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1 INTRODUCTION

1.1 PURPOSE OF THIS DOCUMENT

This document provides the first instalment of iegments for the CASPAR components.
Further instalments will be produced at variougasahrough the life of the project.

The steps involved have been to:

(1) examine a number of datasets in detail, id@ntf as far as possible, all types of
information implicitly or explicitly used by knowtiyeable users to extract usable
information from bit sequences.

(2) identify a number of issues, requirements astbed scenarios covering, as far as
possible, all aspects of changes which might affleet preservability of the information
encoded in bit sequences.

1.2 DOCUMENT STRUCTURE

The requirements must be viewed in the terms oftlope of CASPAR, which is discussed
next, and also the overall goals and objectivethefproject, which, for convenience, are
repeated, in section 1.4, from the Description afrky

Section 2 describes the way in which we have aghexh gathering the requirements and
scenarios. Given the wide range of disciplines #&swmportant to elicit details in a
structured way which would allow intercomparisometds. The guiding principles for this
have been the concepts from the OAIS Reference Mode

Sections 3, 4 and 5 have examples from, respegtiseience, performing arts and cultural
heritage. Each example is analysed in a similar. vilimch example covers a range of
different digital data types. We also some indaratiof the relevance of the specific
examples to the broader world of digital data.

In section 6 the common requirements (but not draestive set) are collected and some
guiding principles are proposed. These are suppltedeby the requirements taken from
the Warwick workshop [WARWICK-1] in Appendix Al, wdh are closely related to
CASPAR, as is the Research Programme proposed éoyfdsk Force on Permemnent
Access to the Records of Science [TFPA]..

1.3 SCOPE

Digital preservation involves legal, social, finecas well as technical issues. All are
important but clearly CASPAR must be focussed antdthnical solutions, although we
would hope that there would be financial impactsdose the availability of more effective
techniques. The increased ability to share presiervafforts, which the CASPAR system
will allow, will reduce the costs of digital presation for data archives. CASPAR may
also be able to provide some insight into the legalcial and financial aspects of
preservation but is unlikely to provide solutionghese areas.

The OAIS Reference Model provides the high leveh#ecture for the technical issues
which CASPAR must address. However while the RefszeVlodel provides fundamental
concepts such aRepresentation Informatioand Designated Communityn order to put
produce a real-world implementation we must cortfreal-world requirements. We must
also ask fundamental questions suchédmtdoes Representation Information incl@dis

it practical to capture enoudgh Gan a Designated Community be adequately defirsedl
many others, in order to test the usefulness ofJitskelf.

There are many strategies which may be adoptetetepre digitally encoded information.
The OAIS Reference Model identifies four primarygithl migration types namely (1)

refreshment and (2) replication, both of which dat mhange the bit sequences, (3)
repackaging which changes the Packaging Informatiah (4) transformation, which may

IST-2006-033572 PUBLIC 71123

*69



Date:21-Dec-2006 D4101 User Requirements and Sae&arecifications
Project: CASPAR
Doc. Identifier: CASPAR-D4101-SCEN-0101-1_0

CASp,
e

&
b4
¢

change the bit sequence of both the Packaging lmdContent Information. OAIS also
discusses preservation strategies which depend kgeping the bit sequences unchanged
and preserving the access to the information. Acedsch relies on emulation implies an
unchanged bit sequence. Underlying these strategiethe need to maintain the
understandability and usability of Digital Obje¢tst sequences), by means of the use of
Representation Information.

Consideringransformationin particular, it is probably safe to assume thate strategies
which are human resource intensive wit continue indefinitely. Also the question arises
as to what to transform the bit sequence to at stafpe, bearing in mind the need for
further preservation efforts and the need to enthatthe bit sequences are usable by the
Designated Community. Experience needs to be gaihedt the implications of the use of
particular formats or families of formats to inforthe choice. Furthermore the actual
encoding of the information is only a small partleé Representation Information required,
in particular the amount of relevant semantics lfeipimplicit and tacit) may be very
large and much will be independent of the codireg,independent of the format.

For these reasons CASPAR will focus on tools anddieniques to preserve the ability to
convert a given bit sequence into usable informatia We will, over the life of the
project, take a very wide range of example datasetto identify the capabilities
required. On the basis of the experience gained frno this we will then be in a position
to advise on preservation strategies and produce levant tools and infrastructure
components.

It is worth noting that benefits can accrue fronegarvation activities to contemporary
users as well as to future generations. We sayp#uause preservation efforts are designed
to keep digitally encoded information understandadhd usable by future generations,
despite its beinguinfamiliar to them; but the same is true for that same inddion to
many, if not most, contemporary users. They ungyigea is therefore that of being able to
allow users to understammhfamiliar data, whether created yesterday or many decades ago.

1.4 CASPAR OBJECTIVES

From the CASPAR Description of Work, the objectivafsthe project can be stated as
follows:

The CASPAR challenge is to achieve four main goals that aasthted as follows:

Goal 1: build a pioneering preservation environment based on a full use of the OA|S
Reference Modeand building in the latest developments in knowketechnologies

Goal 2: demonstrate its ability to handle the preservationof the digital resources of
many user communities

Goal 3: advance the current state of the art in digital peservation

Goal 4: development of technological solutiosigpporting the emergence of an offer o
systems and services for preservation of digital smurces

Expanding these goals into more specific objecliG@SPAR will:
1. Implement, extend and validate the OAIS referenodeh

2. Enhance the techniques for capturing Representatidormation and other
preservation related information for content olgect

3. Design virtualisation services supporting the pnestion of digital resources over the
long term, despite changes in the underlying comguthardware and software) and
storage systems, and the Designated Communities.

4. Integrate as standard features of CASPAR, digitgdts management, authentication
and accreditation.
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5. Research more sophisticated access and use meathgueserved digital resources
including intuitive query and browsing mechanisms.

6. Develop case studies demonstrating the validitythef CASPAR approach to the
preservation of digital resources across diffetesgr communities and assessing the
conditions for a successful replication.

7. Actively contribute to the relevant standardisatiactivities in areas addressed by
CASPAR.

8. Raise awareness about the critical importance efptieservation of digital resources
among the relevant user-communities and facilithéee emergence of a more diverse
offer of systems and services for preservationgifal resources.

Validation of these objectives is to be via a numiieMeasurable Objectives, addressing
preservation aspects including

e asound theoretical basis and in particular aligntmagth the OAIS Reference Model,

» "accelerated lifetime" tests involving hardwarefware and the knowledge base of the
Designated Community,

e an increase in the trustworthiness of archivesguSiASPAR.

IST-2006-033572 PUBLIC 9/123
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2 THE APPROACH TO REQUIREMENTS ACQUISITION

The methodology adopted was developed by takingodst aspects of the InterPARES
[InterPARES-1] and ERPANET [ERPANET-1] questioneairmethodologies, but
structuring the resulting questionnaire much marangly in line with OAIS and focussing
on specific datasets. However, in order to priseitthe datasets, specific selection phases
were introduced based on a “pre-questionnaire”.

The resulting methodology involves five stages:

1. Prepare pre-questionnaire and full questionnaiaseth on OAIS, the CASPAR
validation metrics, and additional sections designe elucidate digital rights
management (DRM), authenticity and provenance.

2. ldentify candidate repositories/projects/datasetsthe three domains (science,
cultural heritage and performing arts).

3. Obtain input from pre-questionnaires and producgeripised list.

4. Interviewers then obtained information to answex fbll questionnaires from a
prioritised list of candidates, based on the prestjonnaires.

5. Subsequent analysis identified appropriate scesdoiotestbeds and requirements
for components and the framework.

For each repository the following diagram showsptecess flow.

Pre-select test
v
Pre-questionnairg
v
Pre-analysis
v
Select testbeds
v
Full
guestionnaire
v
Full analysis
Pre-select test

2.1 QUESTIONNAIRES

The questionnaires were structured to be alignetth wie draft high level CASPAR
architecture and components, but with sufficieexithility to capture the preservation plans
which may already have been in place for each datas

2.1.1 Pre-questionnaire

The pre-questionnaire was a very short versiomeftll questionnaire and designed to be
completed by data managers by themselves if negeddze aim of the pre-questionnaire
was to be able to select a number of datasetvéstigate in more depth.

Each repository was characterised at the outsttebjollowing basic features.
1. Holdings: overview of the type of data held, arstof data sets.

2. Data Set: A description of the digitally encodetbimation to be preserved, from
the bit level to the knowledge it conveys to iteusommunity. We do not at this
stage need very detailed descriptions. In additiemeed a brief description of

a. access restrictions

b. what information/behaviour the data encodes

IST-2006-033572 PUBLIC 10/123
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d. how the required data is located and retrievedydiocg DRM and Legal
issues)

e. what additional data, equipment or knowledge is leygual to extract
required information/behaviour from the data.

3. Data Producer: A brief description of the groupdiwidual or institution that
produced the data set.

4. User Community: A description of the current usesmmunity and the
characteristics of the designated community for mlois data might be preserved.

5. Current preservation plans.

2.1.2 Structure of the full questionnaire

The questionnaires is structured following the CABParchitecture, components and
framework. Thus it covers:

For each dataset, more details of:

1. production: description of the way in which thearrhation is captured or created
2. current use:

» finding aids

» software used to access the digital encodings

» software/mechanisms to use/perform the encodednafiion
and, in alignment with the CASPAR high level arebture:

» ingestion into the repository
* access control
» knowledge/behaviour encoded

» domain specific virtual objects e.g. sound recaydinmoving images, Earth
observation images, Solar Terrestrial Physics dtgas these can be made
from:

* generic virtual objects e.g. images, tables, serpgretc plus simple values
» binary encodings of the information

» storage mechanisms

The questionnaire is available on the CASPAR wéb (shttp://www.casparpreserves.eu )
and also as an appendix to this document. Compl@redquestionnaires and full
guestionnaires are available as separate documents.

2.1.3 Candidate projects/datasets

Each domain — science, culture and arts — prodadestl of candidate projects/repositories,
where possible specified down to individual datséhe list of candidates aimed to cover
a variety of repositories, data types, producersiess controls, significance of the
information etc. This list will be extended throwgi the project.
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2.1.4 Pre-questionnaires and prioritisation

The prioritisation criteria were allowed to be di#nt between the domains. One essential
criterion was to ensure that there was a good tyaiieeach group of, say, ten in each
discipline, in order to ensure that there was, atisimum, an adequate variety. A small
number (at least two) of cases were then identiftedeach domain as suitable to taking
into testbed scenarios, and a great deal morennafiton was gathered for these cases.

2.1.5 Use of full questionnaire

The full questionnaire was written to be understdnhel by the interviewers, who have a
common understanding of the questions, and enabla to obtain a minimum depth of
detail for each case. The interviewers talked vargety of people, as appropriate, involved
with each repository in order to gather informatiotomplete the questionnaire.

Although the questionnaire was designed to be eglh a single dataset, it has proved
convenient to combine a number of related datasetaimber of points will be applicable
to all these datasets, with additional issuesedlat specific datasets identified separately.

2.1.5.1 Science examples

The CCLRC questionnaires were completed in collatiom with the UK Digital Curation
Centre fttp://www.dcc.ac.uk CCLRC’s lonosonde testbed is characterised by the
preservation needs of data accumulated over agderigd of time, and from geographically
distributed sources. In essence the same quarditeslways being measured, but with
different instruments, processing software, etaee Pphocessing chain from raw data is of
key importance, especially the knowledge embeddedit,i for example about the
characteristics of particular ionosondes. A prdprie file format, whose structure is not
publicly available, is used by one of the leadingdsonde manufacturers. It would be
desirable to allow for annotations, for exampleetuliarities of particular measurements,
so that data can be correctly interpreted in theréu

CCLRC's EISCAT testbed shows some of the same pratsen issues. In particular, the
processing chain applied to the data is of key mamze. Multiple independent analyses
can be made of the same raw data, and the sigmificaf these should be preserved. A
similar requirement for annotation arises, for egbamo indicate whether filtering was
applied to the raw data. Some of the data procgé$sis a dependence on external reference
models, outside the control of the archive, thatwgrdated over time. It would be desirable
to capture and preserve the intent of particulgregments and the links to other (non-
EISCAT) measurements made as part of the sameimegrer

CCLRC's MST testbed, like the lonosonde testbedlddca long-term record of
atmospheric data. Once again the processing chaimpiortant, a particular issue being the
progressive enhancements of the signal processidgniques represented by updated
versions of the data processing software. As fos@énce testbeds, data authenticity and
integrity arises from trust in the organisationtaffsand reliability of the underlying
operating systems and computer hardware.

The ESA Earth observation testbed is charactebygeal processing chain on the raw data,
and the emergence and adaptation to a new staadehive format. Supplementary data
includes data on satellite orbits and calibratléigh-level knowledge covers the purpose of
observation campaigns.

2.1.5.2 Performing arts examples

The IRCAM testbeds in electroacoustic music anddlfiields, by contrast with the science
testbeds, throw up issues of the purpose of retriefvarchived data, whether for viewing,
re-performance or analysis and criticism. Theredwverse types of materials required to
fully represent a performance - texts, active meslutechnical documentation, etc. The
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intentions of the creator of the work are importa# is the judgement of authenticity of
future performances. To permit re-performance, dhehive must allow the retrieval of
everything needed in a usable form.

INA’'s testbed in acousmatic music production shau®ng similarities to IRCAM’s.
Again it is concerned with preserving the musicategrity of the work. There is a
dependence on technology such as sound sequemddc, are in constant evolution,
making it difficult to freeze particular states fmeservation. There is varied supplementary
information of relevance, including not only perfance directives but also recordings of
past performances and external material such agseasd newspaper articles.

The University of Leeds testbed in Interactive Mu#dia Performing Arts, like the science

testbeds, makes the processing chain of key impmetal he chain links the creative input
(e.g. gestures of the performer) to the output waithe use of specialised software and
hardware in interactive multimedia systems will @bicate the problem, as any

replacement of components may cause a loss totgrity of a performance. A particular

issue is that there are many different file formatgently used for 3D motion data, usually
specific to the applications they work with.

CIANT'’s testbed, the AMANT archive, for video arheded in Real Video, allows
annotation by curators. The aim is to provide agtesa set of distributed archives similar
to AMANT maintained by other institutes.

2.1.5.3 Cultural heritage examples

UNESCO's testbed concerns World Heritage Sitess Thof great importance because the
information has legal status, and also becaussitee themselves change and deteriorate
over time, so the archive provides a record ofrtbigite. The testbed will focus not only on
the storage, retrieval and preservation of the cbalsita, but also on preserving the
associated knowledge such as how the data wasredqand the software needed to
interpret it. A requirement is to be able to medg¢a and extract different models such as
3D representations. New data formats (such as ratg) dnight be defined outside the
archive and the archive must be able to cope Wwithkind of evolution of practice.
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2.2 ANALYSIS APPROACH

2.2.1 Preservation issue identification

In general modelling terms we have, as describethénDescription of Work [DoW], a
preservation model guided by OAIS, which suggekts hain components needed. A
detailed Conceptual Model will be presented in WiBdckage 1200.

In normal modelling terms what we need next aré llegel Use Cases - these are scenarios
which show some aspect of added value - in thie pagservation. From these Use Cases
requirements are then extracted.

In order to guide the production of scenarios, iangarticular to have adequate coverage of
the ‘preservation space’ we use the following tabl@lentify issues:

CASPAR element | Summary of Current situation

of testbed

(Likely source of information in
guestionnaire is shown below)

Preservation issues arising
from

» changes in hardware and
environment (software,
legal, social etc) and
Designated Community

* loss of sources of
Information (including
loss of host archive)

Ingest Section 4 of questionnaire
Preservation Addressing issues of Provenance,
Description Fixity, Context and Reference
Information

Representation Parts of sections 2, 3 and 9 of

Information guestionnaire

Annotation

Packaging

Description

Information

Access Section 5 of questionnaire
Access control, Sections 6 and 14 of questionnaire
including DRM

Higher-level Section 2 of questionnaire and the
knowledge separate FORTH questionnaire

(treated as section 15 in CCLRC|s
guestionnaires)

Sections 10, 11, 7 and 8 of
guestionnaire

Virtualisation and
representation
information

Storage and storage Section 12 of questionnaire
virtualisation

Preservation
orchestration

Some aspects of section 9 of
guestionnaire

Authenticity Some aspects of section 4 of

guestionnaire and others
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This method of identifying issues focuses on eximgcrequirements for the CASPAR
components and framework, and also testing the umagqof the overall CASPAR
architecture.

Where the analysis reveals that we need furthesrnmdtion/clarification on our data
background or its preservation requirements, thergavback to the repository with further
questions.

2.2.2 Special issues

During discussions with the various stakeholdersisiclear that many have in mind
improvements to the current system; such improvésnane not within the remit of
CASPAR. However where these improvements reflect umderlying preservation
requirement, for example to capture the knowledgld bnly by specific individuals, who
can be asked for facts and clarifications right relut not in the future, then these ideas
should be captured, and the corresponding presamiasues noted.

2.2.3 Preservation scenario creation

It is clearly important to generate a wide rangsagnarios in order to touch upon as many
preservation issues as possible. In order to ghidegorocess we propose a classification of
potential changes, based on themes highlightetddoDAIS Reference Model. Within each
of these broad areas we try to describe, in getamals, the range we should consider when
constructing the scenarios. In this way we havéexklist against which we can measure
the coverage of our testbed work.

2.2.3.1 Hardware and software changes

The range of computer CPU hardware is becoming mive¥se, when taking into account
new technologies such as RISC, Cell processorseédan systems and also updates to
existing CPU instructions sets (affecting binarydeocompatibility). The increase in
popularity of virtual architectures such as Javd MNET only adds to the problem of the
diversity and future compatibility of ‘binary apgéition code’.

There are some specialised pieces of hardware whah be involved in scenarios and
careful consideration must be given to functiogadibtd maintenance.

Similarly, if one takes into account the many diéf@ versions of Linux, BSDs, Solaris,

Windows, embedded operating systems, OpenVMS etaiversity of operating system

environments has increased over time. As for rup@ipplication code, it is not always

possible to reliably run a Linux application on timany different flavours of Linux (even

with the same CPU type) due to differences in tpnd compiler versions, which means
that different Linux flavours can all be considetede different operating systems. Similar
things can be said for the other operating systems.

There is a much greater range of application seéwéhich we will have to cover in some
way. A given software application will be writtem & specific language or languages (e.g.
Java, Fortran, C), which implies the need for thprapriate compilers, possibly more than
one for a given language. The application is alsket, dynamically or statically, with
other things such as system libraries and devieerdt The latter will frequently change as
hardware such as storage devices, human interéateed and network devices.

Scenarios can include:
« Change of operating system for processing s/w

« What actions are needed as a result?
The nature of the change may include the following:
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« Possible decay of storage medium
* Obsolete hardware or software (this will encompdmslete file formats)
« Change in availability of software or documentatfoopyright issues)

2.2.3.2 Environment changes
Environment changes include:

e organisational environment e.g. organisation staff

* legal environment, including digital rights

Copyright restrictions on data, software, hardward supporting information evolves over
time, new rights may be created and others mayr@xphe result of this evolution is the
need to ingest or release access to the previadeshyified materials, information or data.
Some form of monitoring of the required copyrightedterials and owning institutions is
required to facilitate this.

It should be noted that copyright changes do necuoat the same time for all related
information for all end users i.e. the copyrightpe& on a score/data from scientific
experiment but supporting text books /journal gtor instructional manuals is still under
copyright. This creates a common requirement aabstata sets that access be dependant
upon the unique combination of end user type afminmation unit retrieved.

Changes in law e.g. freedom of information or gatstection have a very broad effect. All
archives are potentially subject to evolving resions be they at a governmental or
organisational level (i.e. between an archive andexr community). The ability to apply
restrictions based on individual information unitsd specific types of user within the
designated user community is required.

2.2.3.3 Simulation of changes in the designated community

Special consideration must be given to simulatingnges in the Designated Community.
The aim in the testbed would be to verify the &pito ensure that data continues to be
independently usable and understandable by thegietsid Community as its knowledge
base changes. CASPAR should be able to supply wdotsh enable enough Representation
Information to be created and updated.

We propose a general set of scenarios for anycpéatidataset as follows:

e Produce a number (e.g. 12) of questions which somewho understands that
dataset should be able to answer — the currerafsddta users should be able to
produce this list.

* Choose sets of users each defined by knowledges lraseasingly different from
the current users. At least some of the sets asusg®ould be able to answer the
questions satisfactorily. For example if the datasmcerns lonosondes then one
could have

o0 Current users: very knowledgeable about ionosondes
0 lonospheric physicists

0 Atmospheric physicists

0 Physicists

o0 Scientists
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It is not reasonable to demand that all sets afsuse able to provide satisfactory answers -
if only because of the limited time available fagrfprming the tests, but it should be
possible to get someway down the list. Special idengtion must also be given to
Performing Arts, where special skills are necessach as playing the required instrument.

2.2.3.4 Additional considerations

e Can the change be detected by the CASPAR orchestrabcess? If so then how?,
If not then why not?

* Are the implications of changes worked out by tH#eSEAR process?

« Does the CASPAR process identify and support thieracrequired?
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3 THE SCIENCE DOMAIN
3.1 WORLD DATA CENTRE IONOSONDE DATA (CCLRC)

3.1.1 Introduction

The World Data Center (WDC) system was createddbive and distribute data collected
from the observational programmes of the 1957-1Bf&rnational Geophysical Year.
Originally established in the United States, Eurdpessia, and Japan, the WDC system has
since expanded to other countries and to new #itedisciplines. The WDC system now
includes 52 Centers in 12 countries. Its holdimgéude a wide range of solar, geophysical,
environmental, and human dimensions data. The Wi»Gbélar-Terrestrial Physics based
at the Rutherford Appleton laboratory holds ionashdata comprising vertical soundings
from over 300 stations, mostly from 1957 onwartisugh some stations have data going
back to the 1930s.

The lonosonde is a basic tool for ionospheric nesedonosondes are “Vertical Incidence”
radars which record the time of flight of a radignal swept through a range of
frequencies (1-30MHz) and reflected from the ioditsyers of the upper atmosphere (90-
800km) as an “ionogram”. These results are analyeedive the variation of electron
density with height up to the peak of the ionosph&uch electron-density profiles provide
most of the Information required for studies of tlo@osphere and its effect on radio
communications. Only a small fraction of the reeatdonograms are analysed in this way,
however, because of the effort required. The tiauid input to the WDC has been hourly
resolution scaled data, but many stations takedingsa at higher resolutions.

-

[llustration 1: Worldwide distribution of ionosonde stations

The WDC receives data from the many ionosondeosisitaround the world through a
variety of means including ftp, email, CD-ROM. Dasgprovided in a number of formats:
URSI (simple hourly resolution) and IIWG (more cdey time varying) standard formats
as well as station specific “bulletins”. The WD®@r&tld data in digital formats comprises
2.9GB of data in IIWG format and 70GB of raw MMMAG, ART files from Lowell
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digisondes. The WDC also holds about 40,000 roflsLt&35mm film ionograms and
~10,000 monthly bulletins of scaled ionospheriad&ome of this data is already in digital
from, but much, particularly the ionogram imagesaot yet digitised.

e Many stations’ data is provided in IWG or URSI rizat directly. This data may be
automatically or manually scaled.

