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1 INTRODUCTION

1.1 Executive summary

The purpose of this state of the art within digitdbrmation preservation is to look into the
fundamental problem that it is difficult to asseerect interpretation of the content in an oldorelc
This problem is due to changes in a set of factwsye of these factors are: (i) the symbols/words
used, (ii) the meaning of symbols/words and (iig lomain knowledge. An extensive literature study
has been performed into areas such as records\agsa, library science, literature science, setican
technology and others. Literature on preservatissemantic value is found to be somewhat limited,
reflecting the state of a relatively immature reskarea.

Areas relevant to change of the semantic valuedords (or parts thereof) are identified, and $ix o
these areas (symbol/words, reference/thought,emefl@bject, records in it self, worldview and
countermeasures) are described and discussed iregiort, together with a review of current best
practice.

1.2 Background

The objective of this report is to describe stdtéhe art in technologies, methodologies and retear
related to the preservation of semantic value ¢onds. In this report we use the term record aalias

to the term “Information Package” from Open Archilrdormation System Reference Model (OAIS)
[35]. l.e. a record is a digital container for data oy &ype, e.g. text, pictures, 3D-drawings, sound,
video supplemented with its preservation metadata.

Based on experience from linguistics and studietestlopment in languages, we believe a good
regime for preservation of digital records mustude solutions to challenges also outside the IT-
domain. It can be difficult for people to understand records precisely, and even worse for
computers to interpret and analyse their contedtra@aning correctly.

Understanding is a sliding scale, a user may utalgddittle, some or almost everything of a record,
but not all. From a preservation of records pointiew, it is a challenge whether or not a usea of
record understand and interprets the writers irdant

The meaning of data and their intended use maygehand evolve over time. As time passes there
will be changes in knowledge, jurisdiction and pice; use of language, culture, society at large,
software, ontologiés pattern of how software and processes use tloedgand their corresponding
ontologies. Even innovation in seemingly non-reladeeas could affect the meaning of data.

This report is a part of the LongRec (Long-Term étds Management) project run by Det Norske
Veritas (DNV) in collaboration with a number of egsartners, commercialization partners and
research partners. The primary objective of LongR¢le persistent, reliable and trustworthy long-
term archival of digital information records witmphasis on availability and use of the information.
The project’s public web site is lttp://research.dnv.com/longrec/

! Simplified an ontology is a set of references, rthefinition, attributes and areas of use.
Page 1
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LongRec is a three year project (2007-2009) pduigled by the Norwegian Research Council. The
project constitutes the Norwegian team of the PARES 3 projecthttp://www.interpares.org

LongRec addresses several research challengespieatbich is assigned a short name (in parentheses
below): records transition survival (READ), longtteusage (FIND), preservation of semantic value
(UNDERSTAND), preservation of evidential value (TRU) and legal, social, and cultural framework
(COMPLIANCE).

1.3 Scope of this report

The scope of this report is preservation of semardiue in records. Since records most often contai
and represent information and knowledge about gecbfthing, activity, period, state, etc.), th@ge
must also focus on the understanding of the olijgsif, its use and the context in which it wasateel
and intended to be used.

The project scope of LongRec defines a set of presdes for being able to use records over time.
These are:

* Finding the record

* Reading the record

* Presenting/viewing/rendering the record
e Trusting the record

However, can the record be useful if you don’t undstand it?

In the LongRec UNDERSTAND research area we look atitanges that over time have a semantic
impact. Theareas of changéareas that have a lifecycle are:

How records are used/procedures (including reagadout content)

Laws and regulations

Users of the records

Presentation of records

Symbolterminology related to the actual topic/concept

Referencéthought, i.e. knowledge and meaning about theshttypic (ontology)
Referent/ the object itself (a ship versus a record desugil ship)

Record/data about an object/referent

. Worldview and context

10.Countermeasures are used to slow down the deterioration of seiosuaind/or log the
changes in semantics to later be able to informicgmsers of related records. They are used
to reduce the semantic consequence of the atieass of changbsted above. But the
countermeasures in it self changes. The two m@estyf countermeasures are:

0 Procedural and administrative countermeasures

o0 Technology based countermeasures
(Text in bold in the bullets above are discusseskjparate chapters later in this report)

© 0N Ok WO®DE

In this report we focus on state of the art relateareas of changésted 5 to 10 above. The points
numbered 1-4 are at the time being, regarded asf@abpe for this state of the art. Some or all of
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these may however be important to the overall diveof LongRec and may be important to the case
studies of LongRec.

An important source for this report is the reflens and the state of the art described in [1]. drtiele

is from the cultural and library field, and hasoauds on handling semantics through changes in time,
context, worldviews, needs and technology. We tadse searched literature in the areas linguistics,
computer science, ontology, metadata and conservati

1.4 How to read this report

The structure of this report is based on the semarmdangle from Ogden [3], which is described in
chapter 2, Breakdown of the Understand topics.iéxt three chapters describe the corners in the
triangle: Symbol, referent and reference/ontolddgxt is chapter 6, Record, describing aspectseof th
content to be preserved. Chapter 7 introducesdwietlvs and context, and finally chapter 8,
Countermeasures discusses means used to redummntsgiuence of loss of semantic value in the
areas of changerigure 1, Chapter illustration, illustrates, lhea the semantic triangle of Ogden [3],
how most of the chapters are linked.

State of the art problem breakdown

Time 1 Time 2
Worldview and ontology Worldview and ontology \
Worldview and ontology Counter- Worldview and ontology \
Worldview and MEASUreS)  \worldview and
ontology ontology \

Record Referent Referent

Referent Referent

Syrnbol Befererit Symbol Referent

Figure 1, Chapter illustration

Each of the terms in the figure above is describestparate chapters later in this report. Theenod
of this report is the project participants, Inte S and academia working with semantic
technologies and content management systems.

N In the archival domain metadata has traditionally
OAIS reference model ubmission Information Package . B
ety AIP ~ Archival Information Package been used in various ways to handle aspects of

DIP — Dissemination Information Package| . . - . .

preservation. Since metadata is such a broad topic
itself, the reader will find that chapters about
semantic annotation, ontology engineering etc. will
cover the topic that in archival terminology would
have been called metadata. Based on the
understanding of OAIS reference model [35] shown

/ Index & \\

/’@;\ o in Figure' 2., OAIS Referenpe Model, we will in this
TR &\\ Archive report drill into areas of this architecture whtre
- ,\r Content m'zls /) semantics of the records are captured, maintained,
@y changed and improved.

. -

Figure 2, OAIS Reference Model
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1.5 History of semantics

The history of semantics leads us back to the ahGeeece where the study of words started two and
a half thousand years ago. The work of Socrateso Rihd Aristotle is the historical starting pdmrt

the development leading to the concepts and teofred of the Semantic Web.

Two important books on this globe is the Bible #imel Koran. From a LongRec Understand work
package view, they both raise several semantidesigs, and they are probably the most discussed
books ever.

