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ABSTRACT

The main digital preservation strategies are based on meta-
data and in many cases Semantic Web languages, like RDF /S,
are used for expressing them. However RDF/S schemas or
ontologies are not static, but evolve. This evolution usu-
ally happens independently of the “metadata” (ontological
instance descriptions) which are stored in the various Meta-
data Repositories (MRs) or Knowledge Bases (KBs). Never-
theless, it is a common practice for a MR /KB to periodically
update its ontologies to their latest versions by “migrating”
the available instance descriptions to the latest ontology ver-
sions. Such migrations incur gaps regarding the specificity
of the migrated metadata, i.e. inability to distinguish those
descriptions that should be reexamined (for possible spe-
cialization as consequence of the migration) from those for
which no reexamination is justified. Consequently, there is a
need for principles, techniques, and tools for managing the
uncertainty incurred by such migrations, specifically tech-
niques for (a) identifying automatically the descriptions that
are candidate for specialization, (b) computing, ranking and
recommending possible specializations, and (c) flexible in-
teractive techniques for updating the available descriptions
(and their candidate specializations), after the user (cura-
tor of the repository) accepts/rejects such recommendations.
This problem is especially important for curated knowledge
bases which have increased quality requirements (as in e-
Science). In this paper we elaborate on this problem, we
propose a general approach, and discuss examples and a
prototype application that we have developed assuming the
RFD/S framework.

1. INTRODUCTION

The main (if not all) digital preservation approaches (e.g.
the OAIS-based) heavily rely on the existence and curation
of metadata, and currently Semantic Web languages, like
RDF/S, are increasingly used for expressing them (e.g. see
[9, 8]). However ontologies change for various reasons, e.g.
an ontology may need to change because it offers a richer
conceptualization of the problem domain, the domain of in-

terest has been changed, the perspective under which the
domain is viewed has changed, or the user/application needs
have changed, and so on.

An important observation is that this evolution happens in-
dependently of the ontological instance descriptions which
are stored in the various Metadata Repositories (MRs) or
Knowledge Bases (KBs). With the term ontological instance
description, (for short "metadata”) we refer to RDF/S [3] de-
scriptions that classify an instance o to a class ¢ or relate
two instances o,0’ with a property pr. With the term MR
or KB, we refer to a stored corpus of ontological instance de-
scriptions, which can be stored in files, in RDF/S databases
(i.e. RDF triple-stores [10]), or in the rapidly growing Linked
Open Data (LOD) cloud [2]. Due to the distributed nature
of the Web and the Semantic Web, the evolution of ontolo-
gies happens independently of the ontological instance de-
scriptions, e.g. this is the case with ontologies maintained
by standardization authorities. However, it is a common
practice (mainly for interoperability purposes) for a KB to
periodically update its ontologies to their latest versions by
“migrating” the stored instance descriptions to the latest on-
tology versions. This is actually inevitable since scientific
terminology and vocabularies constantly evolve. Such mi-
grations are usually not difficult (i.e. can be performed au-
tomatically without need for human intervention), because
newer versions are mainly (or constructed to be) compati-
ble with past ones. Nevertheless, they incur gaps regarding
the specificity of the migrated instance descriptions, i.e. in-
ability to distinguish those that should be reexamined (for
possible specialization as consequence of the migration) from
those for which no reexamination is justified. It follows that
quality control is very laborious and error-prone. In this pa-
per we introduce an approach for alleviating this problem.

Consider a corpus of instance descriptions and suppose that
at certain points in time we can assert, that the available
instance descriptions are the most specific and detailed de-
scriptions that are possible with respect to the employed
ontology. In other words, our metadata are at a good state.
For instance, we can make such an assumption after explicit
human (e.g. by the curator of the KB) inspection and ver-
ification [4], or in cases where the descriptions have been
produced automatically by a method that is guaranteed to
produce specific descriptions (e.g. by transforming curated
relational data to RDF/S descriptions [14], or by automatic
classification to categories each defined by sufficient and nec-
essary conditions, etc.). We will hereafter refer to this as-
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sumption by the name mazimum specificity assumption (for
short MSA). It is not hard to see that if the new version
of the ontology is richer than the past one, then the corpus
of the migrated instance descriptions may no longer satisfy
the MSA with respect to the new ontology.