* A selection of European stations provide “raw” fatndata from Lowell digisondes, a
particular make of ionosonde, as part of a COSTJeptoThis data is in a proprietary
format, but Lowell provide Java based software doalysis. The WDC uses this
software to manipulate this data, particularly frehe CCLRC’'s own lonospheric
Monitoring Groups ionosondes at Chilton, UK andn@tg, Falkland Islands. The
autoscaled data from these stations is also stor@dPostgreSQL database.

» Other stations provide a small set of standardrpefers in a station specific “bulletin”
format which is similar to the paper bulletins itachally produced from the 1950s
onwards. The WDC has some bespoke, configurabtevaiaf to extract the data from
these bulletins and convert it to IWG format.

It is important to realise that this is a totallgluntary data collection and archive system.
The WDCs have no control or means of enforcingtaridard” means of data processing or
dissemination, though “weight” of history and ea$eise tends to make this the preferred
option.
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lllustration 2: Sample ionogram from a Lowell digisonde
Most ionosondes are provided by a small numbepofroercial companies which may also
provide proprietary analysis software.

Recreating the actual plasma density profile framogram data is an important use of
lonosonde data. Such a procedure is known asrdale height analysis.
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The time of flight from each echo (frequency swee@n ionogram, gives some indication
of the height at which the radio wave was refleclidds cannot be taken as the true-height
of the layer due to the effect of any ionisatiorhia path of the wave.

In order to obtain true height values, the wholg path must be reconstructed and this
requires assumptions to be made about the electnocentration along the ray path. The
assumptions which allow one to do this are embeddedommunity knowledge and
software which have evolved over time.
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As a testbed this collection of data allows us xplae data resulting from same type
observation using similar types of instrument deag period of time. It will permit us to

examine the issues surrounding data originatingn figeographically diverse locations,
operated by different types of organisation, usiifferent models of instrument,

employing different modes of operation whilst atially being subject to different

software and manual interpretive processing. It aldo allow us to inspect the evolution
and preservation requirements of the knowledge Hasesurrounds a relatively mature
area of scientific Investigation.

3.1.2 Preservation significance

Importance: The primary interests of the organizations whooperate to provide this
global network of observational data fall into fodifferent fields. The data, being
environmental monitoring is also impossible to ogjuce and may have future relevance
not currently seen. As seen by its recent usedhbajiclimate change studies.

* Those primarily concerned with earth environmeutli&s the data allows for long
term global monitoring and mapping

* Those interested in the exact form of the ionosplér specified time, e.g. for
comparison with a rocket or satellite data or tadging time variation in events.

* Those primarily concerned with radio propagatioobms and communications
research, both surface and space.

For those involved in geophysical studies the déga allow one to examine various types
of geophysical phenomena. The current WDC user aamtgncomprises approximately
1000 users annually with over 2 million individutdta accesses.

Uniqueness of data and holdingThe WDC based at Rutherford Appleton Laboratdees
part of a larger international WDC system whichastinually evolving due to scientific,
technical and economic factors. When the WDCs wamgnally set up in 1957, multiple
centres were deemed advisable to guard againstrghic loss of data, and for the
convenience of data providers and users. Accortdiige WDC the system is currently
healthy and viable with most centres maintainir@rtfunding, though not without
struggle.
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3.1.3 Preservation issues

CASPAR element

Current situation of testbed

Presemtion issues arising from general
considerations and

e changes in hardware and environment
(software, legal, social etc) and Designated
Community

* loss of sources of Information (including loss of
host archive)

Ingest

The ingestion process can be quite complex anelsreh the
personal knowledge of the archive staff and intedloaumentation
as this is not always a fully automated processlufition to the use
of software developed in-house.

Data arrives from the global network of ionosondgs number of
methods as well as being in a number of differennats. This datg
may require additional processing so it is in tbact format for
depositi.e. IWG or extracted ionospheric paramsete

On occasion the data does not automatically aaieethe archive
staff personal knowledge is relied upon to make mbthis and
contact the appropriate organisation to obtairafhopriate data if
possible. The quality of the archive also reliegl@narchive staff
maintaining the ingest from the global network.

There are additionally a number of processes wbachir post the
initial ingest which extract parameters, update pmallate the
postgreSQL databases and manage the directoryustsic

A

Complexity of ingest process, including role playsd
staff of the archive in detecting and acting on
anomalies.

Preservation Description

Provenance Source implicitly linked to file location which

Provenance:Should be formalised including source ¢
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Information

identifies station of origin. Thereadditional station, instrument
and organisational information held within a pos®@L database.
There is also much additional information heldhia tommunity
relating to the make, model and mode of operatiche
ionosondes, information on scaling processes agahisational
information which is not currently within the argbi

Fixity: reliant on trust and correctness of operatingesyst

Reference full Unix path and filename within archive, not
externally accessible.

Context: WDC staff and scientist knowledge.

data, method of transfer. Table of station infoiorats
vital.

For processed data the processing steps should be
detailed in Provenance. Relevant projects include
[PROV-EU] and [PROV-MYG]

Fixity : need to investigate techniques for confirming
fixity e.g. digests. Also the security of any peutiar
digest algorithm over time.

Reference: Persistent ldentifiers
Context: see [CCLRC-01]

Representation Information

File extension indicébesat

e MMM = proprietary raw data format from Lowell digisde.
An EAST [EAST] description is now available

¢ SAO = scaled data — full format description avd#éab

* ART = proprietary format of automatically scaledaléull
format description not released by Lowell)

« lIWG = ionospheric parameters— full format desdoipt
available

Some parameter data only exists within the Postghases.

Data dictionaries available for all paramaters ar&d with
databases and IIWG file. There is also much additiomformation
held by the community. Additional information isntained within
URSI handbooks for ionospheric information and oltey texts
we have scanned into PDF for the purposed of tlojggt. There is
additionally material contained within standardt$eyournals and
websites on ionospheric science which are consudtgaarly by

Formal language descriptions of the data formadis an
data dictionaries would allow independence fromeo
of the access software.

The ART format is proprietary, used by proprietary
software, and may need continuing support, orteise

details of the format must be obtained and maylip¢ ke

in a ‘dark archive’.

The POLAN software is open source and requires
source code plus a FORTRAN compiler and UNIX
operating system.

There is a fundamental issue about the amount of
Representation Information: does the INFORMATIO
object from the RAW data include the processed
results? If so then this would imply the whole
processing stream constitutes Representation
Information. However this would imply that all
potential processing schemes would also be
Representation Information. This extreme interpi@ta

m

N

seems unsustainable. Some middle way needs to bg

D

IST-2006-033572

PUBLIC 22123

* 69



Date:21-Dec-2006
Project: CASPAR

D4101 User Requirements and Saesgecifications

Doc. Identifier: CASPAR-D4101-SCEN-0101-1_0

CASp, 40

K¢

users of the data.

found.

Annotation (could be
regarded as a special type
Rep. Info.)

Not explicitly captured by the WDC but there mayseseral
pEeparate analyses of a particular piece of raw data

Some kind of explicit annotation system would be
relevant to this data. In addition there are many
scientific theories which the ionospheric monitgrin
group have not had the time and resources to fully
investigate and therefore be recorded in journalere
are also other unexpected occurrences such agea lar
industrial fire or volcanic eruption which wouldueaan
impact on the behaviour of the ionosphere thetghii
annotate affected data is highly desirable

Packaging

Simple files in directories. File name includesedor source
station and date. No additional packaging

Raises the question of the reliability of filenaared
directory structure, for example if one transfefdeato
another system with different file structure. Naamel
date information exist as values within some offilee
formats.

Definition of the AIP is needed - perhaps [XFDU]

Descriptive Information

Finding Aids: Descriptive Information about theefik placed in
database used by finding aid and by the archivailBef station
location etc stored in separate table.

Access

Access via web based finding aids using PERL sctiptdentify
data file from postgreSQL database. There are rapegial
processing options. For example:

Data is currently accessed via the web by spegfiinthe type of
information

e Instrument

o Data Availability Listings

e |[IWG Parameters

Access and processing software currently require
PERL, POSTGRES, FORTRAN (C-wrapper ), C and
C++. Does this software need to be preserved?

Issue: the finding aid table can be re-construfram
data as long as the directory structure is maiathibut
needs additional Information about location ofistat
which obtained the data. Should the local "filename
actually be regarded as the full path?
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e Prompt Data (Data availability Ilistings, Autosca
Parameters, Autoscaled Parameter Plot, Autosq
POLAN height profiles, Autoscaled NHPC height plexi
Autoscaled Parameters Sec Style, Autoscaled
Download, Manual Parameter Data)

« Raw Data Files

* Recent lonogram products (lonogram, F-plot, Auttest
Parameters, Manually checked parameters,
height(POLAN) profile on Autoscaled data,
height(POLAN) profiles on manually scaled data)

Tr

In addition specifying the type of information statand time are
also required. Various programs are also usedttact reformat
and in some cases carry on further processingeadidita In order tg
create the required digital object.

ed
aled

File

True

ue

Access control, including
DRM

Read access open to all for data files althougistregjon is
required and a record of accesses is kept. No mpyrestrictions
are imposed. Important to note is that copyrightrietions
currently act as a barrier to ingesting criticgresentation
information. See also section 14 of [CCLRC-01].

There are issues with respect to non-CCLRC docuatientand
manuals.

Write access limited to system operations.

Loss of access to manuals would seriously affect th
usage of the data. These manuals may only be biei
in paper form and only in limited numbers, and rhay
copyright protected. This raises the question cditwie
can rely on in the long term and how that list esci@
explicit.

Higher-level knowledge

See section 2 of [CCLRC-01]. There is a great déaksociated
information

No formal ontologies exist although the data ditdiy may
considered to be one which defines all the IIWGapsaters and
many parameters within the other file formats retathips betweer

Loss of information on external web sites wouldeaff
usage of the data. Related issues:

« simple web site

1« content managed site may be especially difficult
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the parameters have not been defined. The datardicy carries

some instrument, organisational and other provemarformation.

* depth of cross-linking to other sites also difftcul

Related issue of what paper documentation can be
relied upon e.g. journals and other cross-refelence
Manuals were referred to under "Access control'vabp

Loss of expert staff would make use of data more
difficult. Some information is held only by a spféci
individual e.g. hand written notes, email or justrtan
memory.

Software such as POLAN, a “true-height” profileing
program, is required to process the data - theridhgo

behind it is important to preserve. Software SA@cer
is required to extract auto/manually scaled ionogra
trace information from SAO files fro prcoessing by

POLAN software.

Processing algorithm of Lowell software is not pebl
Software SAO_pars is required to extract the NHCP
profile from the SAO files.

Virtualisation and
representation information

Some data is represented as simple tables:

Instrument Records

Data Availability Listings

IIWG Parameters

File Availability

Autoscaled Parameters

Polan Height Profiles
Autoscaled NHPC height profiles
Characteristics

Tabular description of the raw and processed data
would allow at least basic access.

The high level parameters are relatively simple
elements stored in a database. POSTGRES softwarj
would have to be available unless the informatson i
exported to a simpler format. Even if POSTGRES is
available, separate definitions of the columns woul
have to be available.
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e Contour (electron density profile)
* Info (station constants etc)

Storage and storage Simple files, with automated backup systems torsgpdape data
virtualisation store. POSTGRES database used, and also off-gitesckept for
some data in other WDC sites.

Preservation orchestration | Co-ordination between set of World Data Centresiges some | This co-ordination could be related to the CASPAR-

orchestration. type orchestration.
Authenticity Relies on trust in WDC staff, WDC systems and almarce Digests etc could be introduced - see Fixity above.
systems Fundamental question of authenticity - including th

various copy processes which happen throughout th
life of a data file. A significant Issue Is theussof
authenticity of database elements.
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3.1.4 Preservation scenarios

3.1.4.1 Changes in hardware and software

Scenario 1: Change of operating system affecting dity to run WDC bespoke
software.

The WDC has a range of internally produced softw&erl scripts; C and FORTRAN
programs, for the manipulation and processingaridard [IWG and SAO data files.

e 1IWG manipulation — combine-iiwg, display-iiwg, meds-iiwg, merge-iiwg,
month-iiwg, split-iiwg, verify-iiwg — Standard C @grams for appropriate
manipulation of IWG files. Requires ANSI C compil®r recompilation on new
system.

Documentation on IIWG format freely available tHere reproduction of this
software is feasible if necessary. Requires preserv of IWG format
documentation.

e SAO extraction — sao_find, sao_itec, sao_pars,sgdit, sao_trace — Standard C
programs for discovery and extraction of particslections of SAO files. Requires
ANSI C compiler for recompilation on new system.

Documentation on SAO format available thereforeadpction of this software is
feasible if necessary. Requires preservation of S&@nat documentation —
multiple versions!

Perl scripts — There are various perl scripts ia tiat pull these software components
together for data ingestion and dissemination Via YWDC web site. Requires perl
interpreter and WDC internal documentation weh site

Scenario 2: Change of operating system affecting dity to run POLAN program
(FORTRAN).

Need to preserve ability to create POLAN profileke WDC website currently allows the
generation of POLAN profiles automatically from ttemogram trace extracted from SAO
files (see section4 CASPAR_01). The ability to the POLAN analysis program on these
values needs to be preserved. Either the abiityuh the Titheridge POLAN analysis
program to produce these profiles needs to be mexddrequires standard FORTRAN-77
compiler) or the archive needs to provide suffitidncumentation to recreate the data
processing algorithms within new software (Tithgadalgorithms in UAG-93 and scientific
literature).

Not all ionosonde data corresponding to parametengld In SAO & MMM files. Some
exists in paper format or in different digital filermat information at different Institutions.
An extension to the basic requirement would beitiotusion of documentation and the
preservation of software programs that would alteage information from these sources to
have POLAN analysis performed on it (see UAG repo&3 lonogram analysis with
generalised program POLAN for further details)

Scenario 3: Change of operating system affecting dity to run View to Gif program
(C++)

Need to preserve ability to create ionograms fr@w data files either by preserving
viewtogif (developed at Lowell). Either softwaredatte ability to run it must be preserved
or sufficient documentation to allow for the deywiment of automated extraction in the
future. Requires full documentation of MMM formaoi Lowell,

Scenario 4: New operating system no longer capahbdé running postgreSQL

Relationship between station Information and datactbries needs to be preserved so all
modes of access to data is preserved (see sectASFPAR_01) when new database
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system is queried. Requires PostgreSQL or dataatiogr to similar ANSI/ISO SQL
database management system.

3.1.4.2 Changes in environment

3.1.4.2.1 Rights Management changes

Scenario 5: Lowell no longer provides or supports 80 explorer

Need to preserve the ability to scale ionosphesirameters and ionogram trace from SAO
and MMM files (see section 7 CASPAR_01). Either ®&0O explorer program (Java)
needs to be preserved along with the ability to then program with accompanying user
documentation.

Scenario 6: Changes in copyright ownership and le¢jarestrictions on materials
supporting knowledge base.

A core requirement for the preservation of the kisolge extract from and usability of the
data set are copyrighted or otherwise restrictegmnads which include:

* Journal Articles

« Bilbliographies

* Books (standard texts)
* Websites

» Software

e Technical Manuals

e Copyright restriction and ability to deal copyrighsues is major reason for much
of the material not being added to the archive.

The Archive would benefit from guidance as to whidmework they should be operating
under for the types of materials mentioned abowkiamplications for cross border supply
and International Intellectual Property rights .

An alert service advising of key changes affec8ngh types of materials may be of use.
As would automated alert to the clearance of/dgpt on specified (by archive manager)
material such as key journal or texts so they lggtised and added to the archive or
released from a dark archive.

3.1.4.2.2 Organisation and personnel changes
Scenario 7: Retirement of key personnel affectingiowledge base

The standard texts contain the mature well estadafisscientific theory. There is a very
significant preservation risk with this material the majority of it is out of print with no
record of numbers/holders of copies or organisatioesponsibility for preservation. The
number of texts one would wish to store within #nehive is dependant on the depth and
breadth of knowledge one is seeking to presenieisdlifficult to provide and estimate of
this.

Current end users have become dependent on sulmstppoducts such as web of science
http://scientific.thomson.com/products/was’ locate journal material. This constitutes a
significant preservation risk and our ability toeperve such listings along with relevant
subject indexing is something that requires furtheestigation.

The result is a need to create an unbiased brblpy in consultation with key people in
the field of lonospheric Science (see section 9 RCLO1)

There are lot of theories within the community Wwhieave not had sufficient research done
to make it into journal literature. The annotatmithese theories to the appropriate data
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would be welcomed as would identification of eveatfecting the ionosphere, comments
on scaling quality or behaviour of the ionosondeaing quality of observation.

Scenario 8: Collapse of organisation supporting kneledge base

Organisational monitoring is significant so prewstu withheld information may be
requested from an organisation which may haveitedunding become bankrupt etc. An
archive would benefit from research into the infatibn support provided by the listed
organization. As such information would enhanceléwel and quality of knowledge that
can be extracted from an archive if it could bespreed by incorporation into the archive

Organisational support materials are again a higésgovation risk. Mechanisms and
strategies for digitising storing and cataloguingide range of materials which originate
from diverse groups would be highly desirable

The content of external website should be monitdoedhanges and any relevant material
preserved within the archive if deemed to besit ri

3.1.4.3 Changes in designated community

Scenario 9: Change in user community

As science evolves the reason why a scientist nialg W use this type of observational
data. It is extremely difficult to attempt to mipate how a user community will change.
However connecting this data into larger ontolodycl evolves over time for atmospheric
science would assist the discovery and use ofittis.

Use proposed methodology from section 2.2.3.3.
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3.2 EISCAT DATA (CCLRC)

3.2.1 Introduction

The European Incoherent Scatter (EIScat) associatas founded in 1975 by the research
councils of Norway, Sweden, Finland, France, Gegvand the United Kingdom to build
and operate a research radar system in the awegiahs of Scandinavia; Japan joined the
association in 1996. The technique uses high paadio waves at UHF and VHF
frequencies that are were weakly scattered byahesphere. Measuring the spectra of the
returned signal allows routine measurement of EdacDensity, lon Velocity and Electron
and lon temperatures from about 80km to over 100@ktih height resolution down to a
few hundred meters. There are a number of oth@herent scatter systems in the world
(e.g. Sondre Stromfjord, Millstone Hill, Aereceibm)t the EISCAT UHF system is unique
in that it has two remote receivers at Kiruna armbehkyla that enable full three
dimensional plasma velocities to be measured.

The raw signal from the ionosphere is stochastiodture; auto-correlation is used as a
signal detection system and the resulting functemesintegrated for typically 1-5 seconds.
If in this period any hard target (e.g. a satélléeters the beam then the signal is swamped
by this echo. There is also an ionospheric heatghe site and this can be used to conduct
experiments on the plasma in the ionosphere.

The raw data is typically further integrated teeadl of 1 to 5 minutes before being passed
through some analysis program that extracts theanpaters above. Under ideal

circumstances this analysis could also producenpetexs for the ion composition and the
ion-neutral collision frequency as well as thoseegi above; often however the analysis
relies on the help of a model to reduce the degrE&sedom in the fitting process in order

to produce a result.

Data can be further processed by folding in a magrield model (e.g., IGRF) and a
neutral atmosphere model (e.g. Alcadye) to produakies for Joule heating and
ionospheric conductivity.

EISCAT also operates a VHF transceiver in Tromsd anUHF system located in
Longyearbyen on Svalbard.

Taking data from Tromsg and the two remote statigimnvs a full three dimensional
velocity vector to be computed. Under very dynaminditions the theory behind the
analysis breaks down, a so called “non-maxwellipl@sma, and features of this can be
seen in the spectra from the remote sites whers$taince the temperature of the plasma
depends on the direction from which one looks.

Operating time on the radar is divided into twossks: a “common programme” that is

intended to form a synoptic set to enable long tetudies and is shared equally by all

members of the association and a “special progranahere each associate runs the radar
using programmes created by the associate witpriligege of exclusive use for one year.

Much of the special programme time is used in ragtociate collaborations where again
those collaborators share the exclusive use.

The radar is also used to make observations c$dlae corona using the technique of inter-
planetary scintillation.

In normal operations a simple analysis of the dsitaarried out in near-real time. The
results of this analysis are then copied into @hige in Kiruna. The raw data is sometimes
analysed/reanalysed subsequently to the operatidrités data may also be copied to the
archive in Kiruna. The UK group mirrors data fronmmstarchive but also add extra analyses
done in the UK by staff members at CCLRC (RAL) grdelected “expert” users from the
university community. A limited amount of analysedmmon programme data is shared
with the world community though a programme knowr'@dar” and a database referred
to as “madrigal’.
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The specific data holding selected for the CASPARMed is the CCLRC mirror of the
archive at Kiruna.

3.2.2 Preservation significance

The incoherent scatter technique provides the widesging measurements of the
ionosphere over an extensive height range. The laminUHF system is unique in the
world having the ability to produce true three dmsienal velocity data and to make
observations of non-maxwellian plasma effects.

Limited amounts of the data are available with@striction, most data sets are limited to
members of the association.

The raw data from the radar is both large and alninggossible to understand without the
comprehensive analysis system. The analysed rem@tsnuch more accessible to a non-
specialist but lack a clear audit trail to ensinertveracity.

A major topic of study is the link between everdsrs by spacecraft and their effect on the
earths ionosphere (most of the interaction betviieersolar wind and the earths atmosphere
happens in this region).

The radar is often used in conjunction with optegberiments to help in the understanding
of auroral physics.

Used with a tomograhic receiving chain to deterngreund truth and a vertical profile for
the tomographic chain.
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3.2.3 Preservation issues

CASPAR element

Current situation of testbed

Presemtion issues arising from general
considerations and

e changes in hardware, software and Designated
Community

« loss of sources of Information (including loss of
host archive)

Ingest

The raw and processed data from the receiver®aiitg the
archive held at Kiruna. This data, for the UK aondimon
programmes, is downloaded to CCLRC in the UK from Kiruna
web server. Scripts (itcl) are used to compare the data (raw an
processed) with what has already been obtained.

The raw data is stored as MATLAB files. These amcpssed
using theguisdapsoftware into result fileg¢lt), a process
involving integration and repeated running of thalgsis
programme. The analysis is a semi-automatic proggsssome
human intervention. The processing chain is nainged.

The archive directory structure has one top-leirglctory per year,
and then files with a naming convention (see unejgresentation
information below).

There are two additional relevant programs. Fottiseatic
systemyelcom(written in C, freely available) does velocity
combination. It takes data from the three stateoms converts to
3D vector velocity (result files»> result file). The conductivity
program takes the Tromsg results file and magfietat model and

The programs used for analysis will be subjechéo t
usual preservation risks.

The processing chain should be recorded (also a
jprovenance issue).

generates more data for the results file.

IST-2006-033572

PUBLIC 32/123




Date:21-Dec-2006
Project: CASPAR

D4101 User Requirements and Saesgecifications

Doc. Identifier: CASPAR-D4101-SCEN-0101-1_0

CASp, 40

K¢

Preservation Description
Information

Provenance:There is information that is not recorded aboat th
integration: how it was done, especially whethéiter was used tg
detect anomalies such as hard targets; the iniegrsttategy; the
analysis strategy (e.g. ion composition model)vesion of
guisdap plus basic information about who performed itandhand
when.

