quanti ers can
be introduced by making the appropriate assertions. Logitaonnectives énd, or, and
not) are used to build more complex formulas from other formulasNew connectives
can be introduced simply by inserting a formula of that e ectinto the knowledge base.
CycL accommodates a variety of truth-valuesdefault true, monotonically true default
false monotonically false and unknown), fuzzy truth values, fuzzy attributes and sets,
and Bayesian probabilities and dependencies.

CycL is a highly expressive language, but the pay-o with thexpressive power is the us-
ability and maintainability, which is the case also with ealy Description Logic Language
knowledge bases [108, 31]. CycL has a di erent scope and posp than the Semantic
Web ontology languages for example, and is a lot of harder take in use than these
simple languages disregarding the intended usage, and thaimaining task of CYC is

huge because of hundreds of thousands of axioms and complges. Description Logic
Languages like Cyc certainly have a place in the toolkit of soaceptual modeler but they
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have not gained much popularity as raw tools for conceptual mdeling in the past [13].
The question remains: "Can Cyc give answers to the questionsir applications need or
do the distributed Semantic Web ontologies run over Cyc in # long run?"

Wordnet

WordNet was developed by the Cognitive Science Laboratory at Printoe University
[25, 39, 157]. WordNet is an on-line lexical reference systevhere English nouns, verbs,
and adjectives are organized into synonym sets, each reetsng one underlying lexical
concept. The initial idea of WordNet was providing aid in bravsing dictionaries concep-
tually, instead of trying to brows dictionaries alphabetially. Therefore, WordNet can be
called a dictionary which is based on psycholinguistic praiples.

WordNet divides the lexicon into ve categories:noun, verb, adjective adverh and func-

tion word. WordNet organizes lexical information in terms of word meangs rather than

word forms. Therefore, semantic relationships are used forganization. Examples of
these relationships are synonym (similarity in meaning of evds), antonym (dichotomy
in meaning of words, for exampleyictory versusdefea), homonym (is-a relationship
between words), meronym (part-of relationship between wds), and morphological re-
lations to reduce word forms. WordNet does not provide any dgtions of semantics

in a formal language, which leaves the de nitions vague andmits the possibility for

automatic reasoning support. At last count, the WordNet hadgrown into an unprece-
dented web of 138,838 English words linked in hundreds of tands of di erent ways.
A multilingual EuroWordNet [37] also exists in the meantime

Open Directory Project

The Open Directory Project ODP [116] is the largest and most comprehensive human-
edited directory on the Web. It is increasingly used for seehing and annotating Web
sites and is evolving all the time. ODP organizes Web sites & category hierarchy. A
user can annotate a Web page starting from ODP's top level higchy ( g. 50) that is
used as a hyperlink structure: a user goes deeper in the hiatay simply by clicking the
currently presented categories. When the wanted categoryfound, the user can annotate
a URI with a title and a description of the site. The user can n@rally only search for
something and not annotate anything. ODP is compared to texbased annotation and
retrieval systems in section 5. Currently there are about 9000 categories and 4 million
site URI's annotated in the system. ODP supports multiple iheritance of categories,
but does not support multi-instantiation, i.e., the ability to link a Web page to more
than one category. This causes more necessary pay-0 s in tbategory structure than
with multi-instantiation. Currently a user can select only one category at a time, and
other categories are revealed to the users as recommendadidhat are based on the
successor-predecessor relationships of the categories.

ODP is hosted and administered by Netscape Communication €uration, and is con-
structed and maintained by a vast, global community of over 5000 volunteered editors,
which facilitates the commitment of a large group to the onttmgy. ODP powers the
core directory services for the Web's largest and most populsearch engines including
Netscape Search [111], AOL Search [4], Google [55], Lycd¥S[1HotBot [71], DirectHit
[30], and hundreds of others.
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Figure 50: Top level categories of ODP.

Recently, there has appeared public complaints about ODP&ditors subjectivity: if an
editor has a commercial rm that has been placed under the sancategory that he/she
edits, then the editor's personal interests endanger the Isonission of similar rms to that
category. It can also take many months until the system proply accepts an annotation,
and the user gets no noti cations about how the process of agatance proceeds.
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Sowa's Diamond

The last and the newest well known example of a philosophiceategory tree is called
Sowa's Diamond created by John F. Sowa (1940-) [142, 143, 59].

Sowa's Diamond is very sophisticated and quite hard to undstand at the rst glance.

It clearly integrates the insights of very many philosopher quite successfully, because it
is not in contradiction with the other examples in this appedix, but only takes them
further.

It is the only example of a category tree here where there areone subcategories of
> than only Physical and Abstract . There are alsoContinuant -Occurrent and
Independent -Relative -Mediating , which correspond toFirstness, Secondness, Third-
ness(sect. 3.1.4) respectively. Even if these concepts are usetategories, the principle
of triads is applied with all the categories, i.e, FirstnessSecondness, and Thirdness can
be used also to explain the meaning of the categories.

There are not many categories that aréyped with the same character stringghan the
English translations of Aristotle's categories, but many bSowa's categories have a similar
kind of meaning than Aristotle's categories. In addition tothe correspondences that
are claried in the table in p. 86, the category that has beenyped asProperty in
Brentano's tree, Slot and Attribute in CYC, and Accidents in Wilkins' tree, have
been divided into three categories in Sowa's DiamondActuality , Prehension , and
Nexus . Another similarity is that category Abstract has three subcategories in Sowa's
Diamond: Form , Proposition , and Intention , which correspond to Plato'sForm ,
Hypothesis , and Idea respectively.

The tree bene ts also of multiple inheritance of categorieas does Wilkins' tree. If the
absurd type ? is disregarded, the categories on the lowest level can be ¢akas the
leaves of the tree. The character strings that the titles ofrie leaves consist of could be
changed, yet not changing the meaning of thenchema could be turned into Domain

or Context , Description into Wiewpoint , and Reason into Goal or Objective .

Figure 51: Sowa's Diamond

95