Historically man started with oral communicatiordaupplemented it with carvings, icons, runes and
later letters. After the introduction of TV, compuscreens, cheaper printing and colour printing,
mobile phones etc. symbols, icons and logos arerbieg even more important. Examples are traffic
signs, logos for commercial brands, icons on remotdrols and mobile phones, front panel on
technical devices. With increased globalisationdbietact between cultures with different
backgrounds / worldviews raise the topics of semarb new heights.

Another example is the save icon in Microsoft Wiwdapplications showing a diskette. Since
floppy-disks are an outdated technology and indigmiecreasing use, it is interesting to see wtat i
will replace the floppy-disk. An extreme examplgeshe challenge of describing to coming
generations principles for the long term storageusfiear waste for 100 000 years. This description
may require some form of language independent siambo

1.6 Best practice

To help the reader understand the need for theReadJynderstand work package, an introduction on
best practice will be useful background knowledge.

Records preserved in public archival and libragamisations are supplemented with a set of context
metadata for capturing classification, author,vate dates etc. In [28] after a discussion on the
importance of using record formats for long terorage, a reflection of semantics is stated asvialio
“in order to understand the document (record), ggsially important to capture the context of the
document (record), generally as metadat@his use of metadata is a common approach in
preservation and data quality regimes.

The term context metadata does not coveatkas of changésted in the scope chapter of this report.
We believe that this tradition of context metadatme is not sufficient to preserve the semantige/a

It is common that each organisation has its owallacchive and after some period (10 years or more)
the records should be transferred to a preservedjoository at e.g. The National Library of Norway
or The National Archival Service of Norway.

The Brgnngysund Register Centres “Register of BssiEnterprises” is the authoritative source for
Norwegian legal entities holding information likerepany number, name, purpose, board members
for every Norwegian company. This is a transachiased system where the latest version of the data
is of most interest. All changes in data are ket history change log, so the information valiha
certain time can be found.

Page 4
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2 BREAKDOWN OF THE UNDERSTAND TOPICS

Understand and time

—~
[ 4 4 4 4 Usage |
[ - User 1 Fn User 2 K > Lser 3 [ - User 4
Find and
Insert Insert Insert understand
— L\ x /’

Record based on TO

= Countermeasures

Record based on T1:

= Countermeasures

Recordd based on T2:

= Countermeasures

Record based on T3

= Symbols = Symbols = Symbols = Symbols
= Reference s Reference = Reference = Reference
= Referent = Referent = Referent = Refarent
= Worldview = oridview = orldview = Worldview

= Countermeasures

v Y

B O ® & |

CHANGE

Symbols, Reference,
Referent, Records,
Worldview,
Countermeasures

CHANGE

Symbols, Reference,
Referent, Records,
Worldwiew,
Countermeasures

To T1

Figure 3, record usages and time

CHANGE

Symbols, Reference,
Referent, Records,
Worldview,
Countermeasures -

Ts

Time

T2

Figure 3, record usages and time, illustrates altma and submissions of records to a repository at
different points in time. Later the submitted retsoare to be found, read, trusted and used, and the
need to understand the content arises. The usiereal 3 needs to be aware of the changes in
knowledge base, context, term/symbol, usage, anidsegulations etc. otherwise the understanding
and use of old records may lead to wrong conclissiand merged data may be misleading. Figure 3
try to illustrate the lifecycle of each of the ased change, i.e. the symbols, reference, refereotrd,
worldview and countermeasures between TO, T1, TTa At T3 the challenge of understanding
and using each of these areas of change arisesedtiag and use of different types of metadata wil
play a crucial role in coping with the differenpgyof changes.

On basis of the limitation of scope for this staft¢he art, presented in chapter 1.3, we needadb lo

into existing work in the area. Based on the wdr®gden [3], ISO 1087 [12] and Veltman [1] we
have identified several relevant elements to low&.i
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Reference to part of this report which may leathisinterpretation is not permissible.



DeT NORSKEVERITAS

Report No: 2008-0123, rev. 1.01

TECHNICAL REPORT

Ogden [3] triangle of meaning/ semantic triangle

The meaning of something
Thought or Reference

about Referent

Things that exist either

Words in a dictionary material or immaterial.

Symbol Indirectly pointing to an example Referent

Figure 4, the relations between things, words and eaning’. Captions of the corners in red color and italics same as
the captions used in Ogden [3].

The records or data are placed in the middle ofrthegle illustrating that the records use sympols
and that the symbols have as link to reference/mgakurther, the records are about referents. The
book of Ogden, Meaning of Meaning [3] set out pipies for understanding the function of language,
and describes the so-called semantic trighglee link between symbols and referents are adtgre
importance and the source to many challenges.chakenge is mentioned as follows in [3, p12]:
We shall find, however, that the kind of simplifica typified by this once universal theory of
direct meaning relations between words (symbolsl)tamgs (referents) is the source of
almost all the difficulties which thought encousteks will appear at a later stage, the power
to confuse and obstruct, which such simplificatipassess, is largely due to the conditions of
communication.

The semantic triangle illustrates a recursive emgjé similar to what we have when we do ontology
modelling, i.e. the description of a reference wik symbols pointing to other references as pait o
definition. Thereby many instances of the triafgiked together will be the result if you try tcake

a complete model, where a symbol used in one teangtance, will refer to another triangle instanc

In the context of information modelling and semesitthe relation between the triangle and OMGs
levels of metamodels (MOF [42]) we find that

« Symbol and Referent do not have a direct relation

* Records relates to MO data

* Reference relates to M1 model

« M2 do not have a direct relation to the triangle.

Below is the description and motivation for eachlih&f chosen areas of change listed.

* Symbol Is a word, an icon or a pattern used for idemtdya reference, e.g. the word “tree”. A
symbol is used to point to one or more referenddwe figure below shows different meanings

2 Example of an immaterial referent could be houseriance. The insurance document may have a digifsper based
representation, but the insurance itself is imnialter

% http://en.wikipedia.org/wiki/Charles_Kay Ogden
Page 6
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(pointers to different references) of the word étte _
'd Visual Thesaurus : . . E“EB]
G ) ook : E:‘ ’E B FRiNT =B SHARE ﬁ

SETTINGS

SirHerbert Beerbohm Tree a tall perennial weoody plant having |—

& main trunk and branches forming |
a distinct elevated crown; includes
hath gymnosperms and I
ANYIoSperms

tree diagram a figure that branches from a single

ract § ¥
MO OFF O

Tree @

tree «
= eres LR
chase a bear up & free with dogs and

] Kill t
hunt down o L] wood

hunt @ woods

pursue far food af sport (33 of wild
animals)

run farest

rack down - | aovemes e |

woody plant
ligneous plant

I‘Java Applet Window I

Figure 5 visualizing relations of words

« Reference (or thought) Is a concept or class listing the common attabudf two or more
referents. E.g. the reference of a tree descrilbed ivtakes to be a tree, and often shows which
broader / more generic reference it is relate@®tee of the definitions of the symbol “tree” is
defined in Webster online as: “a tall perennial @peglant having a main trunk..®

» Referent (object) Is an instance of a reference, an object. Bayspecific tree | have in my
garden.