As scientists can perform their own analyses ahdagithem to
the CCLRC archive, it is possible that there migdnimultiple
analyses of the same data.

The archive does not identify collaborative prognaes other than
as ‘SP’.

Fixity: Reliant on trust in people and correctness of aipey
system.

Reference:local file names

Context: If the analysis is done at CCLRC, then an 8-dayguoes
into one file identified under the start date ofy.contrast, if it is
done online, then it is split across day boundaries

Provenance:There is a need to record the processin
chain.

There is a need to record more information abaait th
integration process, and to provide a trail ofahgin
of analysed files.

Fixity: No specific issues.
Reference:

Context: Individual files may relate to others (e.g. spli

across days) and this information is at risk ohei
obscured.

Representation Information

The file naming convention has some flexibilityg.€o enable
handling of different versions, though there ismeaning in these
variations.

All files have filename extensiarsit. A separate file is needed tg
turn this data into meaningful quantities (e.gceten temperature
in degrees Kelvin). This coding is done by CEDARiIng a
documentation file available on the web. Howeverdbcument is
not helpful for processing so there is a simpley,wath a file
ncar.var. The text file is read through the API reading thefile,
and converts thecarto something useable. There are Matlab, II
and C APlIs.

The file naming convention embodies knowledge thg
might be lost.

The mapping from the contents of the results fibes
meaningful quantities is key. The CEDAR descriptiof
andncar.varfile should be subject to preservation.

The result file format requires supplementary
information for full preservation, such as uncertyi
estimates (if negative, meaning that the value talksn
}‘_rom a model).

1

Annotation (could be

None

Annotation should allow for: presence of hard otgec
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regarded as a special type
Rep. Info.)

(e.g. satellite); coherent echo; plasma line
contamination; equipment failure (currently in palog
book).

Data users should have ability to annotate data and
instrument performance. Also to indicate that thaye
published a paper relating to a particular data set

Many experiments are done in collaboration with
satellites or optical cameras it would be goodetmord
this somewhere.

Packaging

None

Descriptive Information

Finding Aids: The catalogue of raw data contains the start add
date of each record, the site, some informatiotherexperiment,
the size of the data file, location in Atlas tap@e.

en

Access

Straightforward through website. The data is stamea Unix file
system (rather than a database) and a perl senijsed for access.

There is no reliable way of matching the data & th
programme under which it was acquired. At predast
is a haphazard procedure relying on the knowledige
the experts.

In the long-term, it will probably be desirablesearch
at a higher level than simply by date, e.g. by tgpe
programme or pattern of antenna movement.

O

Access control, including
DRM

Access to the Kiruna archive is restricted by IBreds.

There is a distinction between data from ‘commagpmmes’
and ‘special programmes’ (only those associatescigating are
allowed to access this data). However there isiftmation
stored in the archive on what those programmedtasepossible
to reconcile the programmes with the planned sdeedu
information on which is available on the EISCAT wedmes.

Data more than one year old is publicly availablalt EISCAT

Presumably such IP based access restrictions will
change. Information available on the web should be
captured — may involve an associated database at th
remote web site.
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associates. A small fraction is released publicly.

Higher-level knowledge

Some numbers in the data (such as altitude) ataiceothers are
subject to uncertainties.

At some altitudes it is necessary to take paramdétem models.
The transition could be controlled by the operator.

The scan pattern of the antenna could also belbigh-
knowledge.

There is no high-level knowledge recorded about the
design/intention of the experiment. The Swedish Isits
information on what was requested to be run buetieno direct
link to what was actually run.

Undergraduate physics is assumed.

There is material on the EISCAT websites and CED/

The Open Radar Consortium has relevant material.

The standard text is Rishbethtroduction t

lonospheric PhysicsThis raises the issue of availabilit

(0]

of printed books, and the relationship to sizeraftpun
i.e. presumably it matters whether there are tens,

hundreds or thousands of copies availab

A knowledge of plasma theory and when it breaksrd(

are required to fully understand the data.

le.

y

bW

Virtualisation and
representation information

The ‘digital objects’ produced are typically colaontour plots or
‘fan plots’.

Storage and storage
virtualisation

Storage organised by date is limited in its abilitycapture the
experimental intent.

Preservation orchestration

Not implemented at present. Apart from basic baslam the
existence of multiple copies, there is little ast@urrently being
taken with a view to long-term preservation.

Authenticity

The usual reliance on trust in staffissystems.
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3.2.4 Preservation scenarios

3.2.4.1 Changes in hardware and software
Scenario 1: Unavailability of generic software tod

There is a dependency on MATLAB for the file forsaif raw and processed data. It is
possible that MATLAB licences might become too exgiee, or that for other reasons the
dependency on MATLAB has to be broken. This requae abstract description (EAST) of
the file formats.

Scenario 2: Unavailability of specialised software

Due to changes in operating systemg( alia), specialised software such @gisdapand the
velocity combination and conductivity programs ntighase to be available. The implications
would be that the link between the raw and proaksisg¢a would be broken, as it would not
be possible to perform processing with this sofew&ither the software should be preserved
in runnable form, or the algorithms should be repnted at high level to allow
reimplementation of the same functionality.

3.2.4.2 Changes in environment

Scenario 3: Dependence on external models

There is some dependence on external (and changidgls) that are not under the control of
the archive. The International Geophysical RefezeRield is used by the conductivity
program, reading its coefficients to use in proitessThis reference model is updated every
five years. It is therefore necessary to preseneentiodel so that in future it will be known
what version was used.

3.2.4.3 Changes in designated community
Scenario 5: Change in user community
Use proposed methodology from section 2.2.3.3

Scenario 6: Termination of organisation supportingarchive

If the organisation supporting the archive werecéase operation, or cease supporting the
archive, the files might well be stored somewharethe ability to understand them would
decay. For example, the significance of files naniae linkage between files and the
experimental programmes, and details of the praugssould all be at risk. The ideal is that
a future scientist would be able to reconstrucimfrthe preservation archive as much as
today’s users know.
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3.3 MESOSPHERE-STRATOSPHERE-TROPOSPHERE (MST) RADAR DATA
(CCLRC)

3.3.1 Introduction

The MST Radar at Capel Dewi (near Aberystwyth, W&/stles, and UK) is a 46.5 MHz
pulsed Doppler radar ideally suited for studieatnfiospheric winds, waves and turbulence. It
is run predominantly in the ST mode (approximag20 km altitude) for which MST radars
are unique in their ability to give continuous maasents of the three dimensional wind
vector at high resolution (typically 2—3 minutegime and 300 m in altitude).
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Doppler Beam Swinging (DBS) which involves makirfgservations in a cyclic sequence of
vertical and near-vertical beam pointing directionle 'targets', from which small fractions
of the pulsed radar signals are returned, are ulaeitjes of atmospheric refractive index,

which cause back-scattering (so-called ‘clearraitrns), and hydrometeors, which give rise
to Raleigh scattering. The scattered signal is Dagghifted according to the radial

component of the target's velocity, i.e. that aldmgradar beams pointing direction. Profiling
is achieved by sampling the radar return signala asction of delay from the time of the

transmitted pulse; the transmitted pulse lengterd@nhes the range resolution.

Wind profiler radar returns are parameterised leyrthignal powers and spectral widths (i.e.
the variance of scattered velocities about the neaaddition to their Doppler shifts. This
information can be used, under certain circumstsroeprovide additional information about
the atmospheric static stability (thus allowing moring of the altitude and sharpness of the
tropopause), humidity fields and turbulence (deast moderate intensity).
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3.3.2 Preservation significance

Importance of MST dataset

Contains data from the UK’s most powerful and viliessavind-profiling instrument
Provides information about atmospheric stabilttypulence, humidity fields, and
precipitation

Contains measurements of winds up to many kiloreeftrem the ground (remote
sensing)

Contains a record of winds sampled continuousith @ cycle time of a few minutes
over a long period of time

Is a record not only of the horizontal but also thertical air velocity which
additionally has high temporal and spatial resokhuti
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3.3.3 Preservation issues

CASPAR element Current situation of testbed Preservation issues arising from general
considerations and
» changes in hardware, software and Designated
Community
loss of sources of Information (including loss of dst
archive)
Ingest Data file (IQ and spectral) regularly directly fratST Need for incorporation of weblogs, technical speatfon,

station every day and deposited In appropriatetirg.
Further processing is performed to produce radidl a
Cartesian products. Scripts written in Pythonused to
deposit the files in appropriate directory and upda
appropriate databases.

Plots of the Cartesian data are produced regubgripe
project scientist and ingested into the archive.

processing analysis and other technical provenance
information into the archive and related to data in
meaningful way. Some digitisation may be requimadrifo
only available in physical form.

Preservation Description Provenance single instrument source, with version

Information processing implicitly linked to file location. Degative
information: web log (XML) of instrument operatigns
performance.

Much technical information on the instrument ishard
copy only and at preservation risk.

Documentation on previous versions of signal preiogs
including comparative analysis of the differentsiens by
the project scientist and the Met Office.

Fixity reliant on Checksum which runs every 80 days

Provenance needs formalising and missing informatio
needs to be captured.

Ideally fixity would be assured from point of inges
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automatically if not manually performed. Back upies can
be retrieved from RSync disk back up and Atlas dtiee
Data at risk of corruption during first 80 daysairchive

Reference file naming convention.
Context: BADC staff and scientist knowledge

Finding Aids: Combination of Ingres database whiokds
data catalogue, Postgres which holds physicalimtsiof
data files. HTML and scripting.

Representation Information

Format of file can be identified through a combioatof file
extension, physical location of file (as IndicatydPostgres
database) and file name which indicates formattuisdx
description of the formats Is available on MST suppages

Raw data

IQ (In phase and quadrature) data - non standaedhbi
format files format (textual description of forn@tailable)

Spectral - Raw data which has undergone first stage
processing to spectral non standard binary filenfr
(textual description of format available)

Processed product
Version 2 processed data product

Radial data: Nasa Ames format (product specifitutx
description available)

Cartesian data: Nasa Ames format (product speeifittial
description available)

Version 1: processed data product
Radial data: Nasa Ames format (product specifitutx

description available)

Formal language descriptions of the data formadls an
creation of data dictionaries for the parametersldallow
independence from some of the access software.

Preservation of processing version (version 0):pdgram
only working version currently compiled to run orindlows
NT at high preservation risk as computer due teelieed
Nov 06 and code impenetrable to even current projec
scientist

Preservation of processing version 1 and 2 (cugrent
requiring Matlab): either capture processing steps
independently of Matlab or preserve Matlab (prdpre
product)

Preservation of processing version 3 (currentlyirgtg
Python) — either capture processing steps indepdlpde
Python or else preserve Python.
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Cartesian data: Nasa Ames format (product speeifittial
description available)

Version 0: processed data product

Time averaged radial data: non standard ASCII forma
(textual description available)

Unaveraged radial data: non standard ASCII forreatal
description available)

Time averaged wind data: non standard ASCII format
(textual description available)

Unaveraged wind data: non standard ASCII format i
description available)

Time averaged power data: non standard ASCII format
(textual description available)

Quick Look plots: graphic file png format generated from
cartesian products using GNU plot

Under development

With version 3 binary file of cartesian and ragiedduct
will be produced in the NetCDF format in tandemhnat
Nasa Ames ASCII versions.

Once Version 3 processing (Python producing NetCDF
radial and Cartesian Product) is released a regsoug of
the archived Spectral file will be undertaken. fdey to
produce a consistent series of Cartesian and natidlict.
As they will be of higher quality and more easilypported.

After a period of time the BADC would wish to digmoof
the old higher level product but would like to ntain the
ability to recreate it.

Annotation

None

The ability to annotate the data with scientifiedrhies on
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atmospheric behaviour and to make the annotations
searchable would be welcomed.

Packaging

Files stored in Atlas Petabyte Store Vidnal Tapes

Access

see finding aid under Ingest

Access and processing software currently requitedpy
INGRES and POSTGRES.

Development of ontologies an data dictionaries ftbenCF
standard names list is required.

Access control, including
DRM

Access is restricted bona fide academic research or
educational purposes and granted upon the appobtiad
project scientist after registration of interestcAss and
quality control of data is subject to restrictiomgosed by
NERC, BADC and the Met Office. See section 15
CCLRC_03 for further detail.

DRM/Access system which can deal with evolving asce
rights of data. Could something such as shibbdieth
investigated to give access to data and associated
copyrighted materials such as journals?

Higher-level knowledge

There is a great deal of associated informationeeitied in
standard texts, journals, websites and specialistrhation
of archive staff and supporting organisations.

See section 2, 9 and 15 of [CCLRC-03] for furthetad.

The Archive manager is in the process of gettingrM&ta
parameters added to the CF standard names list.

Loss of information on web sites would affect usafjthe
data.

Loss of expert staff would make use of data moffecdit.

Terminology has changed over time and this neetls to
captured and formalised.

Virtualisation and
representation information

Tabular data

Also some graphical digital objects produced by GMat
lab, Excel, Notepad and IDL programs. GNU plot etihod
is currently used to produce the archive. VerS8idfetCDF
files also require pycdf with unysis package as® aéquired
to access. The CDAT package of climate analysasis
commonly installed by end users access the netQifb
files.

Tabular description of the raw and processed datddv
allow at least basic access. Preserving the abdliaccess
both NSA Ames and NetCDF files.
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Storage and storage
virtualisation

Simple files, with automated backup systems torsepadape
data store

Preservation orchestration

None preservation is currently reliant on the stditihe
BADC

There are other MST communities in different coigstivith
whom the BADC may wish to engage with

Authenticity

Relies on trust in BADC staff
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3.3.4 Preservation scenarios

3.3.4.1 Changes in hardware and software

Scenario 1: Change of Operating system so that GNBIot (or other common plotting
application)is no longer able to access NetCDF fide

A change of operating may mean that GNU plot walllonger run with (pycdf and unysis)
or CDAT. The ability to preserve access to NetCiésffor common plotting applications
is a requirement.

Scenario 2: Change of operating system and loss ability to carry out version 0
processing on Spectral data.

A user requires the ability to create version @cpesed file to produce a consistent series of
cartesian data. However with the retirement of Wiedows NT computer (currently
happening) the archive will no longer be able todoice the required file. The ability to do
this should be preserved.

3.3.4.2 Changes in environment
Scenario 3: Changes in rights to data

As the funding and policies surround institutiorclsta NERC, The Met Office and the
BADC evolve so do the rights of different userseduently, users have access to and use
of different data sets and may also have entitlésném access copyrighted materials
provided by commercial publishers. A Single Sigm<dlution for the user would be ideal.

Scenario 4: Changes in copyright ownership and legjaestrictions on materials
supporting knowledge base.

A core requirement for the preservation of the kieolge extract from and usability of the
data set are copyrighted or otherwise restrictegmnads which include:

* Journal Articles
* Bibliographies
* Books (standard texts)

Copyright restriction and ability to deal copyrigbsues is major reason for much of the
material not being added to the archive.

The Archive would benefit from guidance as to whidmework they should be operating
under for the types of materials mentioned abowkiamplications for cross border supply
and International Property rights.

An alert service advising of key changes affecsngh types of materials may be of use.
As would automated alert to the clearance of cgpyron specified (by archive manager)
material such as key journal or texts so they lggtiskd and added to the archive or
released from a dark archive.

Scenario 5: Retirement of key personnel affectingiowledge base

The texts relating contain the mature well estaklisscientific theory. There is a very
significant preservation risk with material this tevéal as the majority of it is out of print
with no record of numbers/holders of copies or oiggional responsibility for
preservation. The number of texts one would wishkttwe within the archive is dependent
on the depth and breadth of knowledge one is sge&ipreserve so it is difficult to provide
and estimate of this.

Current end users have become dependent of sulimerpoduct such as web of science
http://scientific.thomson.com/products/was/ locate journal material. This constitutes a
significant risk preservation risk ability to prese such listings along with relevant subject
indexing is something that requires further invgedion.
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The result is a need to create a bibliography mmsatiation with key people Atmospheric
physics (see section 9 CCLRC_03)

There many theories within the community which hawé had sufficient research done to
reach the journal literature. The annotation esththeories to the appropriate data would
be welcomed as would identification of events
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3.3.4.3 Changes in designated community
Scenario 6: Change in user community
Use proposed methodology from section 2.2.3.3

As science evolves the reason why a scientist maj W use this type of observational
data will change. It is extremely difficult atterimg} to anticipate how a user community
will change. However connecting this data into éairgntology which evolves over time for
atmospheric science would assist the discoveryusedof this data. The development of a
data dictionary for parameters and an ontology kimcorporates the CF standard names
list.
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3.4 EUROPEAN SPACE AGENCY EARTH OBSERVATION DATA TESTBED

3.4.1 Introduction

3.4.1.1 Background

Science data in the Earth Observation (EO) fiebdgemerated by a great variety of passive
and active instruments embarked on board of spaftea@rbiting around the Earth. These
data are used for scientific investigations andofoerational and commercial applications.
The preservation of such data, of all the ancilldaya needed to process and/or convert
them into useful information as well as of the mssors and converters is vital for all
projects/applications that need multi-temporal ramivig of the parameters influencing the
investigations (e.g., progressive desertificatiomarious areas, deforestation of Amazonian
area, climate changes, coast erosion, urban exgpan&ntarctica ice coverage variation,
ozone hole, etc.).

ESA (European Space Agency) has acquired since d&#9from a number of Third Party
missions (US, Japan, France, etc.) and has laurieR&d1 (European Remote Sensing) in
1991 with 5 instruments, ERS-2 in 1995 with the sanstruments as ERS-1 plus GOME
(Global Ozone Monitoring Experiment) and Envisa®02 with 10 instruments. All the
data coming from these missions are archived &ictl facilities and accessible to the
various user communities.

GOME is an ultraviolet and visible light spectrosretounted on the ERS-2 platform in a
configuration nadir-viewing (i.e. looking down viedlly) at the Earth to derive a detailed
picture of the atmosphere's content of ozone, getno dioxide, water vapour,
oxygen/oxygen dimer and bromine oxide and otheetgases.

The ERS-2 orbit ensures a global Earth coveraggQE data every three days.

In the initial part of the mission data were acgdionly by a set of ESA stations (Kiruna in
Sweden, Maspalomas in the Gran Canaria islandn&atiin Canada and Fucino in Italy).
Today, following the failure of two redundant ondod recorders, data are transmitted in
real time and acquired by a network of ground stetispread over the world.

GOME data, interleaved with data from other ER$w&ruments, are recorded on board
along the full orbit and then transmitted to groundhe so-called ERS-2 Low Bit Rate
(LBR) downlink to ground stations.

Data de-commutation (removing the effects of therleaving) at ground stations produces
a data stream called EGOC (GOME extracted prodleg, falso called Level 0 Data or
Raw Data). The EGOC files are then transmittedeiarfieal time by the stations to the D-
PAF (the German Processing and Archiving Facilivy)further processing and generation
of higher level products as Level 1 (radiances flecéances) and Level 2 (trace gas
amounts) data.

Note that EGOC can also be produced from levelp@dastored in the LBR archives and
that at least one EGOC product file (covering litpib required to generate one Level 1
Data product.

In the near future, all EGOC files will be convertteom current format to SAFE format

(Standard Archive Format for Europe, developed hgy European Space Agency in the
framework of its Earth Observation ground segmetivities) and stored in a TBD ad hoc
archive.

Summarizing, the end-to-end dataflow encompasses:

* sensing of the atmosphere with the GOME instrunard the generation of a
corresponding GOME data stream inserted into the dBta format;

e the (temporary) on-board storage of data;
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< their transfer to globally distributed receivingatibns and next to various
processing and/or archiving stations;

« the processing from level 0 (raw data), via levetdl GOME level 2 data using
auxiliary data and other data, information and kieolge (e.g., campaign surveys
and documents) as needed,;

« the access to GOME data of different levels by eseks via catalogue systems
from corresponding archives.

This complex data flow has implications for presgion scenarios, and involves a large
number of separate but interrelated data sets.

The GOME Level 0-2 processing chain is summarizethé following table to highlight
the different types of data (satellite and anagilarequired for the derivation of useful
information:

o | ERS-2 state vector | | Pre-flight data s
=
B | Initialization data | preparation of auxiliary data
s :
8 reconstructed orbit data collection of L0 files
2 | LD data |—,7
o creation of an ORDER file
- :
° GPDO1
5 GDP01_EX extraction
- * archiving the resulting L1 files
generation of L1¢
*_1
o collectedL1data |
| configuration file I "
g GPD 4.0
? | FRESCO cloud data
$ l—L Clouds: OCRA/ROCINN
T
g | reference data |—/ DOAS fitting
N AMF computations
T | climatological data I—,i
3 VCD computations
-
| L2 data |

An example of a user product resulting from thevabprocess is the Total Column Ozone
here below showing the well known Antarctica ozbné phenomenon:
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Total Colwm Ozone 1—Da¥ Composite
ERS-2 GOME 1.0ct. 1006

100 200 300 400 DLR

With the above background in mind, it is clear ttie preservation requirement regards
both access and use of all satellite sensor datdata and ancillary data, knowledge and
documentation, ontologies, algorithms and theirlgi@n and validation history, various
versions of the application software, etc., inahgdaccess to other data sources (e.g. ground
measurements used for calibration), models andewvbatelse used to support scientific
research based on satellite data.

In order to assure a long-term data preservatf@ndata ingestion should be performed so
as each object will be linked to all the object®dedr to rebuild its complete history.
Insertion of new information into the system netalde easily correlated with the pre-
existing context. In this way at the same time slistem should create the preservation
knowledge and perform the knowledge preservation.

3.4.2 Preservation significance

This science data preservation testbed will assées Earth Science community
requirements, develop the necessary specific ssnand prototype an Earth Observation
science data preservation environment. In partictifee science data preservation testbed
workpackage will carry out R&D activities specifio the testbed, will consider the
infrastructure, set up the testbed and implement it

The GOME dataset, because of its big total amofiiriformation distributed with a high
level of complexity, is a good case for prototypinghe CASPAR project.

Note that Earth scientists access not only the filata the satellite instrument to conduct
their research. Often, they need access to complanyedata from other instruments,
including satellite sensors, air sensors, and gfaensors as well as to various models,
algorithms, software and reports, publications atiter documents that have information
explaining how to produce useful research prodwscignce results and so on. As such, the
intended preservation infrastructure will deal watimixture of selected simple/complex/on-
demand objects based on GOME data, GOME data piydoetadata available from
catalogue databases (inventory and images), piogestsings, calibration campaigns (with
other instruments), datasets in other locationgelarolumes of documentation regarding
the instrument, the processing, algorithms, todswell as with information about
dedicated workshops, conferences and ESA-supp@pgdication projects, operational
services deployed, and some special examples.
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The key issue in these specific examples is thdadility and reconstruction of detailed
metadata associated with the very different typeshpects to be managed: the testbed
needs to ensure access to the above mentionechation, algorithms, tools etc..

The following table lists R&D activities that arerssidered relevant for the science data
preservation testbed:

The preservation life-cycle of scientific data: paieation of specific tools which
will allow visualisation and navigation of the colep metadata associated with
science data complex objects.