The ability to identify the instance descriptions that satisfy
the MSA and those that do not, is useful in order to ad-
dress questions of the form: (a) for what descriptions can
we make the MSA? (b) what (class or property) instances
should probably be reclassified (to more refined classes or
properties), and (c) which are the candidate new classes or
properties (refinements) of such instances? The above ques-
tions are very useful for curating a corpus of instance de-
scriptions, i.e. for managing its specificity as the corpus (and
its ontologies) evolves over time. Without special support,
such tasks would be unacceptably expensive and vulnerable
to omissions, for large datasets.

The problem occurs in various domains, including Digital
Libraries (e.g. as the Library of Congress Subject Headings
LCSH evolves), in Biomedicine/Bioinformatics (Gene On-
tology), in e-Government (0eGOV Ontologies), etc. Figure 1
sketches some small and indicative examples of ontology evo-
lution. Our work can aid the curation of structured knowl-
edge, i.e. of digital content that is structured according to
a structurally object-oriented model, like RDF/S. For in-
stance, the datasets published in LOD fall into this category.
For other kinds of content (e.g. documents, audiovisual ma-
terial, etc), our work can aid the curation of their metadata.
For instance consider the Dublin Core' metadata schema. In
many of its elements (attributes) it is suggested to use values
coming from controlled (but evolving over time) vocabular-
ies. For instance, this is the case for the attributes subject
(for describing the topic of the resource), language (where
it is recommended to use a controlled vocabulary), coverage
(for describing the spatial or temporal topic of the resource),
and format (where the use of MIME types are suggested).
Furthermore, various subproperties for the metadata element
relation have been proposed in various contexts®. As an-
other case, consider annotations/tags of images (e.g. medi-
cal images) or entire datasets using elements from an evolv-
ing (e.g. medical) ontology, or provenance metadata (e.g.
provenance trails of 3D models) that involve artifacts (e.g.
photos) and actors (e.g. photo cameras) identified by URIs
and described by various metadata from evolving ontologies.
Also note that CIDOC CRM which is an ISO standard for
the cultural domain, consists of 86 classes and 137 prop-
erties, while its extension for digital objects, CRMdig [15],
currently contains 31 classes and 70 properties. In general
we can say that RDF/S is currently the “lingua franca” for
metadata representation and exchange, and this is the rea-
son why in this work we use it as representation framework.
Furthermore our work could be used in cases where the in-
formation object of an information carrier (of any kind), as
described in [6], is expressed using RDF/S.

We will explain the main idea of our approach using a small
example.

ExXAMPLE 1. Consider an e-commerce portal that sells var-

"http://dublincore.org/documents/dces/
’E.g. at EDM (Europeana Data Model).

ious kinds of products, and suppose the metadata that are
shown in the left part of Figure 2. Suppose a car cl that has
been classified under the class Car, and a person pl that has
been classified under the class Person, defined in an ontol-
ogy Ontl, and suppose that both classes have no subclasses.
Assume that for the current set of instance descriptions ac-
cording to Ontl the MSA holds (i.e. they are complete with
respect to specificity). We can infer, from this knowledge,
that c1 is not a Person and pl is not a Car. Let Ont2 be
a new version of that ontology which, among other, defines
the subclasses of the classes Car and Person, shown at Fig-
ure 2 (right). All subclasses of Car are possible classes for
cl. Adult is not a possible class for cl, since cl was not
a person according to Ontl. Analogously, none of the sub-
classes of Car is a possible class for pl, since pl was not
a car according to Ontl. Moreover, notice that Ontl de-
fines a property owns and suppose that (pl owns cl) is an
instance description. Also notice that Ont2 defines a sub-
property sells of owns between Person and Car. This prop-
erty will be prompted as a possible specialization of the as-
sociation between pl and cl.

The computation of possible refinements in the general case
can be complex since we can have conflicts among (a) new
positive knowledge inferable from the instance descriptions
and the new schema, (b) new “negative” information infer-
able from the past negative instance descriptions and the
new schema, and (c) the previously computed possible in-
stance descriptions (possible refinements). In fact, our ap-
proach resolves such conflicts by considering that (a) has
higher priority than (b), and (b) has higher priority than
(c). In addition, it should be possible to update correctly
the set of possibilities, at scenarios with several successive
instance migrations interwoven with several (positive or neg-
ative) user feedbacks. Finally, another challenge is to reduce
the information that has to be kept to support this scenario,
specifically to avoid having to keep negative information of
any kind, and to devise compact representations for the pos-
sibilities.