* Records about a referent Are text, pictures, numbers, videos, modelsdgscribing some
aspects of a referent. The data/record itselfainatsymbols. E.g. a record related to the tree |
have in my garden could describe what type ofitresg when it was planted, who planted it,
how it was planted, what is the need for yearlyntemance, how it should be treated to have a
long life etc.

The semantic value of content in each corner ofrihagle, i.e. symbol, reference and referentl, wil
change as time passes. There are several reasdhssfthat could shortly be described as follows:

« Symbol: The words used in a language change gsthy@e and the culture change. The use of
some symbols fades out, new ones come in, and ¢a@ing of some symbols change.

» Reference: The attributes of a reference change what it takes to be a fast ferry changes as
powerful engines and building materials develomifirly, the attributes of a a mobile phone
20 years ago are very different from today.

* Referent: A referent has a lifespan and the atbelevant for the referent change. Often a
referent changes reference as well. E.g. a humiag sealways a human being, but it starts as

4 Merriam Webstehttp://www.m-w.com/dictionary/tree
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a new born, continues with becoming youth, middje, &lderly etc. If a person gets ill, she/he
will also be a patient for a while.

» Datal/record about a referent: Since a referenalésspan, the record will often describe an
aspect of a referent at a certain stage in time.

Figure 4, the relations between things, words aadnimg. Captions of the corners in red color and
italic is same as the captions used in Ogdenff&juses on the four elements, symbol, reference,
referent and records as time passes by. This ntkanhdifferent worldviews at a certain point in &m
are not depicted in the figure.

Different types of worldviews at the same pointime are for example based on:

* Purpose of a concept (its function). The purposa r@ferent may differ depending on the
context and the process it is a part of. E.g. ayh&xicon book may be used for pressing
leaves in a herbarium, but the lexicon is not oady made for that purpose. A computer is a
kind of multi-tool, even an effective criminal tof@r Internet based crime.

* Where areferent is (space). E.g. in internatiéoadl transport the location of the food has an
influence on what information is needed to handfgaperly and to avoid damage. This is
because differences in temperature, humidity, bsajswater exposure during transportation
affect the food quality. This means that handtimg same type of food in Egypt and at
Svalbard could be quite different.

« Cultural and religious context. E.g. whether youpak meat or not is dependent on different
religious traditions and how the pig is slaughtered

» Legal context. How one type of food is made andtdeh differs in different markets based
on legislations, e.g. what drugs or chemicals oag use differs based on what legislation one
must follow.

The motivation for including worldviews as a suppentary dimension is described in chapter 7.
Countermeasures are used to reduce the semansieqeance of the othareas of changbsted
above. But the countermeasures in it self changestwo main types of countermeasures are (i)

procedural and administrative countermeasures(igndchnology based countermeasures.

Based on the above breakdown structure this reybhtry to describe the state of the art on
preservation of semantics structured by the foltmnareas of change:

e Symbol
+ Reference
*+ Referent

+ Records about a referent
e Multiple worldviews co-existing
+« Countermeasures

2.1 Case study, Understand

We plan to link these areas of change to how ThmBsysund Register Center establish and maintain
their: records of Norwegian companies, models e$é&records, historical versions of records and
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models. Further the users’ different worldviews) &ow the different worldviews influence how
records are understood and interpreted are of gremest.

2.2 Relation between LongRec Understand and Find work @ackages

LongRec Find work package and state of the artrtdpous on search methodologies and related
technology. Parts of the Find functions use teabgiek from the semantic technology field. Use of
semantic technologies is related to e.g. use alogies or taxonomies for better indexing, comparin
records or in the process of rating search redu#s: dynamic results clustering and query expansion
by (synonym) dictionary are some of the new praesmf advanced search technology [37A trend

is that search technology uses many techniquesutomatic metadata harvesting.

Analyses of portal- and search-logs can be us@tpas for ontology evolution. According to [37,
p10] “enterprise search system provides tools, listgatibs, or other administrative functions to
support the process of classification itself, maiming taxonomies, extracting ontologies from iretex
content, or some other value-added protess

Based on a repository of records, search technalagyestablish a list of all used symbols/wordsg, an
to some extent find relations between words byafisetural language techniques. Technology in the
intersection of search and semantics is a valualpplement and useful tools for the ontology
engineering and evolution processes. Search teatmai itself will not be able to replace an edabr
process for establishing consensus ontology tesbd within a domain. On the other hand, it is
relevant to discuss how much effort we can afforgut into the work of establishing a consensus
ontology, and what properties such an ontology hbave.

In the LongRec Find Case study at The Nationaldrpof Norway, harvesting and use of metadata
are exemplified, and many different types of metadan be seen in action both at time of record
archiving, conversion, search and presentation.

The intersection of Understand and Find is of girg@rest for LongRec. References [37] and [36]
disagree whether there is focus on the intersecfiocording to [36] little efforts are put into
innovative use of combining semantic- and searchrtelogy.

® Examples of automatic clustering of search resgése.g. clusty.com (previous www.vivisimo.com):
http://clusty.com/search?query=search%20technoldgygivi-transition&
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3 SYMBOL

Symbols are objects, pictures, or other concrgieesentations of ideas, concepts, or other
abstractiond A symbol could be a word in a language, charactiigits, a traffic sign or an icon on
your computer desktop.

3.1 Evolution of words and their use

For centuries dictionaries have been the main nmesimafor maintaining and distributing the common
use of words. New initiatives in linguistic ontoleg like WordNef, and even e-commerce initiatives
like UN standard products and services codes, UNI&R8e listed as examples in [26].

Further, online services like www.wikipedia.org avidrriam-Webster onlirfeare used for
distributing common use, but they differ in thetedal process. Wikipedia and Wiktionary are
authored by its users; this is different to Merrgvebster, which is based on an editor function.

The history of dictionary development has taughthas the efforts of making one single
comprehensive dictionary in the™8entury ended up with the recognition that thereffill not
succeed. The real challenge lies in creating lbsdg various ways between dictionaries.

Cultural terms have local, regional, national amdarnational variants, which change over
time. Data structures and databases of static tearasherefore not useful to the cultural
community. We need databases to reflect that mgaianges both temporally (whence
etymology) and spatially, even within a culturgy(eational, regional and local differences)
and especially between cultures. For this reasaditronal quests for dictionaries to provide
exact equivalents in different languages have givay to new strategies that entail mappings,
walkthroughs, and bridges among words and conc&ptsent day semantic web models are
still in terms of traditional dictionaries. Needade models, which reflect an historical shift
from traditional dictionaries (in terms of what sething is) to modern versions of dictionaries
that map between meanings without reducing theansimplest common denominator. Needed
is an approach that is multi-lingual and multi-aural. [1]

The topic of bridges between dictionaries is furttiscussed in chapter 8, Countermeasures.