Implementation of the OAIS Reference Model for Sceedata preservation.
Compatibility with OGC efforts for geospatial datenagement.

Evolution of the proposed SAFE (Standard Archivenfat for Europe) archive
format standards for Earth observation missions include preservation
requirements.

Digital library integration.

Metadata, Ontologies and semantics of science rrdtion objects: analysis of
aggregation of satellite images and on-demand pseckimages from the Grid
with corresponding text descriptions from news &wodh internal text archives as
well as with other data available for the samequeand same geographic area.

The use of the Grid and on-demand (re)generatiomfofmation objects; some

information objects are not stored as such bugarerated on the fly. Preservation
of such on-demand objects, that is, of the conditiaander which they were

generated and how to regenerate them is a spexséarch topic.

Distributed partial copies of Earth science infotioa objects; there are different
problems related to availability of the ‘same’ data different locations, e.g.,
authentication, authenticity and provenance. ThHerdnowever also a problem
related to partial copies. For example when staetlata are transferred from the
satellite to the ground-station, it may happen thatreception is interrupted and
received partially by different ground-stations.sBarch is needed to understand
how to deal with these cases.

Use cases
Typical use cases are (non-exhaustive list):

access to/retrieval of level 0 satellite data (oagand current format, etc.);
access to/retrieval of various ancillary data @srkgalibration, etc.);

access to metadata (catalogue, browse, etc.);

access to documentation and knowledge;

access to methods and processors (source codatienpktc.);

access to (e.g. via regeneration based on lowet educts) higher level(s) of
user products;

access to and capability to rebuild and run a cetagbrocessing chain that allows
for reprocessing of archived data to compare vétent capabilities and results;

locate and extend the preservation data set wita @dormation (which were not
archived in the first place) considered relevanifmproved preservation;

access to higher level products;
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3.4.2.1 ESA test-bed
The testbed proposed by ESA covers:

a) The definition, access, collection and/or identifion of the location of a
significant sample of the data set, documents, kedge, algorithms/processors
and methods representative of the GOME preservatienario.

A possible choice of the preservation items is sanmad in the following table:

Preservation of Data

« Level 0 data (EGOC format)

« Level 0 data (SAFE format)

- ERS-2 State Vector — restituit orbit data

= Pre-ﬂight data e.g. on ground calibration parameters

« |nitialization data configuration parameters for GDPO1
« Configuration file

« FRESCO cloud product

» Reference data (absorption cross sections)

- Climatological data

Preservation of Processor

- GDPO1 (GOME Level 0 — 1 data processor)
» DMS (Data Management System)

— preparation of auxiliary data

— collection of corresponding GOME dowmnlinks (Level O data)

— creation of an ORDER file
— starting the GOME processor
— archiving the resulting Level 1 products

+ GDP 4.0 (actual L1—2 data processor)

Preservation of Documents

+ Product Specification Document of the GOME
Data Processor

+ GOME Data Processor Extraction Software
User Manual

+ GOME Data Product Improvement Validation

+ GOME User Manual

Preservation of Methods

+ ERS-2 state vector — generation of restituit orbit data

+ GDPO1_EX extraction — generation of Level 1¢ (e.g.
calibrated and geolocated radiances)

+ EGOC—SAFE format converter

L0 — 1 data processing
L1 — 2 data processing
L0 — 2 data processing

b) The integration in a GRID environment at ESRIN loé fevel 0 to level 1 DLR
software in order to exercise and demonstrate teelese cases such as:

» preserve/access the various data holdings andiicydar a set of Level O

data (simple objects);

e access Level 1 products (on demand objects), vetgehe Level O data in
SAFE format and process them using a selectedvaathiersion of the

DLR processing software;

e comparison of historical archived results with eatrcapabilities.

Other proposals could be:

» to preserve “all needed” to perform format convangje.g. from the EGOC format
to the SAFE format) when and if needed (and stoodgwoducts in a TBD ad hoc

! In the operational settings this software is ragrat DLR (Deutsches Zentrum fiir Luft-

und Raumfart) in Germany.
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archive);

« the development of the SAFE format even for the GkVel 1 data.

3.4.3 Preservation issues

ESA, the ERS-2 satellite owner, is the dataset ywed via contracts with technical
facilities managed by a group located in ESRIN,ESA establishment in Italy.

At present processing chain, auxiliary data, prsiogsalgorithms, product inspection and
quality control are provided by the facility conttar (e.g. DLR).

The GOME data set is unique; it provides more thiagears global coverage.

GOME is complementary/precursor to EXOSAT GOMOS atd equivalent US
instruments (TOMS).

The scientific community and principal investig&dPl) on a routine basis receive GOME
data (e.g. KNMI and DLR) for their research progect

Current preservation plans are based on the ER§ammne declaration and ERS data
policy which requires preservation of the data &period longer then 10 years after
acquisition. It must be pointed out that the currepproach of satellite data owners
(NASA, ESA, etc.) is to foresee an endless presienvaf selected and/or strategic data
sets; in other words nobody seems to be willingptwge data when preservation is
technically feasible and economically affordable.

In early 2004 ESA has setup a project called HARNstorical Archives Rationalization
and Management), which aimed mainly at convertisghistorical datasets into a new
modern format, based on the latest technologiesstardlards and able to ensure the long
term preservation of its holdings.

SAFE (Standard Archive Format for Europe) has liesigned to act as a standard format
for archiving and conveying data within ESA Earths®rvation archiving facilities and
potentially with the cooperating agencies. SAFEmals to cope with the major constraints
required for the packaging and the long-term pregem of Earth Observation data. A
special attention has been paid to fit the Openhi&ec Information System (OAIS)
reference model and related standard of the CC8bi$as the emerging XFDU packaging
format
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CASPAR element

Current situation of testbed

Presemtion issues arising from genera
considerations and
e changes in hardware, software and

Designated Community

* loss of sources of Information (including loss
of host archive)

Ingest GOME Level 0 data as archived EGOC files or to kigaeted| Reformatting of data will have as a consequence the
from the LBR format. re-transcription of all data. This may imply also
Ancillary, auxiliary data and metadata in variousniats and change of technology and/or location of archive,
locations. including file names and directory structures.
EGOC files will be converted from current format SAFE | Also documentation will have to be updated
format. accordingly.

Preservation Description Provenance:source implicitly inserted in data files. Provenance There is a substantial variety of sour¢es

Information hflue to the huge number of information types to| be

Fixity: relies on stability and correctness of syste
Monitoring degradation or alteration.

Reference:file naming convention.
Context: metadata collect all info about the dataset.

Finding Aids: placed in the database used by catalogue
inventory.

preserved. Provenance should be formali
including source of data and method of transfer.
processed data at all levels the processing siagbs
algorithms versions should be detailed :
Emaserved with the associated workflow.

A SAFE product gathers product basic informat

a fully Representation Information); SAFE metad
tags collect the historical information dedicated

contain information about the quality of an E
dataset.

sed
Fo
5 a
and

on

(the EO data is completed by Fixity Information gnd

ata
t

the maintenance/traceability of the product and

o
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Representation Information

Information is provided with the documentation &steld in
http://earth.esa.int/services/esa_doc/doc_gom.html# and
http://earth.esa.int/SAEE

All data set are characterised by their format dpon and
annotations.

There is room for standardising representat
SAFE format is a step in this direction. Effort ghb
be made also to cover metadata and ancillary dat

on.

oL

Many of the files are described using a proprietary

system from GAEL. This data description technig

ue

needs to be adequately documented to remove

dependence on proprietary software.

SAFE is a derivative of the XFDU work which is
the process of being standardised.

as a special type of Rep. Info.)

Annotation (could be regardedNone

Packaging Many files in simple directory structures.
SAFE is a packaging technique.
Access Metadata are accessible via WEB based finding aids. Data access is ruled by the ESA ERS Data policy

Level O data and ancillary data are accessibleR& BPproject
internal use via computer transfer protocols andestricted
number of external users on DLT or CD.

Level 1 data are available via ftp, on CD and DLTEdma
(covering the time period from August 1995 untidag).

Level 2 data products are available via ftp seiwad also on
CD-R containing one month of data.

In addition, Level 2 data products are availablettmn Level 1
CD-R, along with the Level 1 data products (if athe
processed) and associated software and documentatio

Documentation is available through ESA and DLR glort

Also implementation and procedures are subjeg
ERS project resources.

Access control, including DRM

In principle there is no restriction access to pikeserved
information. In practice, since raw data handlingguires
project specific tools and information/skill as Wa$ expensive

equipment, level 0 data are only accessible by cipii@

Data policy is subject to changes by decision oAE
member states.

S
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Investigators and ESA internal users. No accedsiat@sn on
fast delivery products, level 1, level-2 or higherel products.

Higher-level knowledge

Information is provided with the documentation &steld in
http://earth.esa.int/services/esa_doc/doc_gom.html# and
http://earth.esa.int/SAFE

No specific support is provided during data usagsdientists.

Only issues of data quality, instrument status atgbrithm
updates are covered.

Documentation is in evolution and updating
needed.

as

Virtualisation and

representation information

As an example we provide a level 2 GOME Sateltisgtrument
data itself:

Total Columh Ozone
ERS-2 GOME
Level 3 /version 1.0

Global
1.Day Interpolated

15 May 1899
Preliminary
GDPLevel 2 - Version 2.4

o=

Pk
B

o

D
[

S
24

r &
e e B ]
#

This is a mosaic composed by the data retrieved b4eorbits
per day with interpolation of data values to filetgap betwee
two quasi-adjacent geographical areas covered éysdtellite
ground track. On that date the white zone over Asiicates
absence of useful data.

43

T ' 450 Dobson

=

Products are in evolution both in terms of quadihg
of type.

Storage and

virtualisation

storag

e Storage of satellite raw data is performed at dedit centres i
form of digital tapes in a robotized environmentth€y
data/metadata are stored as simple files.

Some rationalisation could be performed at the @hithe ERS

mission to concentrate all data set in a dedicsitagle facility.

Need to support mass migration between large S
systems such as the robotic environment mentio
This could involve capturing internal deta
(catalogues, metadata) of the robotic system.

cale
ned.
Is

Preservation policies of such large scale syst
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A GRID environment and/or the use of a digital dityr (as seer
in the FEDORA or DILIGENT ESA projects) may be used

should also be captured.

Preservation implications of import into FEDORA
DILIGENT should be considered.

or

Preservation orchestration

Due to redundant storage in different locationsoitih in
different form and support) there is no risk ofadkss.

Change could be introduced as result
recommendations from CASPAR project.

of

Authenticity

It is based on the reliability of the preservatienvironment
(specialised centres) and in the rigorous proceddreing re-
transcription in case of change in technology ocludinges in
formats.

Current systems are fully documented and put u
configuration control. Any future change
hardware, software, algorithms and procedure sh
undergo strict procedures of configurati
control/documentation. Effect of changes will
monitored by comparison of reference datasets
products before and after changes.

nder
n
puld
on
be
5 or
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3.4.4 Preservation scenarios

In the context of the ESA test-bed the scenariosaged includes the conversion of GOME
EGOC files to SAFE format and the reprocessingashes data up to level 1. This will
imply the re-transcription of the raw data startiragn either the EGOC files stored in DLR
archive in Germany or from the LBR data streambigec! in DLT in Matera (ltaly).

The activities to be performed are:

« Software development for the reformatting of theNEDraw data in SAFE format
and full dataset re-transcription;

* Installation of DLR processing software in a GRIDvieonment at ESRIN
establishment in Frascati;

» Processing of a selected portion of GOME data fieral O to level 1;

« Definition and implementation of a strategy for theeservation of data and to
comply with the objectives defined in the CASPAR&xt.

The choice of the GRID environment as basis fomtiddleware seems to be good because
of its independence from operating systems andaitalogue functionalities. Moreover, a
digital library should have the optimal characti#csto perform the content management:
the EU project DILIGENT should have some featuhes tould be useful for the CASPAR
project purposes and they will be carefully exardine

The activities to be performed also envisage meastar select the status of storage media,
to achieve hardware modernisation and implemeitivaoé adaptations; the compilation of
adequate project documentation and the adaptafieiser catalogues and documentation
for easy data access will also be pursued.

3.4.4.1 Changes in hardware and software
Change of
e hardware
e operating system
e compilers/libraries/drivers
affecting ability to run
« the Data Management System
* the GOME Data Processors
» the format/auxiliary data converters.
Need to preserve the ability to generate on derandl 1 or 2 data starting from Level O
data. Either software and the ability to run it s preserved or sufficient documentation
to allow for the development of a clone system.
3.4.4.2 Changes in environment
Change of software copyright affecting ability &md SAFE data.
Need to preserve the ability to access and use Sddt& Sufficient documentation to
allow for the development of such a software maspteserved.
3.4.4.3 Changes in designated community
Change in user community
Use proposed methodology from section 2.2.3.3
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4 THE ARTS DOMAIN
4.1 THE IRCAM TESTBED

4.1.1 Introduction

Performing arts including electronics concern @i & the field of performance requiring
electronic device of any kind, either analogue wital, used for signal processing or
symbolic calculation. Performing arts include ofuse music, but also dance, theatre,
video, interactive installations, etc. They mayuieg human performers or not. Here are a
few examples (not exhaustive):

Configuration Example of work

Tape diffusion Gesang der Jiunglingby Karlheinz Stockhausen, opus
8, for electronic and concrete sounds (1955-1956)

Solo instrument and livAnthemes |l by Pierre Boulez, for violin and live

electronics electronics (1997)

Soloists, ensemble and li Répons by Pierre Boulez, for six soloists, chamber

electronics ensemble and live electronics (1981-1984)

Dance Performance L'écarlate dance performance designed by Myr
Gourfink, choreographer, music by Kasper Toeplitz
(2001)

Theatre with Electronics La traversée de la nuitby Genevieve de Gaulle-

Anthonioz, stage production using realtime neural
networks and multi-agent systems  (Christine
Zeppenfeld, Alain Bonardi, 2003).

Musical and video performanc8ensors Sonic Sights (S.S.Snusic/gestures/images
with Atau Tanaka, Laurent Dailleau and Cécile Blabio
(performed since 2004)

Installation Elle et la voix virtual reality installation by Catherine
Ikam and Louis-Francgois Fléri, music by Pierre @bar
(2000)

Performance materials and logic

Performances including electronics are basedanious materials. These materials belong

to three types :

1. Anpriori texts for instance, librettos, text fragments, scos¢éasge indications, etc. They
may be prescriptive (for instance: sing with fafigiamics) or descriptive (move from
the right to the left of the stage). They are thimary sources of the performers’ work.

2. Active modules either hardware (analogue devices) or softwaratc(es), they
provide control and signal processing functions.

3. Technical documentation schemes, instructions (for instance, for the auiiffusion),
drawings, etc.

The Ircam testbed will be concerned with mainlyosalstrument and live electronics, with

or without ensemble, but can also include DancdoRaance or Musical and video

performance. The Ircam archive consists of moren th&0 works produced since its

IST-2006-033572 PUBLIC 58/123

*69



Date:21-Dec-2006 D4101 User Requirements and Sae&arecifications
Project: CASPAR
Doc. Identifier: CASPAR-D4101-SCEN-0101-1_0

CASp,
e

&
b4
¢

creation in 1974. From these 450 works, more &8 than 70 works can be considered as
very significant, and are the object of new perfances, specific studies, or even for some
of these serves as references for young composers.

4.1.2 Preservation significance

Electronics for performance are designed accortiintyvo paradigms : signal processing
and control interfaces.

4.1.2.1.1 Signal processing

One of the key points of electronic music is thegleafluence of signal processing. In the
past, composers would use analogical device andecvrthem together, having the output
of one of them linked to the input of another oheday this is the same apart from the fact
that nearly all artists use graphical languagessignal processing that are based on the
same paradigm: boxes that provide signal transfiloms (in a broad meaning) are
connected together. Examples : Max/MSP/Jitter, Pait@ Isadora, etc.

4.1.2.1.2 Control interfaces

Control interfaces are based on one main elementices from the industry (microphones,
MIDI keyboards...), very frequently complementeddpgcific processing implementations
generally using the same processing engine as rajiede (including Max/MSP/Jitter,
PureData, Isadora, etc.). Sometimes specific cbulgwices are developed for specific
purposes. An annual event (New Interfaces for Mudixpression) is devoted to this
activity.

Concerning the representation of control — espgdididi Control - in graphical languages,
it is in a way inspired by such methods as Petrivagks and Graphcet (developed during
the 1960's). More recently the field of man to cangy interfaces has influenced further
development in all graphical languages (Max/MSiJitPure Data, etc.), including new
objects for interface purposes (multi-parameteplical interfaces, etc.)

Performance works including electronics are fragile
They are very sensitive to:
* the wearing out of storage support media
0 CD-ROM, USB keys, hard disks, DAT tapes, etc. feagile storage.
* the obsolescence of technical standard

0 Use of end-user configuration patches using pragyesoftware and/or
hardware technologies, and use of binary and eslpegiroprietary file
formats are prone to obsolescence. Formats like Rk multitrack tape
music are almost obsolete.

« the lack of care in the preservation of the eleaitgart:

o For many vyears, libraries would keep scores, bumpasers were
responsible for the preservation of their own etstoustic or live
electronics parts. See the example of Donemus/Ne#.often the case
that documentation about live electronics is insidht.

« the practical conditions of performance

0 Changing performing conditions may produce unexzkeatesults. For
instance performing with slightly different device in different places
always needs time to control as much as possibte aiten requires
modifications.

« when applicablethe empirical nature of making patches
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0 The complexity of patches sometimes makes them wastable. For
instance, in Max/MSP software, it is well known ttipaiority processing
depends on the position of objects.

Performance works including electronics look for satainability

The worse situation for all these artistic workghs impossibility of re-performance (for
various reasons) after the creation. Therefordjtitisns concerned and composers are
interested in sustainability. It paradoxically megmeserving authenticity and at the same
time enabling possibilities of evolution.
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The preservation of a level of authenticity

Each time a work is played again, performers faeeissue of authenticity, trying to set a
kind of loyalty, in reference to the materials dogbrevious reference performances (maybe
belonging to opposite interpretation traditiong)nbus or not.

Possibilities of evolution

Composers often want to modify their works, or perfers intend to adapt a work to other
configurations. Maintenance of software patches very difficult task, since they are not
structured as programs for instance; slight modgliftms of a patch a few months after
completing it may become quite laborious.
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4.1.3 Preservation issues

CASPAR element Current situation of testbed Preservation issues arising from general
considerations and
» changes in hardware and environment (software,
legal, social etc) and Designated Community
» loss of sources of Information (including loss of ¢st
archive)
Ingest Three stages : [PAIMAS] issues

1) elements from the production are gathered byéhnson
in charge of the production (the "musical assiSjaMore
information can be produced at this stage : diagram
showing details of installation, information regiagl
Intellectual Property, screen copies showing detil
installation, description of installation process..

2) whole information is packed as an archive (.aipd
uploaded on the server using an online tool
(http://mustica.ircam.fr)

3) editorial metadata (composer, name of the wgaksion
number...), are added to the database in ordeake m
possible queries.

- Packaging of all information related to a versidra work
in one stand alone archive

- Metadata should be packaged in the archive

Preservation Description UNKNOWN Provenance
Information Fixity
Reference
Context
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Representation Information

Formats determined lbyeftensions
Semantics is implicit

Proprietary formats are an issue.
Proprietary software, with time limited licencesaisissue.

Behaviour of digital content, plus required hardsvand
software, is an important aspect which needs tcapéured.

Annotation

None

Packaging

Details missing (e.qg. directory structure and eigec
contents) for ISO 9660 image which is archived

AIP needs to be defined

Description Information

Access

Access to archive and ability to download is endimgan
online web interface (http://mustica.ircam.fr).

Ability to locate the works by :
- Author

- Name of the work

- Version number

Ability to download the entire work as an archiveagart of
the work

Access control, including
DRM

Access control is based on a simple login/password
No DRM is implemented at present time.

Issue about longevity of usernames/passwords —{tragv
are they valid. What happens after the death of the
authorised person?

Higher-level knowledge

Today no high level knowledge is extracted from the
production process in a systematic way.

Issue about how to describe the intentions of tmeposer
regarding time processing, timbre result, spatdion,
independently of the actual implementation of tlugtal
process.

Virtualisation and
representation information

Potential virtualisation: audio streams, digitabgessing
algorithms

Issue: how far can the performance be regarded as a
“workflow”?
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Storage and storage
virtualisation

No specific storage is used at present time.

Preservation orchestration

None

Authenticity

- Examples of results (sound samples...) are stoithcthe
archive in order to know if the result gained ie th
performance is correct towards the intentions ef th
composer

- Evaluation of authenticity of reperfomance is tivial,
and should be based on critical studies mad byoaitits
(musicologists...) and should take into accountuian of
the user's perception with time, as well as théutim of
the production staff (including performers).

Issue about authenticity of performance: could ineo
comparison with

- Stored audio excerpts of previous performances
- Description of the intentions of the composer

- Continuous feedback on successive performancte of
same work

- Tools for helping to evaluate the authenticityaatk-
performance (comparison tool for example)
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4.1.4 Preservation scenarios

In the following scenarios, we make distinctionsween different elements of the digital part of a
work.

These parts are:
* The equipments : input devices (microphones..tpuwevices (synthesizers...)
* The hardware running the operating system (e.ga@mosh)
» The system software where the real time applicagoanning (e.g. Mac OSX)

* The real time processing engine where the patchunging (e.g. MAX/MSP, PureData,
EyesWeb...)

* The "patch" itself where the logic of the workmsglemented
The performers and the production staff in charjthe new performance are also to be taken into
account in these scenarios.
4.1.4.1 Changes in hardware and software
Scenario 1: Changes in the equipments — industrialevices produced by industry
These changes could affect input devices such @®pfiones or output devices such as synthesizers
The questions are :
- are the characteristics of the original devicdigently known?
- is it possible to find an equivalent device?
- can the CASPAR process help to identify suchvice®
If the result is negative, this scenario can bevakded to the second one below.

The CASPAR process can help solving these issug®ibgxample, investigating the development of
a model of description for such equipment, or adoptodel of description provided by the industry.
CASPAR could also develop a mechanism for adequatintifying devices according to the
required characteristics. A mechanism for helpingidentify changes in perceived results, and
preserving authenticity is also needed.

Scenario 2: Specific equipment no longer available

The change can affect mainly devices (control fatars) specifically developed for specific purpese
like MIDI flute.

The questions are :
- are the characteristic of the device sufficielitpwn?
- is it possible to develop an equivalent device?
- can the CASPAR process help to develop such ieelev

The same considerations apply as for Scenario teabo

Scenario 3: changes in the operating system softwgrchanges in the hardware, or changes in

the real-time processing engine (e.g. version upgta).

The changes can affect the hardware or the opgratstem where the real-time software (e.g.
MAX/MSP) is running. The same scenario is applieabith changes that can affect the real-time
software (e.g. MAX/MSP).

The questions are :
- does the changes affect the behaviour of théhpatc
- does the CASPAR process help identify which behavare affected by the changes?

- does the CASPAR process help identify if thedeal®urs affect the logic of the work (the
"patch" itself)?
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The CASPAR process can help solving these issuésviegtigating the development of a model for
the description for the logic of the work (the ggtca model of description for the real time prages
and develop a mechanism for identifying affectedaweours. A mechanism for helping to identify
changes in perceived results, and preserving atithigrs also needed.