We could say that from a more general perspective, our
work contributes in enriching the lifecycle of Semantic Web
data with quality management, appropriate for scenarios
where ontologies evolve frequently and independently from
instance descriptions. As a consequence, this allows adopt-
ing iterative and agile ontology modeling approaches, appro-
priate for open environments like Linked Open Data. Note
that though there are several works and approaches for deal-
ing with the validity of data during migration in the context
of RDF/S (e.g. [11, 7, 13]), there is no work for managing
their specificity and quality while ontologies evolve.

The rest of this paper is organized as follows. Section 2 pro-
poses a process model for managing the specificity of meta-
data, and discusses (mainly through examples) the princi-
ples of our approach. Section 3 describes the prototype ap-
plication that we have developed which is publicly available.
Finally, Section 4 concludes the paper and identifies issues
for further research.

A thorough elaboration of the problem (that includes for-
mal definitions, algorithms, complexity and experimental re-
sults) is available in a technical report submitted for journal
publication.

Page 47



Scientific Terminology

Social Data

Geopolitical Areas

immune
response

domain

range

immune

response domain

humoral
immune

innate
immune

domain

Cultural Documentation

P87 is identified by

E44 Place Appellation

E53 Place

P7 took place at
(witnessed)

E4 Period

(is former or

Cerntlocﬁof 44 E18 Physical Thing

)

CIDOC CRM

P88 consists of
(forms part of)
P89 falls within =

(contains)

P87is identified by
(identifies)

E44 Place Appellation

E46 Section Definition

E53 Place

P7 took place at]

P26 moved to
(was destination of)

P27 moved from

witnessed) E4 Period

A

E9 Move

(was origin of)

P58 has section definition
(defines section)

| E47 Spatial Coordinates

/l E48 Place Name |
E45 Address

P25 mo
(moved

led
Y)

E18 Physical Thi
A

A

E19 Physical Object

Figure 1: Examples of ontology evolution from various application domains

Second Version —Ont2
domain range
Ontology Person owns Car
FirstVersion — Ont1l Evolution U 4>
[\ dorpain range /
e — =] i
— ‘o <~ Neels Lol Ecological
Adult) v ¢ QDiesel
\ \‘ 1
\‘ \ " Hybrid Electric
' —
~ —~ -
Instance Descriptions Migration of o
Instance Instance Descriptions
Descriptions

Figure 2: Introductory example

Page 48



The Proposed Migration Process

The Current

act The Proposed Migration Process /

Activitylnitial

Migration Process

act The Current Migration Process /

Activitylnitial

The curator
downloads the latest
ontology version

The curator downloads
the latest ontology

\ersion Ve
Migration of the
metadata to that
version
N—

Migration of the
metadata_l to that S

\ersion Computation of
possibilities for the
metadata

The curator manually

may try to revise some
of the metadata

Curation Process

/ «iterative»

' ( B
! Instance Selection

Display a ranked subset of
Possibilities for the selected

Instance

Acoept Possililities? Update KB in No
Acceptance case (certain

and possible part)

INO]

[YES]

Update KB in Acceptance case
(certain and possible part)

Completed
®
ActivityFinal

ActivityFinal

Figure 3: Current and Proposed Migration Process

2. THE APPROACH

2.1 The Life-Cycle

Apart from identifying the information that could be fur-
ther specialized (as we discussed just before), we would like
to aid making it as specific as possible. Therefore, we should
support flexible and interactive processes for managing the
computed possibilities, where the user will be able to either
accept or reject the computed recommendations, and even-
tually update the knowledge base reaching to a state where
the MSA holds (at least for those resources for which this is
possible). The ranking of possibilities is important for de-
signing user-friendly interaction schemes, since we may have
a high number of recommendations. Essentially, we propose
a process like the one sketched in the right part of Figure
3. Specifically, assume that the user selects some instances
then the system displays ranked all or some of the possible
instance descriptions for the selected instances. The user ac-
cepts or rejects these instance descriptions and the system
updates appropriately the KB and its possible part. Note
that the possible part of the KB is stored explicitly and sep-
arately. In our toy example, this means that we can rank
the possible classes for c1, so that if the user is prompted to
select a possible class for c1, then Diesel and Ecological
will be the first classes to be displayed. If the user rejects
the class Ecological, then all its subclasses will be rejected
from the possible classes (and this reduces the effort required
for reaching a state where the MSA holds).

2.2 Foundations and Examples

For reasons of space here we describe only the main points
of the theory (the reader can refer to the technical report
for the details) and provide some indicative examples.