® http://en.wikipedia.org/wiki/Symbol

" http://en.wikipedia.org/wiki/WordNet

8 United Nations Standard Products and Services Quige/en.wikipedia.org/wiki/ UNSPSC
® http://www.m-w.com/
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4 REFERENCE

A reference is a concept or class, its definitind attributes. In this chapter we list a set gksch
topics on ontology evolution, engineering and managnt.

This chapter is based on the chapters “OntologyuEon”, “Ontology Mediation, Merging and
Alignment” and “Ontology Engineering methodologi@s’{11] and the chapters “Theoretical
Foundation of Ontologies”, “The most outstandingd@wgies” and “Methodologies and Methods for
Building Ontologies” in [26].

What is ontology [26]: An ontology may take a variety of forms, but it mélcessarily include a
vocabulary of terms and some specification of the@aning. This includes definitions and an
indication of how concepts are inter-related whathlectively impose a structure on the domain and
constrain the possible interpretations of terms”.

Simplified, an ontology is a set of referencesirtbefinition, attributes and areas of use.

Separating the knowledge model / ontology fromvgafe and data, brings new opportunities into
dynamic behaviour and process change. Technolggyost in these processes and the ability to do
effective software development and maintenancebeamproved. This ability is of great interest for
both the record repositories and the software ugezh handling preservation of semantic value.

4.1 Ontology evolution

During its lifetime an ontology will be changed iy users. Based on inspiration of [11] this
evolution process is illustrated in the figure belo

Ontology evolution, logical architechture

w  Managing risk "
@ o mew Knowledge portal

ng L T

Knowledge Worker / @ \< i\\m] |Ontologies

Record base/
= — repository

o=

Insert

—

Usage-drlven Data—drlven
change discovery change dlscovery

Evolut|on management infrastructure

Recommendations
for ontology changes
|
=
W
=
(o]
al
o |
@ |
\/

/
Based on the book Semartic Web Technologies, figure 4.2

Figure 6, Ontology evolution logical architecture 11]
The two main types of changes in an ontologyusigge-driveranddata-drivenchanges.
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* Usage-driven: there is a change or unbalance inudsmss use the archive/knowledge portal,
and what support the portal can have from its ogtyglies). The use of records have changed,
and the ontology needs to be changed accordinglynput to the ontology change process,
use of pattern recognition for tracking user bebawor explicit changes in work procedures
could be useful. Also search logs and analysi¢ddo@ a source for capturing usage-driven
changes.

» Data-driven means that the records contained idligfigal repository have changed properties,
volume or the new records are not good enoughctefiein the ontology. Techniques from e.g.
data mining and business intelligence are usedstmder data-driven changes. And the results
of using these techniques will be useful input® ¢thange process.

Usage-driveranddata-drivenchanges could be a type of functionality as meetioin Figure 2, OAIS
Reference Model, and its circle: “Archive, analysisls”. The caption “record base” in the figure
above is similar to the caption “digital repositony the OAIS Reference model.

Knowledge and usage of records change. If thosataiaing an ontology do not manage to reflect the
changes and fail to have the ontology updatedotii@ogy will not serve its purpose in a semantic
solution. Ontology evolution starts with identifig changes.

Based on [11, p. 52] and Figure 6 above, one waljusfrating the stages in ontology evolution $s a
follows:

1. ldentifying changes

Representation of changes

Semantics of changes

Implementation of changes

Propagation (check if dependent ontologies, artefacd systems are consistent after changes.)

6. Validation of changes
From Validation the circle goes back to Capturing.

ok wbd

4.2 Ontology mediation

Ontology mediation is used to share data betwetardgeneous sources, and/or to reuse data from
different knowledge bases. Established approachnestology mediation are ontology-mismatches,
mapping, alignment and merging. As explained endhapters below, the methods have some overlap
both in what kind of problem they are meant for #relproperties of outcome.

These topics are of great interest for LongRecs Thbecause we may be able to take a set of iecord
(Records.TO) from time TO, the corresponding metadad ontologies and automatically identify
parts of the changes in semantics compared todeatr(Records.T1) at time T1. Further these
technologies could also be used in search techpdtwdetter managing search in heterogonous
sources, and present search results in one releatarg.

4.2.1 Ontology mismatches
Different types of ontology mismatches are shattgcribed as follows:
* Conceptualization mismatch
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0 Scope mismatcbccurs when e.g. one ontology describes patigritsghae other
describes taxpayers. The referents they refevedap but are different.

o Granularity level mismatche.g. if one ontology describes persons at mdsildd
level and the other ontology describes subcategofipersons.

o Different worldviewf a reference. Depending on the worldview, thiology
reflecting a reference with the corresponding esfes could be described differently.
E.g. there may be different views of the countrieBtne, its borders, its existence etc.,
depending on who is making and maintaining the logio

» Different ways of describing a reference (explicatmismatch)

0 Modelling style/paradigm,
= use of attributes versus sub-classes
= use of point in-time versus intervals

o Terminology mismatch
= Identical reference in the ontologies, but theneziees are linked to different

symbols (synonym problem).
o Encoding mismatch occurs when one ontology usesreetgrs for a certain reference
and another uses feet or centimetres.

4.2.2 Ontology mapping

Ontology mapping takes two or more ontologies asiinand makes a new, separate ontology
describing the mappings (bridge) between the sguiidee source ontologies continue their separate
life.

4.2.3 Ontology alignment

Ontology alignment is the process of discoverimgilsirities between two source ontologies. Input is
the relevant ontologies, and output of the proceasspecification of the correspondence between th
ontologies.

4.2.4 Ontology merging

Ontology merging takes two or more ontologies @siinand makes a new ontology which is the
union of the sources, plus the needed links betwlsesources. Some of the methods for ontology
merging keep the original ontologies as is, andatdlddge ontology. The source ontologies and the
bridge ontology are used together as a whole théunroperations like record translation or querying

4.3 Ontology engineering

This section is based on the chapter “Ontology Begjing methodologies” in [11] and the chapters
“Theoretical Foundation of Ontologies”, “The mositstanding Ontologies” and “Methodologies and
Methods for Building Ontologies” in [26].

Ontologies aim to capture consensual knowledgegiareric way, and are meant to be reused and
shared across software applications and by groupsaple. They are usually built cooperatively by
different groups of people in different locatio26]. From library science we have a tradition of
systematically classifying records by thesauri, arsét of approaches has been developed [27].
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In the software system development tradition, mastlels of data in databases have for the last 20
years been made using entity relationship modddgeddoriented programming languages have, as
part of the software models, made models of tha ds¢d in the software. Ontology engineering
models the knowledge or the meaning of data, ahtheovay data is stored, exchanged or
represented.

Ontology engineering, the way we make ontolog®es, hot research topic with many variations and
many different scopes and targets. We separatotimain expert having the knowledge we would like
to model, from the ontology engineers who know howapture the knowledge in ontology models.
Separate tools are often used for capturing andtaiaing ontologies.