Scenario 4: changes in the availability of the reaime processing engine.

The changes can affect the the real-time softwaige MAX/MSP) which is no longer available.

The questions are :

- does the CASPAR process help identify an equitaseftware where the patch can be
implemented?

- does the CASPAR process help identify how the imeplementation affects the logic of the
work?
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The same considerations apply as for Scenario 3.

4.1.4.2 Changes in environment
Scenario 5: changes in the behaviour of performers.
The changes can affect the interactions betweepetfermers and the "patch” (the logic of the work)
The questions are :

- does the CASPAR process help identify which b&havof the patch is affected by the
changes?

- does the CASPAR process help identify if thessngles affect the authenticity of the work?
The CASPAR process can help solving these issuesviegtigating the development of a model of
description for the interactions between the pemtor and the logic of the work (the patch), and

develop a mechanism for identifying affected bebars. A mechanism for helping to evalute the
authenticity of the reperformance is also needed.

Scenario 6: changes in the production staff (e.giréctives).
The changes can affect the perceived results gi¢lfermance.

The questions are :

- does the CASPAR process help identify which peezkresults of the work are affected by
the changes?

- does the CASPAR process help identify if thesenges affect the authenticity of the work?

The CASPAR process can help solving these issuedelgloping a model of description for the
perceived results of the work, and develop a mashafor helping to evaluate the authenticity of the
reperformance.

Scenario 7: changes in the legal environment (e gatents on digital process).

The changes can affect the rights to migrate, emda virtualize a digital object (due to reverse
engineering).

The questions are :

- does the CASPAR process help identify a similgital object which can be used instead of
the original one ?

The CASPAR process can help solving these issuelebsioping a classification of digital processes,
a kind of “organology” of audio processes.

4.1.4.3 Changes in designated community
Change in user community
Use proposed methodology from section 2.2.3.3
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4.2 THE INA TESTBED

4.2.1 Introduction

The INA GRM testbed concerns Acousmatic Music, Wwhian be defined as a musical work done
through technological manipulation of sounds andstedg as a fixed media. The preservation of

Acousmatic Music works is not the only issue, ihcerns preserving the production environment and
their associated elements as well the performanoéittons in which the work is proposed to an

audience.

Increasing access to the whole environment of mbgiorks is demanded by the public as well as by
specialists; through an evolution of practices imiolr music creation is today a feasible issue for
many people —even without specific training, widito understand the creation processes and the
evolution of ideas.

4.2.1.1 The Acousmatic Music production scenario

Acousmatic Musitis a musical domain that started existing at tigeaf forties initially in Europe but
then in many other countries and regions of theldvdt is a consequence of the increasing use of
technology in music, and finds its origins in tHec&ric instruments and devices invented during the
first half of the Twentieth century, as well ascimema and radio sound experimentation that these
two media developed in a continuous quest for remmmds and environments.

Its main concern is the creation of musical workmposed for a fixed media; in which recorded
sound is manipulated, modified and recombined d®ioto obtain musical structures using any kind of
existing sound however based in its beginningh@rhusical structures of the past. The result is a
recorded media, which contains the musical workhascomposer imagined it in all its details; it is
thus a media dependent musical work, which hasv@d through its evolution the technological
evolution of the compositional environment. Inatgyins, the used media was black records (Shellac)
then magnetic tapes in different standards and dsand in the last fifteen years digital media
(DAT, CD, DVD, SDLT). Its main characteristic isathit is a self-describing artistic work, the media
contains the work of art with all its necessaryapaeters and information, it only needs to be aetkss
through an intermediating system called a playspgirecorder, CD player, etc.) that transforms the
coded information into audible musical sensatiofise problems related to the preservation of
Acousmatic works is strongly related to Audiovisyadeservation, but with particular aspects
concerning sound quality and the way in which thesim is presented to the listener during the
concerts.

From a perception point of view, the main charastierconcerning Acousmatic music is the fact that
the listener has no or little knowledge about hdwe sounds were produced and what do they
eventually represent. The perception of Acousmidtisic relies in the previous listening experience
of the listener and the capacity all individualyd®f reconstructing the origin of whatever sousd i
heard, even if it is an unknown source. Thus, nistg Acousmatic Music becomes a double
experience of image reconstruction of possible ggirand production situations as well as the
musical organisation of those perceived structud@y. sound can be used in this domain, which is
open to many experimentations and different kinggeformance situations: pure Acousmatic Music
for Concert, accompanied by performing instrument) associated images, etc.

% The term « Acousmatic » means: what can be ligterithout seeing the causes. The term seams to
have been invented by Pythagoras, who used to legimner students behind a curtain during the
first two years of their apprenticeship so they ldazoncentrate on the conveyed information and not
on the mimics of the teacher. The term was reintred in 1955 by Pierre Schaeffer to describe the
particular musical situation in which musical sosirabuld be heard without perceiving any visual
cause. The term is explicated clearly by Franca@gl®in: Bayle, Francoidylusique acousmatique,
propositions... positionf’ditions Buchet Chastel, Paris, Paris, 1993

1 2 24
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The origins of Acousmatic music are to be founccimema and audiovisual production. Cinema,
Radio and finally Television, due to the compleaduction teams and technology that were needed in
order to create a work, have used since the begrmiwell defined scenario, that ensures a correct
collaboration among the different intervening teaand organises the process through time.

The general production scenario used by audiovisaralbe described through the following structure,
which describes the actions through time:

CASp, 4@

®
b4
¢

Script or Project

Audiovisual
¥ Production

Material Production Scheme
{Sound recording, Image shooting)

¥

Material Processing
{(Sound medification, Special effects)

Editing and Mixing

L 2

Final product

Audiovisual production has thus structured the véets in order to optimize the presence of
individuals and technology at the same momentdarae place. The scheme also responds to a logical
sequence, in which initially all the necessary makeis produced, and then selected items are
modified and finally all the elements are combinegether to produce the final work. There may be
one or more feedback loops in which new materidl r@@w processing is heeded in order to complete
missing elements.

The Production Scheme applied to Acousmatic Musidn each audiovisual production chain, the
importance of each action will be different, dedagdn the technical complexity of the task and the
needed human interventions. Acousmatic productigimated in the Radio studios, which were the
only places where the necessary technology and +mwcould be found. Initially music was done
with two human components: the composer and thenteian who would manipulate the machines.
Progressively the composer became competent teadioally and at the end of the sixties he started
being the only operator in the process. With thevalr of digital technology, and the necessarylskil
needed by modern composers, the whole processecdore in home studios.

However, the great lines of the scheme have natggdy with a very strong stress put in the second
action of the scheme: Sound processing. The Ausliadi production model, when applied to
Acousmatic Music, can be presented under the fatigwctions:
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1. Material Production: Material can be produced either by sound recgrdiither through
sound synthesis. This action determines what veilthe essential sound environment of the
work. Generally a set of few coherent sequencesem@ded or generated that will serve as
master material for the rest of the work. Any sowanh be used to generate the work, it is
however an essential aspect in the composers prijeonsists not only in finding an object,
instrument or situation that will produce an instieg Sound, it implies that the person
producing the sound will to it in a specific wayngetimes following a script, with many
essays and errors. When Acousmatic sounds are mwidd performers, generally the
composer uses sounds produced by the instrumedatceate a strong coherence between the
two worlds. Usually composers may use two or thaéierent sets of sounds, of different
nature and with a different spectrum and morphol@lgg range of possible sounds is to large
to be mentioned, it may imply huge sounds from meata infinite micro sounds). Technically
this is a very delicate process in which sound twave recorded in the best technical
conditions so to ensure that the recorded elenwrigey only the needed material and not
unwanted parasites. Once this stage finished, rahierlistened thoroughly, organised in
sequences and described.

2. Sound ProcessingThis is a very important action during the pracasd, in comparison with
other media, one of the most extensive. Most ofrtlagerial of the work will be generated
during this process using different Sound Procegsdinols, which will apply different
transformation processes to sound. The main tremstoons can be catalogued in two
categories:

a. Modification of the Time organisation of the sounghenomena (delays,
multiplication, speed variation, reversing, micitag, shuffling, time-stretching,
etc.)

b. Modification of the spectral distribution or orgaaiion (analysis and re-synthesis,
filtering, transposition, hybridising, etc.)

The Sound Processing action generates large geantit material derived from the initial
material produced in the first phase of the procktsguarantees a “genetic” relation between
the original recordings and all the other soundznilly tenths of different sequences can be
obtained from an original recorded sound or seqeiehtuich more material than needed is
produced so to dispose of a very large array ofieseces among which the composer may
choose the elements for his music. The material dseing this stage to generate the material
can be extremely diverse and hybrid, ranging fradchamalogue material so to obtain time-
dated sounds, to the most modern software and ggimgemachines.

3. Editing and Mixing: The final assembly phase of the work, in whicheééments are put
together following the composer’s project. All theeviously produced material is listened
thoroughly and annotated so to obtain a documetésdription of it. The composer starts
assembling the material in a specific environmeied a Sound Sequencer (many exist on
the market), which permits the user to edit thendsu(select some specific regions within
sequences), modify the level of sounds so to enaupoper setting among them, and
superpose them so to build complex sounds or treg®ntinuity. It is a slow and handcraft
like process in which little by little the piece$ @ very complex puzzle are put together.
Composers may work on an already defined projesicdpt, which they follow in detail, or
either work reacting with what they listen and atijug the project in function of the sounds
and the relations that may surge among them. Ilimigortant to remark that, dislike
instrumental music in which the sound material {ttstruments) is constant and can be dealt
abstractly and thus premeditated; when dealing witmpletely new sounds, abstraction is
more complex and unexpected relations surge ammungds when associating them to convey
a musical idea.

4. Feedback loopsThe actions may be reintroduced during any of tages:
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a. If during the Sound processing stage the initiatemal is considered as not being
efficient enough the recording process or soun@iggion process may start again

b. It may happen during the Editing and Mixing stagattnot enough material is
available, new processing may be needed and eVgntesv recordings or processing

c. Sound processing may be added during the Mixingestavithout generating new
material but through local processing on alreadymied sounds to enhance some
aspect of it

d. Finally, all the stages may be condensed when gasan wants to do the recording,
the processing and the mixing at the same timeingopequently between one or
other action

Conclusion The described actions, integrate the observeiddbgrocess for composing Acousmatic
Music. The main reason underlying the fact thay thee a succession of actions is that each of them
implies a specific behaviour and concentration. fherRecording action, stress will be put on the
quality of the generated sound and the efficienicyhe object or instrument manipulation that will
produce the Sound sequences. DuringRtaessingaction, stress will be put in the parameters that
will define the madification of Sounds; differentquiences will be generated with different sound
processing techniques. Finally during thkxing action, the main objective is the global result.
During the previous stages the composer dealspuitential musical sounds, during this final process
the sounds become a part of the music and have ¢arefully calibrated.

Concert presentation scenariosDifferent use scenarios are possible once the nmagitposed; it
will ultimately depend on the initial project (cart, multimedia, installation). Generally Acousmati
Music is composed for the concert, which meanslitbg presented in a large space with an audience
and a loudspeaker environment. The previously destticomposition scenario has not changed much
through time; the actions are regularly confirmedtie procedures composers apply during their
composition process (procedures regularly checkittd a@mposers working in the studios of GRM).
What has mainly changed through time is technoltgy,media on which the works are recorded and
the concert situation in which the work is presdritea public.

The final media used in Acousmatic Music has fobowthe evolution of domestic listening formats
for recorded music, with some deviations in thé e years:

1. Monophonic recordings, were the only possible way of listgrumtil the middle of the fifties

2. Stereophonicrecordings exist since the fifties and are stifigely used, they will probably
continue for a long time since they mimic our hurbaaural listening system

3. Multiphonic recordings, starting in the sixties but only becanwidely used in the nineties,
when an 8 track standard became very popular aswdar proposition for listening music. A
domestic version of this surrounding situation vmeught in by the Home cinema 5.1
systems (derived from cinema uses), which, witeduced amount of loudspeakers, suggest a
convincing surrounding listening. Many composeils wbrk with the 8 tracks standard, very
practical for organising the movements of soundgace (8 track listening is not a domestic
array).

The recorded media has then to be adapted to eewrosituation, which may range from a small
concert hall with less than a hundred people toersdvhundreds or a thousand. Loud-speaker
orchestras have been developed since the sixtiegtsnes receiving the name of “Acousmoniums”,
these are complex loud-speaker installations, domestranging up to one hundred loud-speakers
distributed all around the hall, which permit a gdete control of the behaviour of the sound in the
concert hall. Most of these systems are hand-ched,cand specific dispositions are done in functio
of the hall and the music characteristics.
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4.2.2 Preservation issues

It may seem that the essential issue for an Acotismark is to be preserved as such; in the same
way a traditional instrumental score seems to cptive necessary information for music performance
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(which it does not, it conveys partial informatidhne missing information is reconstructed through u
tradition). However, the situation is much more ptew due to the characteristics of the production
environment, which interfere with the nature of teeult and the number of possible elements to be
preserved.

As within Audiovisual production, an important amduof information is generated during the
production process; in past times most of it wasatided due to the difficulty in keeping incoherent
documents related to each step of the process a@ndwvidently necessary for the existence of the
work. In the past also, due to the difficulty impl@ying or remixing sequences, the results werenodt
“lucky shot” obtained after hours of essays wittidior no possibilities of further remixing or roaj
future modifications.

Today with the digitization of all the compositidqaocess, new uses and necessities appear that wer
unthinkable years ago and which are often imposetih® evolution of uses and technology. Musical
works as a “closed” item is more a consequencéd@fproduction constraints that of the desires of
composers. More and more emphasis is being piieitast years in the performance of Acousmatic
Music in a concert situation; performance determithe way a music is presented to the listener: how
the space is organised and what loudspeaker coafign is used.

These considerations permit to identify differaaudls of preservation needs:

1. Preserving the musical integrity of the work This is the main issue; preserving the
information that determines what a work is. In thast, each work was associated to a
physical media (tape, DAT, CD, etc.), which seentedive certain integrity to the work and
the way preservation concentrated in preservinghject. Today it is clearly considered that
an Acousmatic work is content, with the same pregem issues as any other digital content
that needs to be migrated regularly, to be cheokéd digital coherence and integrity.

However, the main question remairtdow do | know that what | am listening to is the
expected resultThis is why it is necessary to keep during thedpabion process the elements
that lead to the final work, as well as a compladéscription of the processes applied to
sounds. This may permit a comparison and eventualhgconstruction of lacking or lost
information. At the end of the work, the author gldomake a spectral analysis of the work;
this will permit in the future to compare the sigaa it is heard and the signal as it appears in
a sonogram as well as providing a visual descrpbicthe sound components.

It is important to remark a main difference betwaanmcousmatic work and other recordings,
including traditional music: since the sound enviment is different in each work, the lack of
information (as it has happened in the past wifie teecorded material that progressively
looses the high frequencies) can have a strondénci in the comprehension of the music.
When high or low frequencies are lost in speecimstrumental music, this does not have a
strong incidence in the comprehension of the in&diom, due to the existence of a codified
language and codified sounds known by the listener.

2. Preserving the final mix of the work and the intermediate steps The final work will be
digital and will be transferred to a media for certqperformance or publishing. The Sound
Sequencer Environment, in which the work was asksinibemains the main source for any
modification or evolution of a work. It is the widl representation of an assembly of tens to
hundreds of sounds containing all the necessagjlsleff how the elements were assembled.
All the actions done by the composer on the sowediaible in this kind of procedural score.

It is becoming increasingly important to maintairstenvironment because of the evolution of
uses:

a. Versioning: More and more composers are asked to do differersions of a work,
not only in length, but also in terms of frequerdigtribution for reverberation (a
radio version is different than the concert versmna CD version, or an on-line
version). Ina more general approach: works are fieodwith time. The composer
himself mainly does the versioning.
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b. Analysis: Music exists by the way consumers appropriatentiedves of the musical
work and explore or analyse it. Traditional sconese easy to access; contemporary
Acousmatic Music is extremely difficult to study ihetail, simply for consumer
curiosity, or for musicological issues. The Soumdj&ncer Environment is a unique
access to composer’s ideas and acts.

c. Following the composer’s actions It is possible in most Sequencers to have an
“undo” function and an “undo list” which permits sxcess all the different actions
done by the author since the beginning of the wbhle difficulty is to have a register
with the main actions and not the details; this tqermit to follow the evolution of
his actions and decisions

The main difficulty concerning the preservationMikes done on Sound Sequencers is the
permanent evolution and changes on these platfofithere is a specifically conceived
interchange format developed by Avid, a technolggyvider, called "Open Media
Framework" (OMF) Interchange, now a standard forfoathe interchange of digital media
data among different platforms, the OMF format @scdates all the information required to
transport a variety of digital media such as audideo, graphics, and still images, as well as
the rules for combining and presenting the medm fbrmat includes rules for identifying the
original sources of the digital media data, andtdh encapsulate both compressed and
uncompressed digital media data. The OMF formdaiisfrom being universal, but many
Sequence developers accept to import and exptrisifiormat.

3. Preserving the performance information Acousmatic works exist through their
performance in a concert situation. This event galyeprecedes any other use of the work, as
radio programming, Internet publishing, CD editioe$c. The specific environment of the
concert is a unique and extremely difficult to mme situation, and one of the most
significant in the comprehension of how the compgseposes his music to listening.
Diagrams, photos or any description item are vesful to understand the performance of the
work; these elements are practically the only jcattvay to record the experience since no
system exists capable of describing the actuaiiligion of Sound in Space.

4. Preserving the information generated during the cration process This mainly implies all
the existing documentation that a composer haseate in order to organize his production
material. Several description methodologies exastgidifferent description formats of sound;
these are:

a. Taxonomical description (describing the perceivessible cause of a sound)

b. Morphological description (describing the spectiaracteristics of the sound and its
behaviour through time)

c. Subjective description (describing the impressi@gound produces in the listener)
Technical description (describing the technologg tre processes)

No specific description environment exists todagt ttvould permit to integrate the
annotations often done by hand. This has a relatiinthe way sound files are used
in Sequencer environments, where they are not eot@pd so it is practically

impossible to attach written information.

5. Preserving related material The Acousmatic Musical work, its production Mits related
material, and its performance information are catgal by related material of different
origins and formats:

a. Information about the author and the work (bios pradjram notes); mainly text

b. Related information needed for the performance;orés; specific diagrams,
performance instructions, etc.) these can be texhages

c. Photography; images of the composer, the situatiloa, production or any other
photographic information
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d. Philosophical writings on the intentions, feelimgsother general considerations about
the author, his esthetical ideas, and the must.its

e. External material; the work may generate otherimg# (newspaper clips, programs,
critics, articles, films, concert recordings) whiafe complementary information to be
preserved with the work.

In certain cases, when the technological environnignn real-time using complex control
systems, the preservation issues will be very amd those applied by Ircam in preserving their
works and should thus be followed.

Conclusion The main issue for preserving Acousmatic workvasy close to the preservation of
works of art. The production scheme generates aoritant amount of non-coherent material that can
be of great use to guarantee the work’s integfiityere is an increasing demand for complementary
information regarding Acousmatic works as well asead to access to the constitutive elements for
further comprehension and description. Ideally,eoaavork is finished, a complete description of all
the consecutive actions done by the author in aaebtain the result should be enough to preserve
the work that could then be reconstructed in amy eavironment. This is very far from being
possible today; this is why so many different infiation needs to be preserved.

The list of needed elements in order to assure sicaluintegrity of an Acousmatic musical work is
then the following:
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» Preserving the musical integrity of the work

* Preserving the final mix of the work and the internediate steps

* Preserving the performance information

» Preserving the information generated during the cration process
* Preserving related material
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CASPAR element

Current situation of testbed

Preservation issues arising from general
considerations and

e changes in hardware and environment (software,
legal, social etc) and Designhated Community

* loss of sources of Information (including loss of st
archive)

Ingest

Three stages:

Production-related information is gathered by tbmposer,
mainly sound descriptions and working notes. Otalkated
information may have been produced: diagrams, scree
copies, patch descriptions, settings in processifitgvare.
The composer decides what should keep, storage of
performance scores is compulsory

The Production Manager makes backup copies of thad®
files and Sequencer-files (Mixes), to be kept ey ahthor
and in GRM.

The work is entered in the Acousmaline Server aitlthe
necessary identification information concerning dla¢hor,
the work and the media

Preservation Description
Information

Provenance:
Fixity
Reference
Context

All items need to be addressed

Representation Information

The format of the preserved items is determinethbyfile
extensions.

Important changes in software and Sound-file fosmady
happen, necessity for a strong OMF like format for
describing final Mix Sequences in a secured form.

CASPAR framework should allow users to define and
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update the representation information for theinddijects.

Consistency check may be required to ensure that ne
representation information is compatible and interable
with existing representation information.

Annotation

Packaging

The relationship amongst components is a very itapor
issue when accessing a work. Textual descriptiosaver
attached to Sound-files and should be linked styong

AIP needs to be defined

Description Information

Description of packaging needed

Access

Access to archive and ability to download is endimgan
online web interface (http://acousmaline.ina.fr)

Ability to locate the information concerning a wdik:
- Author, Name of the work, Version number, Photos
- Written information (articles, critics, progrartes)

Ability to download the entire work or parts of therk as
well as related information (CV, notes, photos)

All related data should be easily retrievable.

Access control, including
DRM

Access control is based on a simple login/password
No DRM is implemented at present time.

Issue about longevity of usernames/passwords —{dvagv
are they valid. What happens after the death of the
authorised person?

DRM should be implemented when there are rights
associated to any document

Higher-level knowledge

Unclear what higher level knowledge is expectedfisers,
other than the ability to render the digital conten

Issue: is there an assumed level of educationaltural
background assumed and if so, can it be captured?

Virtualisation and
representation information

Sound and video streams

Potential virtualisatidggital processing algorithms
Issue: possibly hierarchy of virtualised imagesnfrstill
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images to video.

Storage and storage
virtualisation

No specific storage is used at present time.

Preservation orchestration

None

Authenticity

- Examples of results (sound samples...) are stoitacthe
archive in order to know if the result gained ie th
performance is correct towards the intentions ef th
composer

the evolution of the production staff (includingrformers).

Issue about authenticity of works:
- Stored audio excerpts for comparison

- Description of the intentions of the composer
- Physical description of the signal (Sonograms)
- Tools for helping to evaluate the integrity dila

IST-2006-033572

PUBLIC 7517123



Date:21-Dec-2006 D4101 User Requirements and Sae&arecifications
Project: CASPAR
Doc. Identifier: CASPAR-D4101-SCEN-0101-1_0

CASp,
e

&Ko

4.2.3 Preservation scenarios

Concerning the Preservation of Acousmatic objdwsmain components are:
« Preserving the musical integrity of the work
* Preserving the final mix of the work and the internediate steps
* Preserving the performance information

« Preserving related material and the information geerated during the creation
process

4.2.3.1 Changes in hardware and software
Scenario 1: Preserving the musical integrity of thevork

It is the essential mission for a Preservationesydio keep the work as it is, in its integrity;
however different problems can be encountered:

The audio format in which the work is recorded:nfiats change or evolve, even if the
exchange between formats is operational, little@rimition is available on the possible
consequences of transcoding on sound quality.