For expressing (actually bounding) the uncertainty regard-
ing the specificity of a description caused by its migration to
a new schema, we introduce the notion of possible instance
triples. To capture the various application-specific assump-
tions about the specificity of the descriptions of a KB, we
introduce the notion of TFP-partition (True-False-Possible
partition). We denote the TFP-partition of a KB K by a
triple (of the form C;(K), Mk, Px), the first being a set of
positive instance triples (explicitly stated or inferrable), the
second is a set of negative instance triples, and the last is a
set of possible instance triples.

We view the migration of a set of instance triples to a new
schema S’ as a transition between two TFP-partitions, i.e.
(Ci(K),MK,PK) ~ (Ci(Kl),MK/7PK/). Note that the
new schema S’ can be backwards or non-backwards compat-
ible with the current schema S. Schema S’ is backwards
compatible with S, if the closure of S (based on the stan-
dard inference rules of RDF/S) is subset of the closure of
S’

The transition between two TFP-partitions, is governed by
few postulates which are very general (i.e. RDF/S indepen-
dent). We adopt two postulates for the case of backwards
compatible, and an additional one (third) for the case of
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non-backwards compatible schema evolution.

Specifically the first postulate (P1) gives priority to the pos-
itive knowledge inferrable from the instance triples and the
new schema, and it is consistent with (and reminiscent of)
the principle “Recent knowledge prevails the old one” (also,
called “Principle of Success” [1] and “Primacy of New Infor-
mation” [5]).

The second postulate (P2) states that past negative infor-
mation cannot become possible, meaning that past negative
information is preserved as long as it does not contradict
with the new positive knowledge.

The last postulate (P3), which is needed only when the new
schema is not backwards compatible with the old schema,
states and those instance triples that were previously pos-
itive, but according to the new schema are not, should be
considered in the new TFP-partition as negative (not possi-
ble).

Based on the above postulates, a small set of derivation
rules are defined for carrying out a transition for the case
of RDF/S. It is important to note that transitions between
TFP-partitions can be defined without having to keep any
negative information (i.e. the “M” part of a TFP-partition).
Instead only the certain and the possible part of the KB has
to be kept, reaching to what we call extended KB (eKB). A
further compression of the possible part of the eKB is feasi-
ble and suitable for large data sets. Specifically a compact
(interval-based) representation of the set of possible instance
triples is possible. However the important point is that if the
curation process is followed and the curator accepts/rejects
the migration-related uncertainties, then the possible part
of the KB becomes empty, i.e. no extra storage is required.

Figure 4 illustrates two migrations. The initial schema (at
left) contains only one class Person. The KB contains only
one instance triple, stating that John is a Person. In the
second schema (at the middle) we can see that the class
Person has been extended with five subclasses. During the
migration all these classes are considered as possible classes
for John. In the figure they are enclosed by a dashed rect-
angle and the natural numbers indicate their ranking. Now
suppose that the system suggests as possible classes for John
only those with rank 1, i.e. the class Student and the class
Employee. If we suppose that the curator rejects them, then
at the right of the figure we can see the new KB. Notice that
the set of possible instance triples becomes empty.

Figure 5 illustrates a variation of the previous scenario, where
we assume that the system suggests to the curator only three
(of the five) possible classes for John, namely the classes Stu-
dent, PostGraduate, and Employee. Here we assume that
the curator decides to accept the recommendation Post-
Graduate. At the right diagram we can see the new state
of the KB. The set of new possible instance triples contain
only that John could be PhD_Student.

Figure 6 shows an example of a migration to a non back-
wards compatible schema (notice that one subclassOf re-
lationship has been deleted). The left diagram shows the
possible classes for John (result of past migrations). At the

bottom of the figure we can see the TFP-partition of these
KBs. Note that John is no longer Permanent Employee due
to (P3). Also note that the previously possible instance
triple (John, type, Full-time Permanent Employee) has
been removed and does not belong to Pgs because (John,
type, Permanent Employee) is now negative.

The previous examples involved only classes. Properties are
analogously treated. An example is shown at Fig 7.

For reasons of completeness, here we describe the rules that
determine how the possibilities after a migration are defined.
Suppose we are in the context of a transition (C;(K), Mk, Pk)
~ (Ci(K"), Mg, Px/). Tt follows from the postulates, that
for a new class ¢’ (i.e. a class that was not element of 9), it
holds that: (o type ') should be placed at Py iff:

(i) (o type ) ¢ Ci(K), and

(ii) for all not new (i.e. in S) classes ¢ that are superclasses
of ¢’ it holds (o type ¢) € (C;(K') U Pk).