An important goal of ontologies is to separateftienal model of knowledge from the records and the
software used. The software tools available toayesoftware developers still lack much of the
ability to gain from this separation. This is a lidrage leading to slow uptake of semantic technplog

Ontologies may give improved usability aspectstegldo searching, quality checking of model and
data, navigation, data mining, architecture laygrneuse of data, exchange of data etc. Further we
will look into different aspects of development,imanance and support activities related to ontplog
engineering.
* Ontology management activities are to define/dbsciControl mechanism, schedules,
responsibilities, quality steps etc, maintenanakearolution procedures. These activities are
similar to general activities in projects for deyghg systems or software of some kind.

» Ontology development activities are: Do feasibiitudies, define environment/framework
where the resulting ontology should be used, chaagedescribe methodology for how to
conceptualize, formalize, represent, and implertfentarget ontology, describe regime for
ontology population, use etc.

* Ontology support activities are: Knowledge acqiosit evaluation, system integration,
ontology merging and alignment, and configuraticanagement.

The ontology engineering methodology has simikesitivith the software development approach called
the water fall model. Ontology evolution has sarities to iterative software development.

Further relevant research is to look into topiks:li

* Framework for comparing ontology engineering methogies, e.g. [20] “A survey on
ontology creation methodologies”.

« Diligent methodology, distributed ontology enginagrand frequently changing user needs.
* Ontology evaluation, e.g. OntoClean [18]
* Quality metrics for ontologies described in a safachapter below.

4.3.1 Aspects on metamodel for Ontology engineering metkiologies

Principles for how references are described aredas ontology metamodel attributes. The
metamodel for an ontology gives ontology engineldfsrent types of construction mechanisms for
making an ontology. Examples of such constructi@cmanisms are:

« Type of formalism (how well defined are the diffeteonstructing mechanisms seen from a
computational view)
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* Logic
» Frames (metaclasses having other classes as iestaasults are levels of classes in the

ontology). (e.g. class of class constructions, @t used for categorising or grouping of
classes.)

* Descriptive logic

* Types of relations

» Use of attributes on objects
e Distributed ontologies

* Fuzziness in ontologies (precision based on neddise)
A number of different methods and tools exist foilding ontologies and representing ontologies. A
comprehensive overview is listed in [26].
There is some discussion on strengths and wealsetagethodologies for ontology engineering. An
example of this related to OWL and descriptionddagipresented in [19], which lists some
shortcomings in ontology engineering methodology.

4.3.2 Aspects of handling space - time

Our space/time horizon introduces a theoreticahfeavork where universals are not in
space/time, whereas particulars are in space/tie.need to remember, however, that this
framework changes with time as our knowledge ofarsals and particulars increases or
changes. In this sense, Immanuel Kant was rightodd knowledge is in space and time.
Hence, we need to go much further for two fundaateeasons. First, we need to reflect
cultural and historical dimensions of knowledgec@®l, we need to reflect recent
developments. [1]

Most of the existing ontologies have an upper leabbve space/time horizon, and a specific level
handling time and space. This two level approatis éor a very strong and consequent modelling
approach. Best practice methodologies in the feddquite immature and have low uptake rate, this
includes e.g. 1ISO 15926[39], ISO 10303 STEP [38iLLas used in the Norwegian SERES praject

Further literature:

» Standard Upper Ontology Working Group (SUO WG),@itology.
http://suo.ieee.org/SUO/SUO-4D/index.html

» Origins of The IEEE Standard Upper Ontology.
http://www.ontologyportal.org/pubs/IJCAI2001.pdf

* The Ontology of Spacetime (Philosophy and Foundataf Physics, Volume 1). This book
contains selected papers from the First Internati@onference on the Ontology of Spacetime.
http://www.spacetimesociety.org/

4.4 Ontology, identification of references

The ability to use unique identifiers when refegrio a reference is a prerequisite for using owfiel®
in runtime environments. Further the IDs are neededsks of ontology alignment, merging, mapping

19 semantic register for electronic services, hoatethe Brgnngysund Register Center,
http://www.brreg.no/samordning/semantikk/
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etc. Use of OID (object identifier) or URI (Uniquesource identifier) are commonly used in best
practice.

4.5 Ontology quality

The article [14] “A Realism-Based Approach to thekition of Biomedical Ontologies” discusses
ways to calculate the quality of ontology evolutidimere are initiatives like OntoClean to develop
methodologies for validating the ontological adexyuaf taxonomic relationships. OntoClean has
provided a logical basis for arguing against thestheommon modelling pitfalls, and argues for what
we have called “clean ontologies” [18].

In the paper “Reflexive standardization: side d8eand complexity in standard making” [2], Ole
Hanseth addresses the general question: “Whaticetor contingent events and factors influenee th
creation of ICT standards, and in particular, tseiccess or failure?” A standard in this contex.g.

an ontology or an EDIFACT-specification used in bigalth sector. The paper makes three key
contributions(1) it demonstrates the socio-technical complexiths standards and standardization
efforts; (2) it shows how complexity generateserelle processes that undermine standardization
aims; and (3) it suggests a theoretical interprigtatof standardization complexity by using ideasrfr
complexity theory and the theory of reflexive madetion. These research questions are addressed
by offering an historical and contingent analysiglee complexity dynamics emerging from the case.

4.6 Knowledge base evolution

In the field of knowledge management [27], the $raon from personal knowledge to public and
documented knowledge is a circular, continuous mmeré. Personal knowledge is based on public
and/or some other persons’ knowledge. When newopat&nowledge is documented it can become
published, public and then be a part of a commawkedge base. In the Knowledge Management
Field, knowledge can be recorded in records ancempadlic available.
DIKW is the proposed structuring of data, infornoati knowledge and wisdom in an
information hierarchy where each layer adds certaitributes over and above the previous
one. Data is the most basic level; Information addstext; Knowledge adds how to use it; and
Wisdom adds when to usé.

From a LongRec perspective this means that therdested and thereby explicit knowledge in
principle is accessible and can be part of a samanalysis. But we miss the personal knowledge of
those who made and performed operations on reaotte past.

4.7 Ontology distribution and distributed knowledge ba®

The knowledge base consists of the informatiorestan the records themselves and in the relevant
ontologies. Additionally, referral may be madeegaards maintained by external parties. Thus, one
may need to rely on the continued support andwarshiness of external parties and their record
management regimes. This situation is relevanobtb Histributed ontologies and record archives
which are not self contained. Linkage between mxtwcated in different locations will be
challenging to maintain.

Y http://en.wikipedia.org/wiki/DIKW
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4.8 Best practice

In a LongRec case study at the Branngysund Re@isteire uses entity relationship models for their
system implementation. However, recently an UML elad the references has been made, based on
a temporary UML Profile for ontology engineering.

The Brgnngysund Register Centre has an UML Prdékeribing how UML should be used to
describe the ontology in their SERES, “SEmantici&egfor Electronic Services”. Further the
Norwegian Centre for Informatics in Health and @b€are (KITH) has its own UML profile.

UML is commonly used as best practice, and it &sefore interesting to note that [26, chapter 1.3.3
discusses use of UML methodology, notation and $apport for ontology engineering.

KITH uses OIDs for identifying concepts. E.g. IDpgs of organizational categories (OID=9051).