Identifying and differentiating versions of the samork as well as the quality of the copy.

Ensuring that all the related information or equiminis described and always available
(scores, specific equipment for the performance)

Scenario 2:Preserving the final mix of the work and the internediate steps

On of the main challenges today, Sequencers evebrg quickly and updating is
impossible after two versions of the same softwhiris. necessary to dispose of a common
description format (OMF Interchange is a good cdai#) as well as the possibility to
stratify the steps followed by the composer.

There is also a difficulty in keeping hundreds itdd related to a reference mixing frame,
where the loss of links may make the mix unusable.

4.2.3.2 Changes in environment

Scenario 3: Preserving the performance information

It is essential to have a complete description aivithe work was performed, with

topographical information about the concert halthnical description of the equipment and
its distribution, as well as the space organizatbrihe sound-files. Equipment changes
very quickly, and even if the main functions remaiike, the interaction between the
performer and the system evolve with time.

Scenario 4: Preserving related material and the irdrmation generated during the
creation process

Large amounts of information are generated befark during the production process as
well as once the work is finished. It is importémkeep all that information which presents
itself in different but common formats (text, imagélms) and closely related to the works
so to be able to access the large array of retldedmentation.

4.2.3.3 Changes in designated community

Change in user community

Use proposed methodology from section 2.2.3.3
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4.3 THE UNIVERSITY OF LEEDS TESTBED

4.3.1 Introduction

The University of Leeds is focusing on the testhdth Interactive Multimedia Performing
Arts (IMPA). IMPA is getting popular for of realdie musical performances, especially
those using gesture control systems [1-9]. In tbstbed, we consider the preservation of
IMPA is not only dealing with the digital multimexdbutput of such a performance but also
the whole performing procedure and process in whiehoutput is created, such as the
mapping from gestures to multimedia contents, tleroof operations, so that the same
performance can be recreated at a later time. THesepved contents related to a
performance also need to be synchronized during rédoeeation process. Therefore,
preservation of IMPA is a challenging issue.

The test case used for this testbed is the presmmvaf Interactive Multimedia
Performances produced by MvM (Music via Motion)teys. The MvM system produces
music by capturing user motions. Its overall systgohitecture is described in Fig. 2. The
system captures user motions using motion capeviees. The data is then processed and
stored in a 3D format. The captured data repredent8D format is then passed to Motion
Analysis and Recognition component of the systemidentification of the performer’s
motions. These motions are then mapped into mbgigsing a mapping strategy, with
parameters provided through a GUI. The motion-muosap is forwarded to the generation
component which produces multimedia content. Indhgse of the MvM framework, the
content includes MIDI, setting of the mapping, vidaudio and graphical animation.

4.3.2 Preservation Scope

Creative interactive multimedia performances areegally ad hog in terms of system
setting of mapping parameters as well as perforngestures or motions. Therefore, it is
very difficult to reproduce the same multimedia temt at another time without preserving
performers’ movements and system setting.

For the MvM, the preservation required is at twdfedent levels, for two different
purposes:

i. If only the output multimedia content and the perfance itself are interested, the
preservation will includes preserving still imagesidio and video images captured
during the performance. For analysis purpose, 3Dtiamocaptured during the
performance also needs to be preserved.

ii. For reproduction purpose (with or without perforeidanvolvement), the preservation
will cover the whole creation process. This invalvpreserving exact performers’
creative gestures/motions (via captured motion )dataapping parameters and the
software components that generate the music, imgudMotion Analysis and
Recognition, Mapping Strategy and Multimedia Getena The dashed rectangle in
Figure 1 shows the scope of MvM system that neztie fpreserved.

IST-2006-033572 PUBLIC 771123



Date:21-Dec-2006 D4101 User Requirements and Sae&arecifications
Project: CASPAR
Doc. Identifier: CASPAR-D4101-SCEN-0101-1_0

CASp,
e

&Ko

Motion
Analysis and
Recognition

SR

Motion-
Mapping Multimedia
1eters. Mapping
Strategy

L

Multimedia |Multimedia

»| Generation [Quiputy,

e/

3D motion data |
Ll

Capture and
Processing

GUI (For
monitor &
control)

A
N

Figure 2: Preservation of interactive multimedia performances

The preservation in case (ii) is complicated. itolves the preservation of both data and
software. They require different approaches to eyxedion. For example, with data, this
may involve the use of standard data formats; wadgtftware, relevant software components
may be preserved. Typical multimedia environmesedufor such creative system include
MAX/MSP [10], Pure Data (PD) [11]. In particulag teconstruct the performance, the
following elements may need to be preserved:

« Motions of the performer, captured and stored im3®@ion data files

« Performance scene setting, stored in 3D scenditiet@nd video files

e The procedure in which the performance is set upcamnried out

A MAX/MSP patch (or other software) that contaihe mapping strategy

« MAX/MSP application to run the patch

* The operating system on which the MAX/MSP applmativas running

« The hardware system used in the performance: thec®@Geras and their setting,
amplifier, mixer and speakers.

< Finally, the music produced during the performance.

The preservation of IMPA needs to deal with théofeing challenging issues:

Firstly, in order to reconstruct an interactive timaédia performance, the whole production
process, involving the performers' interactionshwthe multimedia systems, related
hardware, needs to be preserved. Missing one afetltemponents, the reconstruction
process could be fail. The use of specialised swiwand hardware in interactive
multimedia systems could complicate the problemamg replacement of software and
hardware may cause a loss to the integrity of éopaance. Furthermore, the relationships
amongst these components also need to be presexwetiat during the reconstruction
process, these preserved components can be retaedeassembled in the right way.

Secondly, preserving interactions between perfasraad the MvM system has a particular
importance in preserving interactive performandédmt leads to the need for a systematic
way of modelling the captured interactions and iaich captured data. At the moment, a
popular method to deal with this issue is to capperformers' motions and store them in
3D data format (for keeping exact position of parfers in 3D space). However, there
many different file formats currently exist for 3Dotion data. They are usually specific to
applications they born with. Majority of them aretriormally and well documented. As

there are many different formats, there are alsoynagplications associated with the data
formats. That makes the preservation process miffieutt for which ever strategy is used.
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4.3.3 Preservation issues

CASPAR element | Current situation of testbed Preservation issues arising from general consideratns and

» changes in hardware and environment (software, led, social
etc) and Designated Community

* loss of sources of Information (including loss of &t archive)

Ingest The ingestion of data into archive is manually dbye | CASPAR framework needs to allow users to submdrapiete set of
users. data objects required for preserving an interaativtimedia
performance. As the relationship amongst comporisrgssential
during the reconstruction process, during ingestt®SPAR
framework needs to provide facility to capture tkiatd of
relationships and to perform consistency check vawaepting
submitted data.

Preservation Currently not in use There can be different sets of data related tafampeance, such as
Description different MAX/MSP patches, different versions of &iotion data.
Information Each of these data sets can be used and modifidifférent users

for a particular context. Therefore, managing praree and usage
contexts of different sets of data are necessatipgithe
reconstruction process.

Representation Representation information about the data is inédgol | CASPAR framework should allow users to define apdate the
Information by the extension of the file in the archive. Théeasion | necessary representation information for their dajacts.
of a data file is assigned automatically by theliappon | consistency check may be required to ensure tharegresentation
that processes the data. information is compatible and interoperable witlisérg
representation information.
Annotation
Packaging All data related to a performance are stored ioldef, | AIP needs to be defined.
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including its subfolder. Interpretation of contewithin
the folder is based on user knowledge

There is the need for a description mechanism sordee data relate
to a performance packed in a package in the archhve description
should state the relationship amongst data filéserpackage, there
dependencies and their actual location in the ppeka

Description Description needed
Information
Access Access to the archive is done manually, usualiyhwie | Issue: need to capture knowledge of the data holder

of the data owners (e.g. for the location of ditamat
of data in archived, etc.)

In a reversed direction of ingestion, the accesstfan should allow
users to retrieve all data objects required foomstruction of a
performance, using the relationship specified dunngestion. This
goal can be achieved by using knowledge aboutapiatkage in
archive captured from the data owners during gg$tion process.
At the time of access, the knowledge of the deseghaser
community about performing arts may be differentrfrthe
knowledge the original data holders. Therefore ntla@ping of
knowledge of the original data holders about tlohiaed package
captured during its ingestion and the knowledgeéesignated user
community at the time of access will also be nesrgss

The access function should also allow users toygirer information
about a particular performance, including dateetiperformers
involved and performance contents.

Access control, None Currently, not necessary to this testbed, but wbeld good feature
including DRM to add.

Higher-level Mostly based on the knowledge of the users of #ia d| General high-level knowledge about interactive imétlia
knowledge performance in music will be necessary to provitekground

understanding of a performance in archive. Thisegarhigh-level
knowledge will also be useful for preservation diggion of a
performance, in relation to its external context.
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Virtualisation and
representation
information

It is entirely dependent on the knowledge of daters
for identifying and interpreting the data objecguired
for a performance and the relationship amongst them

A performance object is complex data object, asa@xgd earlier. It
consists of a collection of individual data objeci®e submitted to
the archive and their relationships with exterratbvare.

Therefore, the CASPAR framework needs to be abpgdoide
description for representation information of irdival data objects,
the inter-relationships amongst data objects storadchived and
their relationships with external components (kagdware)

Storage and storage None Multimedia contents, such as video/audio files,eally in large

virtualisation volume. Preservation of these contents would redange scale
storages. A single storage will not be enough. Qatds for storing
this kind of contents may necessary. Therefor¢yafisation of
storage will be necessary

Preservation None A number of preservation strategies will be neagskea keeping the

orchestration data objects about interactive multimedia perforcearusable in
over time. Depending on the changes of in the &jtemulation of
hardware, migration of data or re-interpretatiomuhived data may,
be necessary.

Authenticity None Authenticity of a re-constructed performance isémtant when

related archived data objects are migrated or eedila
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4.3.4 Preservation scenarios

This section describes a few possibilities thathnigappen during the preservation of an
MvM performance. As discussed earlier, in ordepteserve an MvM performance over
time, preservation of the following components rbayrequired.

» Motions of the performer, captured and stored im3@ion data files

« Performance scene setting, stored in 3D scenditiet@nd video files

* The procedure in which the performance is set upcanried out

* A MAX/MSP patch (or other software) that contaihe mapping strategy

* MAX/MSP application to run the patch

» The operating system on which the MAX/MSP applmatvas running

* The hardware system used in the performance: thec®@eras and their setting,
amplifier, mixer and speakers.

< Finally, the music produced during the performance.

The following are scenarios that may happen dutligpreservation process. They are in
order of complexity.

4.3.4.1 Changes in hardware and software

Scenario 1: Required applications, the underlying perating systems and hardware
are still in operation at the time of reconstruction.

This is the easiest case. Only application datzh sas 3D captured motion data,
video/audio files, MAX/MSP patches are requiretbéopreserved.

Scenario 2: The underlying operating systems and Indware are still in operation at
the time of reconstruction, but MAX/MSP and other related applications no longer
exist.

There are a number of possibilities for reconsingch performance in this case.

Option 1: Preserving all the applications requifedreconstruction of a performance in
CASPAR storages.

Option 2: Although the applications used in thegimal performance are no longer exits,
there may be applications with the same functisshase used to produce the original
performance. If this is the case, the preservatioly involves data objects as in the
previous scenario. The preserved data can be fetthetoavailable applications to re-
construct the performance. Data conversion frompiteserved format to a new format
required by new applications may be necessary.

Scenario 3: The underlying hardware is still in plae. However, the operating system
on which the MAX/MSP relies has been changed.

There are a few options:

Option 1: If there are applications with the samactionality exist in a new operating
system. Then, the same procedure as in optiors2ewfario 2 can be applied.

IST-2006-033572 PUBLIC 82/123

*69



Date:21-Dec-2006 D4101 User Requirements and Sae&arecifications
Project: CASPAR
Doc. Identifier: CASPAR-D4101-SCEN-0101-1_0

CASp,
e

&
b4
¢

Option 2: Preserving the operating system in CASR&éhive, then, applying the same
procedure as in the previous scenarios.

Option 3: Migrating MAX/MSP and other related applions to a new operating system
available at the time of reconstruction. This migra may involve redeveloping the
software applications. The redevelopment may b#dycos

Option 4: Building an emulator of the old operatitagrun on a new operating system.
Then, the same operation as required for optiohstenario 2 can be applied.

Scenario 4: The underlying operating systems and Indware have been changed.

This is the case of very long term preservatiorretjuires a complicated procedure for
preserving and reconstructing a performance.

* In the worst case, everything, from hardware, saférand data, has to be preserved in
order to successfully reconstruct a performance.

» Otherwise, all options in scenario 3 (except op#pmay be applicable.

» Hardware emulator may be possible. If this is thgec operations required for option 2
of scenario 3 can be applied.

The above description has shown various leveloofptexity required for preservation of
an interactive multimedia performance. Dependinghenavailable hardware, software and
our expectation of the situation in the future, rappiate action will be taken for
preservation.

4.3.4.2 Changes in environment
Scenario 5: Changes in organisations that owns tltata objects in archive

In an organisation, there are staff members redplenfor maintaining the data in archive.
A sudden change in these staff may lead to a gtuat which no one in the organisation
has access to the data stored in archive. Thigldmibecause of the lack of awareness or
required information/knowledge to get control of thata. As a result, the data stored in the
archive become obsolete. Over time, the obsoldterday become unusable, although they
still kept in the archived. In order to ovoid sulproblem, it is necessary to well document
the management of data stored in archive withirotiganisation that owns the data, so that
substituting staffs can easily get hold of the oardf data.

Another possibility is the change of organisatioimdkrests. In that case, although the
organisation is aware of data packages storedcim\ar, however, they are no longer of
interest of the organisation. Therefore, withoutessary maintenance, the data packages in
the archive will be out of data, sooner or latexd ghen become obsolete. In order to make
use of these out-of-interest data, there should beechanism to transfer the management
of data to other organisations who are interestietdése data.

Scenario 6: Changes in environment setting of a plrmance

Setting of a performance is really important toerattive multimedia performances to
maintain their authenticity. A preserved performaig more likely to be reconstructed in
venues different from the original venue, where th# data in archived are captured.
However, it is unlikely that the same physical isgttof the venue could be recreated.
Therefore, in order to maintain authenticity ofeaanstructed performance, there is a need
for a mechanism for describing physical settingegfggmance. This description should be
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4.3.4.3 Changes in designated community

Change in user community
Use proposed methodology from section 2.2.3.3
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4.4 THE CIANT TESTBED

4.4.1 Introduction

CIANT maintains AMANT archive (http://www.ama-ntyzaimed solely at video-art
encoded in Real Video (combination of video andi@udAMANT’s distinguishing
features include DCMI compliance and the possibitit curators to evaluate and comment
on the artworks. OASIS (http://www.oasis-archiviaily which is being finalized these
days, virtually combines number of distributed areb similar to AMANT maintained by
other institutes by providing unified access tonth&xisting databases are connected by a
comprehensive meta archive system for artefaatsfilikn, video, audio and image material
in order to open up works of art historic value floe public. Plans exist to evolve from
OASIS to GAMA by extending the range of archivedadéormats with 3D and other
multimedia formats. These plans have been conslderhis questionnaire.
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4.4.2 Preservation issues

CASPAR Summary of Current situation of testbed Preservation issues arising from general
element considerations and

» changes in hardware and environment
(software, legal, social etc) and Designated
Community

» loss of sources of Information (including loss
of host archive)

Ingest Due to the nature of OASIS/GAMA project, originstbé data are unknown to somgPAIMAS] checklist may be appropriate in
extent, since the content is provided by remoteesemaintained by respective improving preservation

institute. Regarding AMANT archive that is under gontrol the ingest is a two step
process:

1. Manifestation(s) of the artwork is uploaded WanSCP (secure file transfer
protocol) to the media server connected to broadiraernet backbone.

2. Description of the artwork (metadata) is fillead submitted using a web-based
form together with URLSs of the manifestation(s).

The ingest happens only several times a week,dypitwork consists of one
manifestation of an average size 100MB.

Preservation | Reference: Reference:

E}?gﬁ;‘gggg origin_id t ext OASIS Identifier unique in remote database | | Issue: the longevity of the identifier and in
deniifi — — , part_lgular an identifier involving databases has
identifier [Q ext[] | Identifier, ISBN, ISSN, inventory number, etd. additional problems.

Context information: Provenance:
rel at ed_Obj ects | text [] Links to related ObjeCtS, uses OASIS |dentiﬁ(‘rSFu”er Capture of processing history and Custody

[Q needed.
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Fixity: N/A
Provenance:

provenance [} | text Determines which DB-Adapter (institut

1%

provided the resource.

Fixity: needs to be addressed.

Context: very broad context needs to be explaiorn

Representation OASIS/GAMA is a publicly accessible archive on theernet. There are detailed

Information

help pages guiding new users how to access (seatchnterpret) the archived
information. PHP bulletin board package is useldgadeedback from users and
provide answers to their questions. We do not pleainy face-to-face training.

In the case of OASIS/GAMA, users extract video andio together with additional
information like: authors, year, description, orygical location of the original

material to name the most important attributes. pheserved information is an

artwork that can consist of several manifestat{@rdeo, audio, and 3D models).

This is a list of software that can be used torprit the information encoded using

the respective encoding:

e MP3, MPEG2, MPEG4, WMV: Media Classic Player

* RM: Real Media Video

* VRML, X3D: Xj3D
To watch the video, they must have installed ageisge software according to the
codec that has been used to encode the video stfé@nbasic information how to

play the video and install the appropriate softwangrovided on the help pages. The

interpretation of the art-work video is left uptte user.

ed.

Annotation

Content-Based Indexing Extension autarally extracts keywords from the video.

keywords [Q text[] | Keywords found in IndexingDatabase

counted from the beginning of the movie

matching result. Results will be sortpd

19%

tineof fsets text[] | Times of a keyword appearance in millisecopds

The algorithm and meaning of keywords and tk

relevance must be captured.

wei ght integer | Relevance level, higher value means bdtter

neir
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according to this value.

Packaging Each artwork consists of a few artwork manifestetithat reside in separate filesThe AIP needs to be defined.
Metadata describing the artwork reside in a SQlaludée. The extracted metadata
associated with the artwork could be consideredrasxtra file. Files and the SQL
database reside on remote servers maintained lpeatese institute. Remote
databases provide indexing mechanism, charactegmémon and face recognition.
The engine stores information about keywords/affdeund in the content. The
searchable snapshot of the remote databases isccace per day.

Descriptive title [Q t ext A name given to the resource

Information - . ; .

alt_title [Q t ext Alternative title as a substitute or an
alternative to formal title of the resourcg

id_system[Q enunf ] Identification system describes value |of
the Identification attribute.

person [Q text[] Person (artist, author, editor, corporatipn,
institute)

date [Q t ext The year or date when the resource yas
created or first published

date_from datetinme | For specifying a range

date_to datetime | For specifying a range

country [Q text[] Country or list of countries where the
resource was created or produced, 1$0O-
Set

I anguage [Q enuni ] Language, the language of the
intellectual content of the audio-visual pr
text, 1ISO-Set

content [Q t ext Content, abstract, synopsis, full tekt,
table of content
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genres [Q text[] Genres, in the case the source
describable as net art, paintirg
installation, etc.

met akeywor ds text[] Manually edited keywords

t hunbnai | text[] URL of the thumbnail

medi a_type [Q enunf ] Media type of the resource (applicatigr]
audio, image, message, model, multipp
text, video) based on MIME
(http://www.iana.org/assignments/med|3
types/)

on _id text[] Identifier of a manifestation (digital qr
physical)
(oml_* stands for online media list)

om _url text[] Download link (e.g. video stream)

om _format [Q text[] Format

om _description text[] Description of the format

[Q

om _quality [Q text[] Quiality

om _size [Q text[] Resolution

om _bitrate [Q text[] Bitrate

om _quality_rating |integer[] | Quality rating for content-based seafc
in order to select the best quallty
manifestation

provenance [ t ext Determines which DB-Adaptdr
(institute) provided the resource.

dba_base_url t ext URL of DB-Adapter
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preservation [Q t ext

Preservation method

Access

First, the users connect to the OASIS via web b&ested using internet browser
their choice. Then, they fill the search form amdvise the results. We provide
web-based user interface which helps users todomtords in the archive. Tk
search simply compares metadata associated withreaord against the metadata
the query. The subset of metadata used for queryin@rked with [Q] symbol in th
table below the question “Semantic Representatiforihation”.

The middleware uses caching database which idfile-demand while loadin
metadata from remote servers. The software thatiges access to the archi
consists of a set ofDasisDBAdapter for each archiveOasisFrontend and
OasisMiddlewareAll the components were programmed using combmnatif PHP,
PERL, and shell batches. The text source codeeottimponents can be preser
easily, components are not based on any compiteatibs.

Encoded videos are delivered using HTTP protocdlthay are bit copies of the
originals residing on the remote servers. The acfteguency has not been measu
yet, but we expect ho more than one hundred accpssalay.

ed

red

Access
control,
including
DRM

Every OasisDBAdapteuses authentication information provided @gsisFrontend
to filter the search results. Thus, only a restdcsubset of the matching set
provided. Particular policy dealing with ‘who cancass what’ is left up to eaq
institute.

As far as AMANT is concerned, we distinguish twdfetient access rights to th
archive:

1. public anonymous access. All the artworks in the AN archive have a
low quality and low resolutions video thumbnailttimanually created
during the ingest process. All the artists agréed we can publish these
thumbnails without any restrictions.

restricted access. Access to the high quality agidl resolution digital
manifestations of the artworks is granted onlyeistered individuals:
students, teachers, researchers, artists, eta p@nson to become registere

Issue: the relevance and maintenance requiren
isn the list of registered users.and their accegasi
Here there is the additional complication of {
actual access being controlled by s third party.

e

d,

nents

he
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she/he must sign an agreement stating that thefuke data is limited only
to non for profit acts (research, education, e@€IANT keeps written and
signed copyright transfer agreements with the gmeauthors that allow
the limited use of their artworks.

Since the OASIS is in fact only unified interfacenumber of different archives, the
answer to this question is not simple. We are gomg@rovide complex answer as
soon as we receive response from the two remadatay holders (Center for Art and
Media in Karlsruhe and Netherlands Media Art Ingétin Amsterdam Montevideo)

Our approach for AMANT has been described belowdbestion “Are there an
access restrictions?”. We have an general ingtittduthor copyright agreeme
suited for the AMANT archive that allows us to:

1. publish video thumbnails without any restrictions

0D <

2. provide full videos to individuals for limited usaly (non for profit,
research, education)

Currently, we keep a simple spreadsheet databaaetlodrs containing their contact
information with links to written and signed agresits. Additionally, we also have|a
similar database for the registered individuals.

While OASIS is an international project and it imbbs artworks of authors from non-
European countries, the effective legal framewa@édmes a complex combination
of national laws of the respective partners (CZRepublic, Germany, and
Netherlands), EU law, and international law.

rights [Q t ext Rights for  presentation, preservatig
publication, lending, etc.

S

Higher-level
knowledge

Significant higher level knowledge remains to be
recognised and captured.