Analogously, for a new property pr’ (i.e. a property that
was not element of S), it holds that: the triple (o pr’ o')
should be placed at Py iff:

(i) the triple (o pr’ o') is valid to add, i.e. it respects the
domain and range constraints,

(ii) (o pr’ o') ¢ C;(K'), and

(iii) for all not new (i.e. in S) properties pr that are super-
properties of pr’, it holds (o pr o) € (C;(K') U Pk).
Regarding deletions, Py will not contain the instance triples
of Pk that their “supertriples” involving old classes or old
properties do not belong to C;(K') U Px. The rest of the
instance triples in Px are transferred to Pgk.

3. THE PROTOTYPE

We have implemented a proof-of-concept prototype, called
RIMQA (RDF Instance Migration Quality Assistant)®,
supporting the entire lifecycle process. Some screendumps
are shown at Figure 8.

The user selects the source ontology (.rdfs file) and a file
that contains instance descriptions (.rdf file) with respect to
that ontology. The latter file could be the result of apply-
ing an export operation over the system that manages the
metadata of an archive. Subsequently, the user selects the
destination ontology (.rdfs file), which is a subsequent ver-
sion of that ontology and optionally the user selects a file
with possible instance descriptions (.rdf* file) derived from
a previous migration with respect to the source ontology
and one of its previous versions. The system then automat-
ically migrates the instance descriptions from the source to
the destination ontology. Then, it computes the possible
instance triples.

After that, if the user presses the “Start Curation” button,
the curation process starts. If the user selects the “Statis-
tics” menu, he can see the most indicative statistics about
the source and the destination ontology, i.e. (a) the number
of original classes, properties, (explicit) schema triples, and
instance triples in both ontologies, and (b) the number of
added classes and properties, and the number of added and

3The tool is available at
http://www.ics.forth.gr/is1/RIMQA/.

4Note that we use the RDF format in order to store possi-
bilities, as they are instance triples.
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deleted (explicit and inferred) schema triples in the destina-
tion ontology. The user can also get information about the
possibilities of the source and the destination ontology, e.g.
the number of possible class instance triples and possible
property instance triples in both ontologies.

To curate the resulting descriptions (“Curate” menu), RIMQA
allows the user to inspect all possible class and property
instance triples. Regarding class instance triples, all possi-
ble class instance triples are listed and the user is able to
add (by pressing the “Accept” button) one or more possi-
ble class instance triples to the certain part of the extended
KB (eKB). Subsequently, the selected possible class instance
triples and all their supertriples are added to the certain part
of the eKB and they are removed from the multiple choice
list and from the possible part of the eKXB. The user can also
remove (by pressing the “Reject” button) one or more possi-
ble class instance triples from the possible part of the eKB.
Subsequently, the selected possible class instance triples and
all their subtriples are removed from the multiple choice list
and from the possible part of the eKB. After that, the user
selects to save the new certain and possible part of the eKB
(by pressing the “Save eKB” button).

If the user selects to save the eKB (by pressing the “Save
eKB” button), we store the new instance triples, i.e. the
certain part of the eKB, in a .rdf file (called “newCertain-
Model.rdf”) and the new possible instance triples, i.e the
possible part of the eKB, in a different .rdf file (“newPossi-
bleModel.rdf”).

4. CONCLUDING REMARKS

The rapid evolution of ontologies requires principles, tech-
niques, and tools for managing the quality of the migrated
descriptions, as well as flexible interactive methods for man-
aging the incurred uncertainty. To the best of our knowledge
this is the first work that exploits ontology schema evolution
for managing the specificity of instance descriptions. Ac-
cording to our opinion this is key issue for the preservation
of scientific data, i.e. for e-Science.

Since the ultimate objective is not just the identification

of possibilities, but to aid making the instance descriptions
as specific as possible, we proposed a specificity lifecycle
management process that ranks the possible instance triples,
prompts to the user a subset of the possible instance triples
and we show how the extended KB should be updated when
the user accepts or rejects some of them. To investigate
the feasibility of our approach, we designed and developed
a prototype system.

There are several issues for future research. One interesting
direction is to generalize our approach to the XSD°-typed
literal values [12] of property instance triples. Such exten-
sion would allow reasoning about the accuracy of the mi-
grated descriptions over linearly ordered domains (e.g. as
consequence of migrating 32-bit floating numbers to a 64-
bit representation). Finally, testing and evaluation of the
approach with actual curators is worth doing.
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