Branngysund Register Centre uses both unique pathaumbered IDs for classes in the UML. Code
lists have a numbered ID. Both classes and cstieHave version numbers.
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5 REFERENT
A referent is an instance of a reference and itahlifespan.

5.1 Life cycle standards

This chapter lists some standards used for keepigmeering and life cycle support information
about a referent in the different stages of ies ¢iycle, e.g. information about a ship duringifegiime.

Examples of standards used for modelling infornrmaibout referents during a life cycle are PLCS
[38] and ISO 15926 [39]. The history of the stamidagoes 15-20 years back. The standards are in
some use in special domains.

Examples of current research in the field are ctdié in [16] “Strategies for Referent Tracking in
Electronic Health Records”. The article elabordkeschallenges of keeping all patient information i
such a formal shape that it is suitable for seastdtistic production of statistics and reasoning.

5.2 ID of referents

Semantic Technologies like Topic Map [40] and RBE]|[(Resource Description Framework) use
URIs (Uniform Resource Identifiers) to manage thgadlt task of identifying both references and
referents in a distributed environment.

Seen from the referent corner of the triangle lastitated example of the problem is how to make sur
that a record about a referent is unambiguouslytityeng the correct referent.

In a record many symbols are used, and many psitdaeferences are made. So if the main purpose
of a record is to describe something relevant fpatéent, many other references are made. Let us
look into an example in an electronic patient rdcgystem

1. Record 1: The patient has a tumour type AAA inléfskidney, at time tO

2. Record 2: Kidney removed by surgery of type xjraettl, by Dr. Inger Mette Gustavsen.
Medicine of type A and B shall be used.

3. Record 3: Kidney transplantation at time t2. Meakcof type A and B shall be used.
4. Record 4: Transplantation failed after two months.

5. Record 5: Kidney transplantation, t3. Medicineygfd A and C shall be used.
Among others the symbols “tumour”, “kidney” and ildentification “left” are used. For each record

there will be a linkage between the record andotitesnt.

All the records are linked to the patient but natgerly linked to the doctor or type of medicineds
and only in one of the records “left kidney” is dsére we sure that all the records are relatddfto
kidney? Most records have a timestamp, but alsogeare used like “after two months”. Further
details in the use of medicines are listed in ottEumentation, and a set of answers from labaestor
are separate records or attached to a record.

Suggestions for how to improve the situation is engdarticles like [16] “Strategies for Referent
Tracking in Electronic Health Records”.
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5.3 Best practice

Branngysund Register Center uses global unigudiieges for companies as referents (Norwegian
legal companies). The ID is called “organisasjomsmer”. But the challenges remains when other
companies identify Norwegian companies by e.g. nalmiee. Another challenge is that a legal
company may be located at several sites. An IR&zh site or activity is established and is called
“bedriftsnummer”.

It is often difficult to make precise links betwegymbols and referents. There is a many-to-many
relationship between symbols and references. EHfgreht languages have a word for the reference
“tree”, and in one language there may be synonymte symbol “tree”. Similarly one referent may
be categorized by different references dependingatdview. Since many referents may be
categorized in the same category, there is alsoamy to many” relationship between reference and
referent. This means that the path from symbeiference — referent is not unique for identifyimgo
specific referent, and we need a separate idegtiidic regime for referents.

The identification challenge of referents makedifficult to design services based on content of
records, since most records consist of symbolsideatifiers to referents. This is one important
reason for why it is challenging to establish geedrch rating and functionality, business intetiggs
statistics and reasoning on records related toaefe. Improvements in how the content of the
corners in the triangle of Ogden [3] are identifeadl especially how referents are identified, will
improve data quality and the ability to make higlality semantic services on records.
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6 RECORD

A record is text, pictures, numbers etc. descrilsioige aspects of a referent(s). In this chapter w
present some issues related to a record itselhandt is influenced by time.

6.1 Data quality

Research within data quality and completenessfofnmation operates with e.g. levels of what records
conform to, and lists a set of criteria to be flgfl in order to become conform. 1SO 2382-8 define
data quality as follows:
Data quality is “the correctness, timeliness, aay, completeness, relevance, and
accessibility that make data appropriate for these”

Different levels of data quality are categorizedd43] as:
“the three semiotic levels—syntactic, semantic, pratymatic—describing respectively (1)
form, (2) meaning, and (3) application (i.e. usargerpretation) of a sign can be used to
define corresponding quality categories based respely on (1) conformance to database
rules, (2) correspondence to external (e.g. reallthgphenomena, and (3) suitability for use.”

Compared to the terminology in this report:

(1) Conformance to database rules is relevantiatioa to symbols, and if the database rules have
semantic impact (e.g. not only structures to avediindancy or database administrative rules).

(2) Correspondence to external (e.g. real-worldnoimena are linked to both reference and referent
(3) Suitability for use is taking the challengeitfbrther than the scope of this report. In tl@port

we focus on understanding the content of recondisiay end up in situations where we understand
the content, but the content of records are notptet® enough to actual perform the tasks we would
like.

In [24] “Journey to Data Quality” methodologies amehlity metrics based on research are presented.
This is presented along with case studies and stigge on how to close the gap between the current
quality level and the level you wish. An interegtioverview of “Ten root conditions of data Quality”

is elaborated, and consequences are discussedaulii@s suggest treating information about a
product as a product itself, not a bi-product, present methodology and notations to make
information product maps. The technique is useeb@mple cases.

A relevant standard initiative is ISO 8000 Data Qu#d4].
A reflection: Every record is a referent, and asery ontology is a referent.

6.2 Data and model transformation issues

Once material is digital, it can be translatedtteeoformats, representations and media. Thisliscta
transformation of a record. But also models analogies can be transformed from being built
according to rules of one metamodel and transfortoédx according to another metamodel [see e.g.
OMG MOF [42]). This holds true for many cases, &gt semantics contained in a written speech in a
play, will not capture the speakers way of perforgrtihe speech. A video of a play will contain more
context information than an audio recording of $hene play, but the video does not contain the
theatre atmosphere and building architecture, agdiesmell etc. Much of the semantic is in the way
a speech is performed, the context the speechidsheagestures of the speaker etc. This meansathat
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digital text record of a speech contains less teast other semantics than an audio file of timeesa
speech, and also less semantics than a video pfdfe

On the other hand, the audio part of a video cbeldsed as a complete audio file.

A digital report can become a printed paper copth yunder some circumstances) identical attributes
to other paper copies.

Based on the chapter above we believe transforoonlyl change the semantics of a record. Since
many preservation regimes have transformation asobeeveral mechanisms for managing records,
the semantic preservation should not be negleatadgltransformation.