Virtualisation
and

« MPEG2 [ISO/IEC 13818-1:2000] (video) Could be virtualised audio and video streams.
* RM; Real Media Video [http://www.realnetworks.cort¥]deo)
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representation
information

WMV, Windows Media Video [http://www.microsoft.coinjvideo)
*  VRML [ISO/IEC 14772-1:1997, ISO/IEC 14772-2:2003]))
* X3D [ISO/IEC 19775] (3D), X3D encodings:
o XML and Classic VRM (ISO/IEC 19776:2005)
0 Binary encoding (ISO/IEC FCD 19776-3)
Each artwork consists of a few artwork manifestetithat reside in separate filg
Metadata describing the artwork reside in a SQlalazdée. The extracted metad
associated with the artwork could be consideredrasxtra file. Files and the SQ
database reside on remote servers maintained lpeatdge institute. Remot
databases provide indexing mechanism, charactegmémon and face recognitiof
The engine stores information about keywords/offdeund in the content. Th
searchable snapshot of the remote databases iscace per day.
» video, arbitrary resolution (usually from 320x2@011920x1080), arbitrary
framerate (usually 15 to 30 fps)
* audio
» 3D models: vertices, edges, surfaces, materials
* metadata: (30+) textual value attributes

S,
ata
L

e
.
e

Storage and
storage
virtualisation

All files are stored on remote server of each pekithere are no copies unless
provider implements mirroring. The physical mediaisually a cluster of hard drive
with random access.

the
bS

Preservation | N/A
orchestration
Authenticity Not solved yet. Issue: authenticity of data to be defined.

IST-2006-033572

PUBLIC 92/123




Date:21-Dec-2006 D4101 User Requirements and Sae&arecifications
Project: CASPAR
Doc. Identifier: CASPAR-D4101-SCEN-0101-1_0

CASp,
e

&Ko

5 THE CULTURAL HERITAGE DOMAIN
5.1 THE WORLD HERITAGE SITE TESTBED (UNESCO)

5.1.1 Introduction

Documenting cultural heritage sites has been a ltnaglition of the conservation
community. However, to document such sites in digdrm is a relatively new technology.
During the last 15 years digital techniques fotunall heritage sites have been significantly
evolving: photogrammetry became digital and althougxtremely expensive at the
beginning, it is becoming now a days an affordadbhnique.

There is no a single place where all data for allucal heritage sites is stored. Usually the
data is spread all over. It is mainly at reseangawnizations that for a specific reason are
studying and measuring a specific site, when tha fita that specific site is captured and
stored.

At UNESCO the data referring to World Heritage sit®rresponds to the minimum legal
requirements that the countries must provide.

Sample data for the UNESCO’s CASPAR testbeds:

UNESCO will provide data samples mainly representiwo major usersthe
UNESCO-audience and the conservation-community-audience. These two
audiences were selected for CASPAR because thayetlorepresent the overall
user community.

In order to fulfil the testbeds requirements for&PAR, UNESCO will provide the
following data samples:

a) Data samples of the UNESCO data the inscrigtfdNorld Heritage sites.

b) UNESCO will, in close cooperation with UNESCOrtpars that are working in
the area of documenting cultural heritage sitesvige good representative samples
for CASPAR. These UNESCO partners are UniversityRaime (CNR-Italy),
Federal Polytechnical School of Switzerland Departirof Geodesy and Remote
Sensing and University of Cape Town, Departmer@ebdesy.

Location of the testbed

In order to simplify the CASPAR testbed avoiding theed to work with data on
several remote platforms, UNESCO will establishnéque and single computer
platform, located in Paris, where all the sampldt lve stored and where all the
testing of CASPAR software and associated funclivesiwill be done.

There will be only two major types of users:
| / UNESCO-audience

This user represents all the countries to the Wbldditage Convention. The user group
deals mainly with the legal data necessary to pteseultural heritage site as a candidate
to become a World Heritage site.

Since the data might come out of 191 countries neesbf UNESCO, UNESCO cannot
force any standardization of the data, otherwiseeld@ing countries would be out of the
game. Therefore the data comes in all types of dsmsometimes analog only and
sometimes totally digital.
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Associated data.

All of the documentation and data on World Heritagdtural sites which is held at
UNESCO premises represents the justification ferdites' inscription. This is official data
which is needed within the context of an InternadicConvention to provide a legal record
of a successful inscription. This means that theyehmet all the requirements for
nomination. The data contains the following:

- Identification of property

- Description of property

- Justification of inscription

- State of conservation and factors affecting the@ry
- Protection and Management

- Monitoring

- Documentation

- Contact information of responsible authorities

- Signature on behalf of the State Party(ies)

The following well established procedures mightgepto such a file:

a) The candidate cultural heritage site is not jgieckand the candidature is deferred. In this
case the file remains alive and the file will reeeany updates that the country will send in
order to improve the quality of information of tfile so that the cultural heritage site can

be re-presented as a candidate on future officgedtimgs of the Convention.

b) The candidate is accepted. In this case, therrallheritage site changes status from
‘candidate’ to ‘inscribed site’ (e.g. inscribeda$Vorld Heritage site). In this case the file
starts a new life. The file will receive any updatkat the country wants to add to it and/or
that the Convention decides on the site: Stateoofs€rvation, Periodic Reporting, etc.

For the UNESCO-audience, samples of the followingtes will be provided as samples
for the CASPAR testbed:

* Franciscan Missions in the Sierra Gorda of Quevetdexico
* Virunga National Park, Democratic Rep. of Congo digdnda
« Vizcaya Bridge, Spain

II' Conservation-Community-Audience

This user represents the national conservationoati#s and/or research institutions and

that are dealing with the conservation of cultunatitage sites. In order to do such a

conservation activity, they require to document tidtural heritage site as complete as

possible. This group does not represent a unigee Esr each site there are a large number
of multidisciplinary experts. Each expert is resgible to capture and to store, retrieve and
manage the data under his/her expertise.

This makes that there is no single standard abbidhwdata needs to be collected and how
much data needs to be collected.

A good example would be a geographical expert wdalsdwith all aspects of cartography
associated to a site. This is in reality a mulditscartography that can include:

- Large-scale cartography to represent the totai@l landscape on which the cultural site
is located.

- Detailed scale cartography representing the @allheritage site as a whole.

- Even more detailed cartography indicating eadtividual monument of the cultural
heritage site.
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All of the above is supported by a photogrammeiyeet who deals with all aspects of
capturing, storing, retrieving and visualizing alleasurement points that enable the
complete and detailed documentation of each indalidfacade for each individual
monument. The resolution varies according to thagiexity of the details of each facade:
a plain facade has usually low resolution since fe@asuring points are required, while a
complex facade full of ornaments graved on the estonll require extremely high-
resolution and therefore an enormous amount of mneagent points.

Associated dah.

In order to support CASPAR, UNESCO will provide sdes data from three major
partners:

- University of Rome, Italian National Research Cef€NR) with high expertise in
archaeology.

- University of Cape Town, department of geodesy,hwitigh experience in
photogrammetry and who has been developing dulliegldst eighth-years the
African Heritage database. This database has app@osultural heritage sites from
Africa.

- Federal Polytechnical School of Zurich (ETH-Zurichjith a high expertise in
remote sensing and photogrametry, who has more Hfaryears experience
documenting cultural heritage sites in order tobladée to reproduce these sites
virtually on a computer in 3D, virtual tours, etc.

In general the overall data process is as follows:

- A multidisciplinary set of experts captures, s®rand retrieves cultural heritage site
measurements.

- All data for the cultural heritage site is stor@ad a common computer platform with a
specific directory per site, inside the directohere are sub-directories for the different
types of data stored.

- It is important to notice that in the case of Gtfeographical information systems) the
software creates a specific database of all thegaphic layers and associated attributes.

- Data is used out of computer platform. Sometimsisg very specific software and/or
hardware.

For the conservation-community-audience, samples ofhe following sites will be
provided as overall samples for the CASPAR testbed:

e Labilela, Ethiopia
* Via Appia, ltaly
* Alocation in Switzerland

5.1.2 Preservation significance

UNESCO

Importance

All of the documentation and data on World Heritagdtural sites which is held at
UNESCO premises represents the justification ferdites' inscription. This is official data
which is needed within the context of an InternadicConvention to provide a legal record
of a successful inscription. This means that theyehmet all the requirements for
nomination. The data contains the following:
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Identification of property

Description of property

Justification of inscription

State of conservation and factors affecting the @y
Protection and Management

Monitoring

Documentation

Contact information of responsible authorities
Signature on behalf of the State Party(ies)

©CoNoahrwNE

Uniqueness of data
It is vital to preserve this official data as itnche used for legal purposes within the
international framework of the World Heritage Contren.

Unigueness of holding
UNESCO holds the official nomination records fol08&/orld Heritage sites (as per June
2006), as well as associated State of Conservegmorts for selected sites.

Size of user community
The size of the user community for UNESCO is, agmfil 2006, 182 countries as well as
general public.

Magnitude of data set

There are currently 644 inscribed World Heritagituwral sites, 162 natural sites and 24
mixed sites (sites with both natural and culturalues). The magnitude of the data set
received by UNESCO can differentiate between caemtr As explained before there are
minimum requirements (see (i)) however countriggdrstrengthen their nomination file by

sending in addition a large series of books, vidBadDs, etc.

Urgency of preservation needs

The preservation of data for UNESCO involves thesprvation of data and certain
software.

Conservation community

Importance

At site level, the data represents the status efsite at a fixed moment in time. Time
continues to modify the site, there is a normaledetation. The site data including
measurements, cartography and images is the oaliabie data to know the details of the
conservation status of a site at a fixed mometitna.

Uniqueness of data

The best example is the Buddhas of Bamiyan: thedBasl were exploded and they no
longer exist in a complete state, therefore tha ttat was collected on the Buddhas before
the explosion has become the unique data availatd#ow humanity to know the original
appearance of the Buddhas. The data is valuablieasultural heritage can now be
recreated through 3D modelling. Loosing this aa&ans loosing such knowledge forever.

Uniqueness of holding

The whole set of data objects constitutes the siagd unique digital representation of all
cultural heritage sites stored in the databases Trtformation must be preserved since it
represents the only existing knowledge about a¢hcultural sites.

Size of user community
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Magnitude of data set
As an example, from the Department of Geomaticsy.Uof Cape Town, the African
Heritage Database holds currently Information forcliltural heritage sites and has a size

of approx. 500 GB.

Urgency of preservation needs

The preservation in case (i) is complicated. itolwes the preservation of both data and
software. They require different approaches to gyedion. For example, with data, this

may involve the use of standard data formats; wdtttware, relevant software components
may be preserved. In particular there is a neegrdserve integrity of physical storage,

support for migration or emulation of obsolete heak, software technologies, support for
virtualization of elements, in order to make pokestio reconstruct them from scratch. Due
to importance of data it is important to preseVelata, software and hardware to re-create

It.
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5.1.3 Preservation issues

CASPAR element

Current situation of testbed

Preservation issues
considerations and

changes in hardware and environment (software
legal, social etc) and Designated Community

loss of sources of Information (including loss of dst
archive)

arising from genera

Ingest The ingestion of data into archive is manually dbpeusers. Most of the CASPAR should allow the entering of data: one-pajnt
data from the conservation community and UNESCO rmanity | load.
requires proprietary software: to create virtual dels, 3-D| |, addition data might require to be updated
visualizations, Adobe, etc... continuously: modification of existing data andfor
entering new data objects
Preservation Provenance All need to be captured
Description Fixity
Information
Reference
Context
Representation Representation information is interpreted by théemsion of the file] Issue: there are many proprietary formats invokveeth
Information Data is differentiated by the extension of the sfilvith certain| must be described or else the software preserved.
exceptions. CASPAR framework should allow users to define and
update the necessary representation informatiothér
data objects.
Annotation None
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Packaging Some formalised packaging techniques are necetsa
tie together the various distributed sources oh.dat
Issue: how to rely on distributed data sources
example all data may have to be centralised
Description
Information
Access Access to the archive is done manually. Our datadated in differenf CASPAR should allow us to access all data. Knowde
points depending on communities involved (UNESCQConservation about data objects is essential since data mus
community). extracted jointly with the corresponding meta-data.
Access control] No access restrictions
including DRM
Higher-level Mostly based on the knowledge of the users of #ia.d CASPAR framework needs to capture how data obj
knowledge are conceptually linked together. This also invsl
background information about UNESCO and Wq
Heritage.
Issue: what is the distinction between Context JRIRO
Representation Information?
Virtualisation and Images
representation Map structures
information . _
Time series

Storage and storag
virtualisation

3D glasses for observing 3D presentations

N/A

Preservation
orchestration

Discussions are ongoing at ISPRS/CIPA [InternatioBaientific
Committee for Documentation and Architectural Plgodmnmetry] with
respect to preserve digital heritage data but ngthtoncrete ha
emerged.

N/A

ects
ve
rid
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Issue: authenticity of data held at remote sites

Authenticity

N/A
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5.1.4 Preservation scenarios

5.1.4.1 Changes in hardware and software

Scenario 1: Obsolescence of data media
Data media for objects must be checked to assesslifa media is still within the market standards.

Scenario 2: Digital photogrammetry (aerial and clos range) and associated meta-data

Data must be preserved, if a new image format appdata must migrate to any new standard so that
data can continue to be used with the new formaiplidation software might need to be
adapted/changed.

Scenario 3: Computer visualization

This requires specific graphic cards. If such cardsome obsolete, data must be re-formatted to
continue working on new available graphic cards.

Application software might need to be adapted/ckdng
Scenario 4: Computer platform standard hardware

If hardware becomes obsolete the cascade effeitteodata and associated software that might not be
able to run anymore must be analysed and corrected.

Scenario 5: Computer platform specific hardware: sphisticated graphic cards, etc.

If any special hardware device becomes obsolete ohaist be re-formatted to be able to continue
working on the new hardware device. Software misst be adapted

Scenario 6: Computer platform software operating sgtem

A change of operating system might bring a casedfdet mainly with the specific hardware and all
the application software. Corrected actions mustken.

Computer platform software application packagesS,Gemote sensing, visual tools and modeling,
etc.

As described before any change in data format @were or operating system software will have an
effect on the application software and associabetective action must be taken.
5.1.4.2 Changes in environment

Scenario 7: Changes in Geographic information systes (GIS) and CAD and associated meta-
data

Data must be preserved, if a new map format appdata must migrate to any new standard so that
data can continue to be used with the new formaiplidation software might need to be
adapted/changed.

Data-media for this object must be checked to asdgesuch a media is still within the market
standards

Scenario 8: Changes in Remote sensing and image pessing and associated meta-data

Data must be preserved, if a new image format appdata must migrate to any new standard so that
data can continue to be used with the new formaiplidation software might need to be
adapted/changed.

Data-media for this object must be checked to asdgesuch a media is still within the market
standards
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5.1.4.3 Changes in designated community

Change in user community
Use proposed methodology from section 2.2.3.3
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6 COMMON REQUIREMENTS

6.1 CHANGES IN HARDWARE AND SOFTWARE

Hardware/Software obsolescence affects the albditun software capable of

1. reading file formats

2. processing data

3. rendering data

4. manipulating data.
We can see these issues manifesting themselvessatomains. Some illustrative examples found in
our testbeds are:

* NetCDF MST files from the scientific domain requapeecific software packages to permit
files to be read
«  MAX/MSP patches widely used in the artistic domatrich are highly complex, unstable and
have a high dependency on proprietary software
 GOME raw data from the scientific domain which riegsi conversion to the SAFE format
» Dependence on specialised graphics cards for 3@eramy of images in the cultural heritage
domain
The testbeds have identified a clear requiremenprwvide solutions that permit the required
information to survive the obsolescence of softwamd hardware currently used to read, render or
work with the data. Ideally any solutions would Evdependence on proprietary formats and software
with their attendant preservation risks. Howeverrent cost and technology constraints mean that
solutions provided by CASPAR for some scenariod wilolve other preservation techniques.
Solutions utilising software preservation, emulatand format conversion amongst other techniques
will be employed in order to provide the realigalutions that are urgently needed.

6.1.1 Changes in storage technologies

All storage media have some inherent preservatigks rdue to the storage media decaying, and
hardware/software obsolescence may affect retriefadlata from storage medium. Some cross-
domain examples are:

* UNESCO's distributed archive requiring the managenoé a wide variety of storage media

» GOME raw data stored on DLT tapes

* |RCAM DAT tapes

* CCLRC data access copies on RAID with back up énAtlas data store
The key common requirement would be the orchestratif advice to archive managers on the
preservation issues surrounding the storage medjaare currently using.

At a different level, fixity of data is a generasue across testbeds, even if not acknowledged
explicitly.

6.2 CHANGES IN ENVIRONMENT

A range of organisations supply information wittire present day designated user community of an
archive. This information might not be incorporatetb the archive, might not exist in digital foron

not have been documented at all. This informatsoofien essential for the discovery, comprehension
and use of the archived data. The information wiiebds to preserved falls into the following three

categories:

1. The knowledge the dataset is capable of impartirihe user
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The reasons why one may wish to use data withinatbhive (a description of the knowledge the
archive was intended to preserve). Some cross doexaimples of the origin of such information is as
follows:

» Justifications for a site’s inscription as a wdnktitage site

» Experimental proposals

» Curators’ evaluation of artworks

» Performance descriptions
The core requirement is the capture of all suchvasit information from an organisation ands its
ingestion into the archive. This requirement resfittm the fact that user awareness of the potesftia
information is vital for the reuse of any datagdtis information must be stored in such a way that
future access system would be capable of sear@mdgetrieving the data which corresponds to the
identified knowledge requirement.

Awareness of the knowledge that such data provwag also evolve over time due to changes in
scientific knowledge or society. This is due therusommunity discovering more diverse types of
knowledge which may be extracted from the data. @hiity to add or annotate in some way
additional information regarding the potential khedge the data can provide is an additional
requirement.

The terminology used in a domain might change dime, and this has implications for the
interpretation of datasets.

2. Data Provenance
All testbeds exhibit the common requirement for greservation of provenance information. This
adds value to and in some cases is vital for tmeecbinterpretation and use of the core datafset,
example if it describes the processing chain engadp move from raw data to processed data. Some
cross domain examples are:
» Information on authoring body, commissioning orgation, experimental scientist or group,
architecture, ethnic group responsible for consitmancof architectural object
* Mechanisms for the data collection instruments, @saof operation and calibration.
* Human scaling techniques employed, recording teghas, artistic movements influencing the
work, composers’ intentions, and archaeological piraptechniques.
It is important to preserve and relate this promeeainformation to the corresponding data. It may
also be important to supply some form of explamatis to the significance of this provenance
information.

3. How to use the retrieved data to extract knowledge

All domain data sets exhibit the need for the preen of representation information, the capataty
virtualise/render the data and information capalbleegenerating the higher level knowledge which is
required for the interpretation of the resultingitil objects.

Representation information examples

» Data dictionaries containing parameters

» Formal descriptions of file formats

e Thesauri
The capture of representation information in otdegprovide adequate description of key data estitie
is a key requirement. The relationship between dataies and any other information element within
the archive needs to be captured and preserved.

Virtualisation/Rendering examples

» Software
» Digital processing algorithms
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Capture of important processing and rendering sofivis a key requirement. It should be noted that
any software that is captured will then be subjecthe additional set of requirements arising for
software.

Higher level information examples

» Textbooks, journals and reference materials
» Specifications for specialist musical instruments
Instructional materials for correct use/operatibsaitware
» Instructional materials for the use/operation aalised instruments
» Instructional materials for correct interpretatmmanalysis of rendered data
The requirement is the capture of at least the mahiset of materials capable of reconstructing the
knowledge base of the designated user community.

6.2.1 Changes in legal framework

All archives are potentially subject to evolvinggdé restrictions, be they at a governmental or
organisational level (i.e. between an archive anadser community). A repository of information
which describes the implications and changes irslitipn relating to an archive holdings and any
element of its designated community would be dbkéra

Copyright restrictions on data, software, hardwamd supporting information evolve over time and
potentially expire. The result of this evolutiontiee need to ingest or release access to previously
identified materials, information or data. Somenfoof monitoring of the identified copyrighted
materials and owning institutions is required tcilfeate this.

It should be noted that copyright changes do potioat the same time for all related information f

all end users, for example the copyright expiresaoscore/data from scientific experiment but
supporting textbooks /journal articles or instranél manuals are still under copyright. This create
common requirement across all data sets that abeedspendent upon the unique combination of end
user type and information unit (i.e. any comporedra dissemination information packet).

6.3 CHANGES IN DESIGNATED COMMUNITY

In all the test cases discussed in this documeninbplicit and explicit changes in the knowledgeda

of the Designated Community provide the most diffiand varied types of preservation problems.
The most significant of these are changes in theas&c knowledge base, for example terminology
drift, but also encompassing the hardware/softvear@ environment changes mentioned separately
above.

It is worth noting that change in Designated Comiyrand in particular the implication for
preservation of semantic content, is the type @inge ignored in other preservation studies, despite
being an immediate consequence of the widely aedePtAIS view of preservation. Of course for a
piece of digitally encoded information the Desigg@aCommunity is not independently defined — the
definition comes from those claiming to preserwitiformation.

Although different in detail from discipline to dipline, common problems include:
* how can the Knowledge Base be defined and how lcanges be tracked

» defining the scope of Representation Informationin- particular that of Semantic
Representation Information

* where data is processed, what is the relationshiwden Representation Information of data
to the Provenance of data produced later in thegss
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7 CONCLUSIONS

Detailed investigation of a number of datasets arious disciplines, following a structured
questionnaire, has allowed us to identify a nundferommon preservation requirements as well as a
number of discipline specific ones.

Using the OAIS Reference Model as the guide hassfed the questionnaire on preservation issues
applicable across disciplines, including data alb as&documents. Detailed consideration of specific
datasets has also allowed us to identify significssues with respect to the exact scope and tefini
OAIS concepts which deserve further work.

The OAIS Reference Model concept of preservatiodigitally encoded information is based on the
maintainenance of the understandability and ugqhifithat information. This view lies at the heaft
the CASPAR external metrics and validation crit¢daW]. Linking the scenarios to these will ensure
that the testbeds will contribute to the validatodrihe CASPAR tools and procedures.

This document provides the first instalment of iegments and scenarios. A humber of subsequent
instalments will be provided through the projedening the range of datasets and disciplines.
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Al OTHER COMMON REQUIREMENTS FROM THE WARWICK WORKSHOP

The following are taken from the Warwick WorkshaARWICK-1].

Al.1 COMMON RESEARCH ISSUES IDENTIFIED ACROSS ALL THREE DISCUSSION
GROUPS

1.