6.3 Metadata

The article [15] “Introduction to Metadata, Pathwag Digital Information” describes from a
metadata world point of view, the different aspeadtthe life and use of metadata. Types of metadata
listed in [15] are as follows:

Type Definition Examples
Administrative Metadata used in managing| - Acquisition information
and administering - Rights and reproduction tracking
information resources - Documentation of legal access requirements

- Location information

- Selection criteria for digitization

- Version control and differentiation between sanil
information objects

- Audit trails created by recordkeeping systems

Descriptive Metadata used to describe or- Cataloguing records

identify information resources - Finding aids

- Specialized indexes

- Hyperlinked relationships between resources

- Annotations by users

- Metadata for recordkeeping systems generateédnyrds

creators
Preservation Metadata related to the - Documentation of physical condition of resources
preservation management of - Documentation of actions taken to preserve playsind
information resources digital versions of resources, e.g., data refreshimd
migration
Technical Metadata related to how a | - Hardware and software documentation
system functions or metadata - Digitization information, e.g., formats, compriess
behave ratios, scaling routines

- Tracking of system response times
- Authentication and security data, e.g., encrypkeys,

passwords
Use Metadata related to the level| - Exhibit records
and type of use of - Use and user tracking
information resources - Content re-use and multi-versioning information

Supplementary types could be metadata for presentaeferences to ontologies, geographical
context, information governance regime, purpogeniton of writer, intellectual property rights etc

6.4 Best practice
The OAIS, Reference Model for an Open Archival mfation System [35] is regarded as a best
practice system for archival systems. The Longsttnher The National Library of Norway uses the
OAIS as basis for their preservation architecture.
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Other relevant standards for archival systems aactipe are Noark [30] and Moreq [31].

Relevant standards for best practice for metadata a

e ISO 11179 Information technology Metadata Registfs2l]

e Dublin core [33]

» DDI, Data Documentation Initiative [32]. DDI is a&ffort to establish an international XML-
based standard for the content, presentation,goapsand preservation of documentation for
datasets in the social and behavioural sciences

e Semantic annotation WSDL by W3C [45]
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7 WORLDVIEW AND CONTEXT

7.1 Worldview

The semantic web communities focus on what a thi(its substance), and do not allow for a
gradual historical shift from substance to functids a result the Al and semantic web
communities create data structures that assumaglesivorld-view. Every thing is presented

as if this is the way “it is” ontologically, rathethan providing frameworks whereby what a
thing “is”, what it means, and how it relates tdher things, change as the framework changes.
This dimension is needed a) to explore the intgrpktween facts and the frameworks or
world-views used to explain them and b) to expéamistorical shift from a quest for a single
ontology to a need for multiple ontologies. Needezh approach where entities can evolve in
meaning. [1]

The triangle of reference [3] has evolved, andedéht alternative views of the triangle have been
made [1, p 17]. However, even if we define ounaapts/references separated from the
terms/symbols and referents, we are influencedunyworldview and our purpose of modelling.

If a border of a country is disputed, then therk lwa different worldviews of the border. The saime
the case in a legal dispute, e.q. if a certairvdglimeets the completion criteria in a contraatair.

The two parties may have different views of theasgt of what should be delivered according to an
agreement. This leads us to the need for manawgittiple concepts in ontologies, and to the need fo
a mechanism for managing ontology merging and coimga

The author of a record had an intention writing he readers knowledge of the writers’ intentiofi wi
influence which worldview he will try to use as sa®r his understanding the content.

Another example could be found in the femininerditg history. The knowledge base before feminine
literature became available was heavily influeniogdnen’s view of the world. We now lack the
feminine worldview in a large part of our culturastory; we more or less have the history and
worldview of men [28].

A systematic approach for managing ontologies witterent worldviews covering the same referents
would be of great interest for LongRec. The methodsd so far on ontology merge and mapping
may be used for handling several ontologies cogehe same referents, but with different
worldviews.

7.2 Context information

Since every culture focuses on some aspects ofdaigevand ignores others, history is
essential to understand both the sources of owrs/@nd the limitations of the frameworks or
worldviews with which we present thgi. p9]

Handling context of a referent is related to whethe referent is material or n@&t.material object
has a physical life-cycle, and information relatedhe referent will usually relate to the refergana
certain state or usage in a certain phase of@syitle. Examples of material referents could Iséip,
a book or a person. A material object can not b fligitally represented, but information abouéth
object may be digitalized. A digital copy may banisformed to a material object, e.g. the digital
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original of a book can be printed and become aiphlysopy of the book. The whole content of a
book could be digitally represented, but the phaidiook will still be physical and have some
properties different from the digital copy.

A immaterial referentould be an house insurance, email, bank tragactia video stream. The
house is material, the insurance contract candmsfiormed to a material paper record, but the house
insurance in it self is not physi¢alAn email can be printed, and than the printedesgntation of the
email is physical. Characteristics of fihematerialobjects are that they do not have any physical
representations in real life that the record céatedo. To the LongRec project this means thatwile
focus on a total conservation regime comprisingctsj, metadata, ontologies, context etc.

7.3 Semantic dimensions

Inspired from the field of philosophy the six bagitestions — Why? How? When? Where? Who?
What? — could have been used to structure thigtefmme literature does focus on this problem
breakdown structure.

Libraries typically offer access via author catalmg (Who?) and title catalogues (What?). In
addition, libraries such as the Herzog August Rithliek in Wolfenbuttel, offer access
chronologically (When?) and via locations of pultion (Where?). Search engines such as
Artefacts Canada have begun to use such questiosearching. [1]

Systematic search using the six basic questionshemdvariants would greatly expand the scope and
the precision of searching and could be of greljt &g countermeasure for preserving semantic value.

12 This report does not go in depth in discuss whetenial is, or what it is not. We believe the ansdepend on
worldview.
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8 COUNTERMEASURES TO LOSS OF SEMANTIC VALUE

Countermeasures are used to slow down the detéoioie semantics and/or log the semantic changes
for later being able to inform coming users of melso This chapter is split into (i) Procedural and
administrative countermeasures and (ii) Technolmged countermeasures. The examples listed may
contain parts from both i and ii.

8.1 Procedural and administrative countermeasures

8.1.1 Distributed knowledge base

Linkages between records maintained by differentiggidentify the challenge of managing
distributed management regimes for record preservait least the three corners symbol, reference,
referent and the record themselves will be pathisfchallenge. To some extent, this challenge is
handled in archival standard initiatives like Noarid Moreq.

The LongRec case studies may identify a need ftihdu elaboration on these topics.

8.1.2 Conservation regime for semantic value

A challenge will be to find the semantics in oldosds. Some of our challenges in LongRec are
related to records not held by a proper consemvaigime. This means that we have no or little
explicit information about the context or worldvief/ithe author, and little or no metadata.

Based on our literature search it seems uncle¢heifalue of the information from knowledge
engineering in the 1980s and 1990s has been mdalhyrgreserved. This could be an example of the
digital bomb, i.e. records relevant for this reparich we were not able to find, read and undacksta

8.1.3 PANIC: A conservation regime

Semi-Automated Preservation and Archival of Scfenbata using Semantic Grid Services is
described in [5], and is called PANIC. This isalvanced service offered for long term preservation
and parts of it is using semantic technology.

Moreover, it is generally recognized that ther@dssingle best solution to digital preservation.
Differences in the needs and practices of vari@isngific disciplines make it difficult if not
impossible to define a ‘one size fits all’ approdatselecting, appraising and retaining
scientific data. The most appropriate strategy dejseon the particular requirements of the
custodial organization, the producers and usergsofollection and the nature of the objects in
the collection. Hence within the PANIC project wenbine the efforts of the different domain-
specific preservation initiatives by integratingtrange of tools and services being developed
into a single encompassing Grid framework. Morecgmally PANIC uses a flexible, dynamic,
semi-automated approach which provides accessamge of metadata tools and risk
assessment, notification, emulation and migratenvises through a Semantic Web/Grid
services architecturg5]

The PANIC system comprises three main components:
* Preservation metadata generation tools
» Obsolescence Detection and Notification services
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* Preservation Service Description [5]
8.2 Technology based countermeasures

8.2.1 Time series of ontologies for preservation of seméns

Records need several types of metadata, includfigition/ontology metadata, to be useful. In the
LongRec focus of preservation of semantic value résult of our literature study mainly shows us a
snap-shot of the last version of an ontology. Farrtiterature study will hopefully show some
initiatives on this topic, candidates could be:

+ FEurostat's Metadata Senidtp://ec.europa.eu/eurostat/ramon/
¢ http://www3.ssb.no/stabas/DOCS/Neuchatelversiopdfl.
e The DDl initiative [32].

8.2.2 Automatic building of ontologies

An important research topic is ontology learningtthims at providing (semi-) automatic support for
building ontologies. This aspect is addressed 1In ¢hap 2] and [17, Chap 9].

8.2.3 Semantic annotation

The process of linking ontologies and record canitereferred to as semantic annotation. This
linkage is basis for value adding services and iack search. By adding metadata about semantics
to records, software functions and search engirsgsuse both the record content and the semantic
annotations to give the users a more sophistidated of services.

Annotations could be:
e Manually added by a record owner or communitiegsefrs or other interested parties
» Added by algorithms either based on record analgsi®logy/reasoning analysis, user
behaviour analysis or other changes.
* Combinations where e.g. algorithms suggest anoimtnd users approve, edit or redraw
them.
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APPENDIX A: TERMS AND ABBREVIATIONS

Semantics

The science of meaning

Semantic (adjective)

Of or relating to meaninganduage. (Webster)

Semantic technology

Semantic technologies consist 0
* A model for explicitly encoding the meaning of infwation
» Software for using and maintaining the model.
These models are often called ontologies.

Semantic solution

Semantic solution consists of
e Semantic technology
* Records related to the model
Software services with the purpose of offering fiorality to system
or users where the use of models are an importaht p

Ontology

An ontology may take a variety of format it will necessarily
include a vocabulary of terms, and some specitioatif their
meanings. This includes definitions and an indazabf how conceptg
are inter-related, which collectively impose a staue on the domain
and constrain the possible interpretations of tg§fs An ontology is
typically a set of references.

Semantic model

Within the term Semantic Model wauide the
« Designed ontology, or the implied folksonomy
+ The instantiated level

* The semantic annotations, i.e. linkage betweemnthelogy
and the instantiated level.

Semantic value

Is the amount of precision, qualit§ completeness in a record, in
corresponding types of metadata and in relateddscVith the
purpose of making users able to interpret the crderrectly to their
purpose.

Ideally semantic value should be possible to measund a high
semantic value should make it easy for a usemretard to interpret it
according to writer’s intention, worldview, refen symbols etc.
Metadata should be related to all the ten areabarfige listed in this
report.

Semantic annotation

Semantic annotation is a ogldtétween a record, or content in a
record, and an ontology. The annotations are @xplnd have
metadata related to author, creation time etc.

Record

It is a container keeping data and knowledgpeit a referent. Could
be structured or unstructured text, pictures, nus)beodel etc.
describing some aspects of a referent. The re¢mdld have a clear
boundary and contains symbols. It may have tHeviwhg properties:
content, structure (reference to an external medglan XSD),
metadata (e.g. Dublin Core), presentational mesaalad a technical
format for storage and exchange.

OAIS: information
packages

The Content Information and associated Preservabesacription
Information which is needed to aid in the preseorabpf the Content

Information. The Information Package has associd&adkaging
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Information used to delimit and identify the Conteriormation and
Preservation Description Information.

Knowledge base The sum of records and ontolog@esented in such a way that it |s
useful to people or machines.

Symbol The words in a language or symbols likditraigns. Symbols are
used to identify a reference.

Reference A concept or class, its definition aridbattes.

Referent An instance/object, which has a lifespan.

OAIS: Content The set of information that is the original targdtpreservation. It ig

Information: an Information Object comprised of its Content Dé&thject and itg

Representation Information. An example of Contefarination could
be a single table of numbers representing, and rstaiedable as
temperatures, but excluding the documentation Waild explain its
history and origin, how it relates to other obseiwvas, etc.

OAIS:Information A Data Object together with its Representation fimfation.
Object

OAIS: Data Object Either a Physical Object or a Digital Object.

Data quality ISO 2382-8 defines data quality akWs: Data quality isthe
correctness, timeliness, accuracy, completenebsaece, and
accessibility that make data appropriate for these”.
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APPENDIX C: LITERATURE SEARCH

Based on input from project participants we perfedra literature search the™6f August 2007 in

the Inspect database using the terms listed beManually we read through the abstracts of #4, #5,
#9 and #19. In addition a number of papers, baokkreports and their reference lists have bees bas
for our literature search. Some results have @soe out of internet search engines.

#19 (state of the art) and ((("knowledge-repregentain DE) or
("semantic-Web" in DE)) and (PY > 2001))(39 recqrds

#18 (("records-management" in DE) and (PY > 20@hy (state of the
art)(4 records)

#17 state of the art(24167 records)

#16 (("records-management” in DE) and (PY > 20@hy (state of the art
and (TR:INSP = REVIEW))(2 records)

#15 state of the art and (TR:INSP = REVIEW)(690¢bres)

#14 (("records-management"” in DE) and (PY > 20@hy (TR:INSP =
REVIEW)(337 records)

#13 (review and (PY > 2001)) and ("records-managetria DE) and (PY >
2001) and (TR:INSP = REVIEW)(25 records)

#12 (review and (PY > 2001)) and ("records-managetria DE) and (PY > a
2001)(77 records)

#11 review and (PY > 2001)(139711 records)

#10 ("records-management” in DE) and (PY > 200I8L%cords)

#9 ( (old data) in AB ) and (PY > 2001)(81 recqQrds

#8 ( (old data integration) in AB ) and (PY > 20@L)ecords)

#7 ( (krogstie) in AU ) and (PY > 2001)(12 records)

#6 (("knowledge-representation” in DE) or ("semaiWieb" in DE)) and
(PY > 2001)(5855 records)

#5 (Records-Management-Bulletin in SO) and (PY 81(QL79 records)
#4 ( records preservation ) and (PY > 2001)(12néz)o

#3 (record semantics) in AB(2 records)

#2 "data-integrity" in DE(6398 records)

#1 "records-management" in DE(4472 records)
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