Adopt or develop an agreegkrsistent, actionable, identifier for digital objects,
with associated name resolvers which are themspkesstent.

er

X

with

nd

OJ

e

Discovery and | 2. Continue to developearch and discovery toolsn partnership with relevant us
location groups.
3. Develop moredetailed Data Models for each domain and abstract out intra-
domain and inter-domain commonalities.
4. Develop and integratBRM, provenance and authenticitychecking into inges
processes.
Trust 5. Prototype and test national certification “badgeas’prototypes of certification
processes
6. Continuing data collection and modelling of costswith adequately comple
F parameterisation, over the life-cycle of differeata types.
7. Develop language tdescribe data policydemands and processes, together
associated support systems.
Developcollection oriented descriptionand transfer techniques.
Develop data description tools and associated gemggration applications to
facilitate automation.
10. Developstandardised intermediate formswith sets of coder/decoder pairs to &
from specific common formats.
Automation and | 11. Developcode generation tooldor automatically creating software for format
Virtualisation migration.
12. Develop techniques to allodata virtualisation of common science objectswith
at least some discipline specific extensions.
13. Management and policy specificationswill be need to be formalised af
virtualised.
14. Furthervirtualisation of knowledge — including developments of interoperal
and maintainable ontologies.
15. Developautomatic processes for metadata extraction

Al.2 SPECIFI

C RESEARCH TOPICS

Virtualisation

16.

Continuing work on ways oflescribing information all the way from the bits
upwards, in standardised ways — “virtualisation”. Workriseded on each of th
identified layers in section Al1.2.

e

17.

Knowledge virtualization involving Ontologies and other Semantic Web
developments are required to enable the charaaterzof the applicability of a
set of relationships across a set of semantic terms
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18. Develop use oflata format description languagedo characterize the structures
present within a digital record, independentlyta briginal creation application.

19. It is important to make significant progress onlitegwith dynamic data
including databases and object behaviour.

20. Representation Information tools probably via layers of virtualisation to allaw
appropriate normalisation, including mature toas dealing with dynamic data
including databases.

21. Additional work onpreservation strategies and support toolsfrom emulation tg
virtualisation.

22. Develop increasingly powerful virtualisatiotools and techniques, with @
particular emphasis on knowledge technologies.

23. Develop protocols and information management exghanechanisms, including
synchronisation techniques for indices etcsupport federations.

Automation 24. Standardised APIsfor applications and data integration techniques

25. Fuller development ofvorkflow systems and process definitiorand control.

26. Develop simple semantaescriptions of Designated Communities

27. Standardise Registry/Repositories for Representatiolnformation to facilitate

28. Develop methodologies and services for archiving personalotiections of
digital materials.

29. Develop andstandardise interfacesto allow “pluggable” storage hardware
systems.

30. Standardise archive storage API.e. standardised storage virtualisation.

Hardware 31. Developcertification processes for storage systems

32. Undertake research to characterise types of reddramsmission errors and the
development of techniques which detect and potgntarrect them.

Al1.3 POLICY AND INFRASTRUCTURE DEVELOPMENT

33. The need for a national (and internationaadmap for an infrastructure to
support long-term curation and preservation which is underpinned by
common policies and standards, that address tlks soid responsibilities of the

Niaiferel Al various stakeholder groups
!nternational 34. The need for aignificant increase in investmentat national and international
infrastructure level

35. More support forcollaborative activities, at national and international level,
needed

S

36. A clearer understanding of the needs of diverseiglises andencouragement

for cross-disciplinary programmes is required
Cross-cultural plinary prog q

and cross- 37. Moretraining and accreditation is required for information professionals
disciplinary

38. More advocacy is needed in support of changing the regea culture to
embrace the challenges, and invest time up frarthe curation and preservatipn
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process
39. Work in partnership wittommercial system providers and with key interesteq
parties such as CERN and others, on error levels and odeivel affordable
scalability
Partnerships 40.  Build accredited community resourcessuch as public data bases, with a ca
of contributing data.
41, Work with data generating community, and their femsg to encourage the
adoption of standards
42. A clearer understanding of information managemeitih wespect to legal issug
such adPR and trust is needed
43.  The need fomore best practice guidelines
Support
Infrastructure 44, Support forpersistent resolver serviceor persistent identifiers
45, Support for shared registries/repositories of various types of metadat
particularly Representation Information and curatiools
46. Progresdngest standards(e.g. follow-on from PAIMAS standard).
Standards 47.  ProgressAudit and Certification draft to full ISO standard.
48, Set upaccreditation processunder the supervision of an international body.
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A2 THE PRE-QUESTIONNAIRE

Each repository is characterised at the outseliéydilowing basic features.
1. Holdings: overview of the type of data held, arlgtof data sets.

2. Data Set(s): For a selection of the datasets ingppesitory, offering a variety of challenges,
provide a description of the digitally encoded mfiation to be preserved, from the bit level to
the knowledge it conveys to its user community. Menot at this stage need very detailed
descriptions. In addition we need a brief desaiiof

o any special importance, or special unique quality

0 access restrictions

o what information/behaviour the data encodes

o how the data is stored

o how the required data is located and retrievedydicg DRM and Legal issues)

o what additional data, equipment or knowledge islegga to extract required
information/behaviour from the data.

3. Data Producer: A brief description of the grouglividual or institution that produced the
data set.

4. User Community: A description of the current usammunity and the characteristics of the
designated community for whom this data might leserved.

5. Current preservation plans
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A3 FULL QUESTIONNAIRE

This questionnaire works best if the focus is osirgle dataset - which may for example consist of
one or more files. Broader collections, which censif combinations of many simpler components,
may also be covered but the descriptions will bexwary complex.

For each dataset, details are required of (guigatids CASPAR architecture):
« ingestion into the repository
« access control
» knowledge/behaviour encoded

- domain specific virtual objects e.g. sound recagdimoving image, Earth observation image,
Solar Terrestrial Physics dataset - these can loe rfinam:

< generic virtual objects e.g. images, tables, setpgretc plus simple values
« binary encodings of the information
- storage mechanisms

and additional information about:

e production - description of the way in which théommnation is captured or created and how it
gets to the repository

« current use:
o finding aids
o software used to access the digital encodings
o software/mechanisms to use/perform the encodednafiion

For each of these broad headings we include sondampge of the intention and also some
guestions which are relevant. In addition some nmglete examples are provided using
Science and Performing Arts data.

1 What Information/Performance/Behaviour does your current user(s)
extract from this data and what needs preserving?

This is quite an open ended question but it isregdeo establish the nature of the informatiouyo
are attempting to preserve as this helps to defim& needs to be preserved. This definition doé¢s no
limit the potential information the archive is capmof providing, but rather helps define a minimum
level of information to be preserved.

Examples
Science data

» Electron density variation with height at the sfiedilocation and date/time. Combining data
from different dates/times allows one to calcuthgchanges in electron density profile with
time.

Performing Arts data

« Viewing the play - moving images with synchronisedind
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» Details of actors, production team etc etc

2 What information do you provide to a new data use and what support
do you give them during their use of the data?

This is to ascertain if there is any useful infotima would be given to a new data user to help
them get started using the data. More importaitlig also intended to "get at" the types of
information that are not written down but are tybig asked for and are needed by users (a
data FAQ) to produce results.

Inevitably there will always be information in theads of the people that run the archive that
is not written down, but would be useful to somerasoth now and in the future. This is also

assuming that the people that created and runrttéva are not around to help the "unborn

users", so in future they will not have the support

Typical Questions:

- Do you give out any training material that inforemaew user about using the
instruments/data/software?

« Do you provide any training days for new users thimrm users about the
instruments/data/software?

« Do you log support queries and answers?

« Can you think of any information that you or yootleagues know that would be useful to
new users that is not written down?

3 A clear definition for the information contained in the dataset

The definition of the data set must be sufficientlearly identify what information is being presed
and should if relevant include the authority orsang behind the assertion that the data is wieat t
producers e.g. the particle physical data came fe&RN a trusted provider or Video footage from a
BBC archive. Any factors that could to affect théerpretation of the data and therefore the quafity
information preserved should also be explored.

- What were the physical factors (e.g. hardwarefimsémtation/recording equipment etc)
involved in creating this data ? *If any of phyditactors in data creation e.g. calibration were
found to be false would an additional informatianrbquired for data reconstruction and is
this within the scope of your archive?

« What were the human factors involved in creating data (interpretations/sociological
factors/adopted schools of thought etc)? *If anhaan factors in data creation were found
to be corrupt would additional information be reqdifor data reconstruction and is this
within the scope of your archive?

«  What scientific/intellectual assumptions have bewe during the data creation or gathering
process that allow you to make the assertion teatiata is what you say it is? *If any the
assumptions in data creation were found to be pomwould additional information be
required for data reconstruction and is this witthi@ scope of your archive? *Who will be
responsible for monitoring these assumptions aned@onsible for any system changes?

« What external metadata, digital or non-digital rexlbe integrated with the base data?

Examples
Science data
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Measurement of electron density in the upper atimaspusing EISCAT

1.
2.
3.

6.
7.

What measurements were taken and when, and whithwere these measured in?
Which instruments, and instrumental settings, wiserl to make these measurements?

What processing, if any, has been done on thiselgtaalibrations of various kinds,
instrumental signatures removed etc. What unit@asseciated with the data.

How these instruments where calibrated?

What assumptions are made to allow you to corr@latestrument reading with a value for
electron density?

Any model or hypothesis used to remove anomal@s fieadings?

Reputation of transmitting and recording statign(s)

Performing Arts data
Recording of a performance of Shakespeare play

1.
2.

3.

What constitutes a performance?
What constitutes a record of a performance?
1. Sound/Video recording
1. Who or what organisation recorded the performance
2. What techniques did they use

3. What equipment was used 1 Critics Review (as ampbaof a record of a
performance)

4. Who paid/employed the critic

5. What was known about the critic e.g. where thep@an feminist, did they
belong to a known political party

6. Who was the intended audience or publisher of @wev

If sampled from a large set of information, howepresentative sample of performances
ensured?

4 How is the digitally encoded information ingestednto the repository

Where does it come from? How is this verified?

How is it packaged?

For one dataset, how many "files" does it condit o

Is the data transformed in any way?

Is information added (e.g. additional metadatarezices etc)?

Data volume (of the particular collection and egdmule, i.e. file, of the data) and the rate at
which it arrives
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Examples
Science data
STP examples

The data is collected daily by FTP from remotessitasing agreed usernames and passwords.
The data is checked for validity i.e. can be reathle appropriate software.

The data collected is a single file which is theadaollected in one day.

The name of the file is made up from the date &ad sme of the data collection.

The data is a text file, containing columns of textl numbers, which is renamed and placed
in a directory which corresponds to calendar yeay. (xxxx/collection-name/2006/site-
startdata-starttimezzz.data).

The way in which the data and time are encodelarfitename is not documented but is
defined in the ingest software. In the date and stae are in UTC.

An additional file named "collection-name.chp" cins additional metadata including the
names, types, units etc, of the columns in thefilextRepository access software has encoded
within it the relationship between "collection-naoig" and the data file.

Performing Arts data

TBD

5 How is the required data currently located and acessed?

What information do current users need/possesatoats them to locate the data which
provides them with information that they are segRin

What search and retrieval software do they utiliserder to do this?

What additional stored data does this softwaréesail

How will the designated community maintain awarsnasthe information’s existence?

Are there measures to preserve the access softmdrany hardware it depends on?

Does the access software utilise any supplemedtdsy e.g. an index database, a thesaurus?
Can the software that provides physical accedsatalata store be preserved?

If the software/hardware were not preserved, wdlle possible to perform manual search
and retrieval? Is there sufficient documentatiopriable this?

Is the data used by the user a bit-copy of the lakihin the archive or might it be created
"on-the-fly"?

How is the data packed for delivery to the user?

What is the current rate at which this data isaeted from the repository?

Examples
Science data
lonosphere Example:
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The ability to search and retrieve data by timepinate or by variation pattern ( ie detect
standard patterns of variation in thickness of gpiere).

- the user can ask for data from an arbitrary tinberual, even though the data is stored in files,
each of which has the data for one whole day.

o the repository software extracts data from thevesiefiles and creates a single output
file (in CDF 2.7 format using the Cluster-STP centions, and this is embodied in
the software). The file is emailed to the user.

Performing Arts data
Shakespeare Performance example

Key word searching, use of proximity operators, afestandardised subject headings e.g.
library of congress and thesaurus e.g. mappingtioél® to “the Moor”.

6 Are there any access restrictions?

« Are there any restrictions on whom or how you cegeas or use your data?
« What are there reasons for these restrictions?

« Who or what imposes them?

« Are these restrictions likely to change over time?

« What are your current security requirements?

« What or who needs to monitor evolving access rightegal issues?

«  Who will be responsible for any system changeqBuee correct access is maintained?

Examples
Science data

Only individuals from countires which are membefshe EISCAT consortium are allowed access to
the data; this restriction is imposed by fundingibs.

Performing Arts data
Shakespeare Performance Example

Copyright restriction and cross border intellector@perty concerns.

7 ldentify common "domain objects" currently used
For example, special types of images, lists etc.

*Can you provide a comprehensive listing and debni of all separate data entities (most
granular type of data held within file) containedhan the file? *Can you fully describe any
entity relationships?

« How does current software extract and instanttadsd entities and their relationships

« Can you provide a complete list of data procesfingtions the software performs e.g.

comparison of data objects?
&
L 4 2 4
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What hardware dependencies does this software have?

Can this software be preserved?
If the software were to become unusable, coulfliiistions be reconstructed from the
technical specifications of the file format, theadantity definitions and their relationships? If

not, what further information would be requireddmthis?

Examples
Science data

lonosphere Example
visual 3 dimensional models of the lonosphere whialves over time

tables of data which always have TIME or EPOCHras af the columns

multi-dimensional images where all the componebBtitaages contain data from the same
time and location but each one corresponds to @fgpeavelength of light

Performing Arts data
Performance for Shakespeare Example
« nothing discipline specific

8 Are these objects special cases of simpler objget
For example is the special types of image madef ag'simple” image plus additional simple objects?

Examples
Science data

lonosphere Example
simple tables of data i.e. essentially columnsurhbers and text

2-dimensional images

Performing Arts data
Performance for Shakespeare Example

- images

+ text
moving images i.e. individual images which shoutddisplayed sequentially after a specified

interval of time, accompanied by a synchroniseddtack.

9 What information is required to reconstruct the information objects or
reproduce the performance or duplicate the requiredoehaviour?

This aims at capturing fairly high level, geneRé&presentation Information.
If any factors assumed in the data creation wanaddo be erroneous, would additional
information be required for data reconstructiord anthis within the scope of your archive?
Such factors might be physical (e.g. calibratidw)nan, or scientific (e.g. theoretical

assumptions).
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Is anyone identified as responsible for monitotimgse factors and initiating any changes
required as a result?

What external digital resources does the user tefer
What external non digital resources (i.e. books/afilen) refer to?
What external bodies/organisation does a user tefer

What is the knowledge base and skill set of curueet that allows them to extract
information from the data instance?

How do your current users acquire the knowledge basl skill set which allows them to
interpret the encoded information and what aregthes

What knowledge or skills gap might arise betweendiwrrent user group and the designated
user community?

What effect would such a gap have upon the intéaposm of the stored data, and on the
ability to process it further?

Is anyone identified as responsible for monitotimg community knowledge base and
initiating changes as needed?

Is there any software used in conjunction withré@resentation information? Can this
representation software be preserved?

If the representation software were to become Wwlaseould its functions be reconstructed
from the technical specifications of the file fotnide data entity definitions and their
relationships? If not, what further information vidire required to do this?

What effect would the permanent loss of such regmtagion have upon the interpretation of
the stored data?

Examples
Science data
lonosphere Example

Co-ordinates system or maps.
Text book on atmospheric physics
British Meteorological Office Data
Definition of data format and

Extracted data entities might be lower boundarglteiupper boundary height , for each these
a relationship which maps them to following valf@sco-ordinates latitude longitude and
time.

Performing Arts data
Shakespeare Performance Example

Contemporary Shakespeare texts

First Folio Editions
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«  Prompt books

« Explanatory text on prompt book notation

« Relevant Journal Article

« Newspaper Articles from Time of performance

- Extracted entities may by HSB values for a pixedlepco-ordinates with frame resolution and
frame rate which allow you to reconstruct a movingge.

10 Structure Representation Information — (non meda dependent
encoding)
Closely connected with single file formats, bubalscludes complex inter-related collections aédil

« Provide a list of file format(s) in which the dételd

« What are the technical specifications of this/tHdedormat(s)? The information derived
from the technical specification should be sufiitito extract data values and assign them to
the appropriate identifiable data entities from bieary data held in file (see TIFF technical
specification below for example).
http://partners.adobe.com/public/developer/enftifF6.pdf

o Byte Structure of field e.g. depth of header or lpmsitions of data fields are
indicated.

o How field or data sections lengths are definedialgg

o Encoding of information within fields e.g. ASCIl dmow the type of encoding for a
specified field is identified.

o Compression employed and sufficient informatiodégompress
o Any integrity checking that may aid in file reconsttion if file partial damaged?
« Specify any packaging connecting various sepa@tonents together

« XML Schema - specifies structure of an XML file

Examples

Science data

If the file format was Fits you could refer to tfilowing site http://fits.gsfc.nasa.gowvhich contains
references to other sites containing the papergiday) the various variations of FITS.

Shakespeare Performance Example

If the performance was recorded on the DVD in MPEG2format
http://www.chiariglione.org/MPEG/standards/mpeg-gén-2.htm

11 Semantic Representation Information — (tend to & non structure
dependent)

« Provide a comprehensive listing and definitionlbaparate data entities (most granular type
of data held within file) contained within the file
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Fully describe any entity relationships

Additional information which accompanies an XML eat| to explain the meaning of the

tags and the semantic relationship between theegienof the XML file.

Examples
Science data

Data dictionary providing the meaning of keywordsiFITS file header
Ontology connected with Solar Terrestrial Physiatad

paper defining the VOTable format

Performing Arts data

Performing arts ontology?

12 How is the data physically stored?

How many independent off-site copies are there?
Is the data fundamentally random access or se@lectess in nature?

What is the physical media upon which the dat#éoised e.g. CD, SDLT tape? Is this likely to
change in the next 5 years?

o Can you provide any relevant technical specificatiod physical description of how
this information is mechanically transferred orfte storage media?

Was there any media specific encoding employedialte file was written to the physical
media?

o Can you provide decoding instruction which allow fte to be reconstructed?

o Has any integrity checking mechanism been allowkithwwill assist in file
reconstruction?

o Is any metadata physically recorded along withfithe e.g. time stamps or id of
machine writing to the media

What is the volume of data held?
How will the integrity of the data store be maintd?

o What is the expected bit-error rate (corrected d@rnmhssible also the uncorrected rate)
What disaster recovery procedures need to be plaae?

What relevant daa policies are there in placeefample number of off-site copies, frequency
of tape retensioning etc?

What is the storage medium current lifetime?

Examples
Science data
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lonosphere Example:

« The "bits” of information may be serially recorded to magnetic tape in the Atlas Data store
in CCLRC.

« Individual files are combined into a "Virtual Tape"

Performing Arts data
Shakespeare performance: The bits of informatioy lpeastored on a DVD (what sort?)

13 Are there any additional preservation requiremets?

« Are there any preservation requirements on thesdatmposed by governments, institutional
policies etc?

« Does your institution have any specialist preséowadr long term access requirement or
standards that must be adhered to? If so pleaa#. det

« If an archival copy of the data store was createdlavthese restrictions still apply?
Persistent Preservation Infrastructure

» Key store
« Registry
« Directory services

« Tools

Questions based on Components

Costs

Costs for preserving the information.

Existing tools

Existing systems: h/w and s/w

Info access requirements e.g. queries/browing etc
Risks/obsolescence

Timescales

« Funding horizon i.e. for how many years is the s#fpoy funded?

Other

What are the objectives of preservation for you?

in terms of : duration scope exploitation For idiside, it can be reperformance of the work
What do they do for preservation now?

What help would they like in their preservation efort?

Legal requirements

What do they want from “preservation”

Who are the users of the preserved information? Whiis their knowledge base?

14 Digital Rights Management requirements
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What is the current approach your organization is bllowing concerning digital rights?

This question aims to clarify what are the concrtéons your organization is currently
taking in respect of digital rights. It is esseht@verify what and how is recorded about the
digital content you will preserve in Caspar.

Examples:
« Your organization maintains a list of rights avhitafor any digital content item
« Your organization just keeps a list of authors

« There’s a general institution-author copyright agnent

What kind of copyright information are you currently keeping? What copyright-related
information would you like to keep and preserve irthe future?

Examples:
« Copyright holder’s personal data
« Contact information for rights clearance
« Copyright history
« Records for any transaction concerning the content
- Statement of rights available over the contenarr institution

- Statement of rights over the content that youitutsbn is allowed to transfer to third parties
Do you currently keep an electronic record of digial rights?

Example:
« The institution keeps a record as a spreadshegabase
« The rights are embedded into the content physicdigital manifestations

« The rights are separately kept and linked to thetert via identifiers
Under which legal framework for copyright and licensing are you currently operating?

Example: This may be common copyright law, inteoral copyright laws, specific trade
agreements, public content licenses, EU regulatiexmd so on.

Is your organization the copyright owner of the cotent you are going to preserve or are you
collecting content belonging to different copyrightowners?

Examples: Content is produced and collected dirdmyl your organization. Therefore any usage is
only subject on your organization policies and tations.

If your organization holds the rights for the content to be preserved, which are the conditions
you're applying for public / restricted / personalaccess to such content?

Example:

« The content is available for free to the generdlipuif an attribution of your copyright
statement is kept in every copy of the content.

« Content is available under payment of a fee, arbsaiption
IST-2006-033572 PUBLIC  122/123

69



Date:21-Dec-2006 D4101 User Requirements and See&mecifications
Project: CASPAR
Doc. Identifier: CASPAR-D4101-SCEN-0101-1_0

CASp, 4@

¢

« Content cannot be re-distributed

« Content is licensed under a Creative Commons lingrscheme

Do you have any formal authorization from copyright holders for the distribution of digital
content under their copyright? If so, do you have apecific agreement on terms for what your
are allowed to distribute and for which purposes?

Example: The copyright owner signs a form statiogryorganization is allowed to distribute their
content for a fee under the payment of a royalty

Do you have any formal authorization from copyright holders for the preservation of digital
content under their copyright? Is content adaptatim or transformation for preservation
purposes allowed under this agreement?

Example: The copyright owner signs a form statimgiryorganization is free to do whatever is
necessary to preserve their content

How is your organization planning to give access tthe preserved content? Which cost model
are you going to apply? Is there any institution-spcific regulation about this?

Example:
« Your organization policies state that you cannotipce any profit from the content
« There’s a fixed pricing model, to cover preservatosts

« An ad-hoc pricing scheme is used depending ondhstbmer” needs

Do you perform rights clearance?

Example: Do you currently ask permission to theycght holders (within your institution, or
external) every time you want to distribute confefih an on-demand fashion)

Is your content encrypted or using some kind of cop protection mechanism? Are you allowed
and able to remove such mechanism?

Example:
« Audio files may be encrypted using formats suciasdows Media, Mp3 pro, DVD-Audio

« A DVD contains encryption technology which does akdw copying or using on DVD
players purchased in other countries. If you agecthpyright holder such limitation may be
removed using appropriate software.

- Content is available in source or raw format, s@nocryption or copy protection mechanism
is present

A self-contained version of the Questionnaire isilable at the CASPAR public web site (see
http://www.casparpreserves.eu/Members/cclrc/Ret®mB®ncuments/caspar-test-case-
questionnaire/at download/f)le

" http://public.ccsds.org/publications/archive/650%(pdf
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