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Preservation of research

Process preservation

= Process Context model to describe processes

Use Case example: music classification experiment

Conclusions
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= Long-term access to research publications desired

= Storage, understandability of data format sufficiently
addressed today

= Today's research often based on experiments
= Huge amounts of data (Big Data, Fourth Paradigm)

= Often complex steps of preprocessing, transformation and
analysis

= Verification, Comparability, Repeatability, ...

= Publication is often only the last step in the research process
— preservation needs to go beyond the document
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= Comparability: often tackled through benchmark
environments, using a standard data set and evaluation
measure (campaigns such as TREC, CLEF, MIREX, ...)

= Repeatability: Documentation of experiment environment,
publication of source code developed, ...

= Complexity of processes: can be tackled by using (scientific)
workflow engines such (Taverna, Kepler, ...)

= Allow exact definition of steps executed, configuration
employed, data input and output, ...

= Facilitates repeatability
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= Some aspects beyond the control of workflow engines
= Computing environment outside the engine

= Hardware, operating system, software packages
installed can all have an effect on the results

= Changes might occur without initiative and notification
to the researcher (e.g. software updates)

= Use of external services becoming more popular

= Web services providing specialised computation, e.g.
frequently used in the Bio-informatics domain

= May become unavailable, change their interface,
behaviour, ...
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= Preserving repeatability of processes emerging topic in
Digital Preservation Research (e.g. projects TIMBUS,
Workflows4ever, ...)

= Goal: allow re-execution of the complete process at a later
stage, when e.g. changes in the technology render the
original process obsolete
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= What needs to be captured at ingest?
= Need to go beyond single files (and their metadata)

= Up to complete computer systems, including additional
documents needed to understand & operate process

= How do these digital objects need to be described?
= Need to characterise several aspects of the process
= From a top-level: organisational parameters

= Down to technical description of systems, including
hardware, operating systems, software, third-party
libraries and services.
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= Which preservation actions are applicable?

= Combination of several different preservation actions,
such as migration of specifications and documents, code
migration/cross-compilation, or emulation of hardware or
software utilised in the process.

= How can a preserved process be verified and evaluated?

= Need to ensure that the execution of the (modified)
process at a later stage is equivalent to the original
process
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= Scientific experiment from the machine learning/information
retrieval domain

= (Classification of music into predefined set of genres

= Learns a machine-learning model from given training data
(i.e. data with manually assigned class/genre)

= Predicts genre for previously unseen data

= Useful e.g. for online music store, recommendation services,
etc.
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= |nput:
= Music (e.g. MP3 format)
= Ground truth/gold standard
= Qutput: Classification of music, e.g. into genres
= |ntermediate steps
= Extract numeric description (features) from music

= Format conversions (feature extractor output to
classification software input)
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Music Classification: Aspects

= Software environment including configuration (machine
learning software, operating system)

= External services: feature extraction, ground truth, ...
= Hardware (e.g. computation on GPUs)

= Licenses & access keys

= Experiment parameters

= |nput data, intermediate data created in the process
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= Allows to systematically capture aspects of processes which
are essential for preservation and re-execution

= Model in the form of an Ontology
= Elements organised in a hierarchy
= Models relations between elements (e.g. dependencies)

= Captures aspects diverse aspects such

= Qrganisations, people, roles, legal requirements, ...
= Software, hardware, external systems, ...
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= Similar to Representation Information Networks, but
extended to capture process context

= Derived via top-down and bottom-up approach
= Used enterprise frameworks such as ZACHMAN
= Used existing taxonomies, such as PREMIS
= Derived from scenarios developed by project partners

= Intellectual property rights, data analysis, software
escrow, multimedia services, ...
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= For a specific process to be preserved, an instance of this
model is created

= Creating individuals relevant to the process

= |Instance depends on nature of the process — e.qg.
technical focus in music classification example

= Semi-automatic approach
= Capturing tools provide some aspects automatically

= Knowledge from experts (e.g. process owners) needs to
be added manually
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= Software setup can be automatically detected in OS with
software packages (e.g. Linux); allows detection of licenses

¢

GNU Lesser General
Public License
(LGPL) 2.1

OpenSourceSoftnareLicenEe

license

Common Public

€ License(CP

- Lo
OpenSourceSoftwarelicence

A
©

& Graphviz
»Software

& Taverna

“aSoftware

%

GNU General
# Public License
(GPL) 2.0

'OpenSourceSoftwarelicence

@
2
2
&

WEKA Machine
Learning Toolkit
Software

WIS

Software

@ Java Virtual Machine

& Java SOMToolbox

Software

be
\N
Ce

* Oracle Binary
Code License
»Softwarelicence

& Apache License 2.0
OpenSourceSoftwarelicence




E Music Classification: Context Model SeCure

VIENNA sba-research.or i

010100010 ENGINEERING

4 PreservationGoal * LaTeX (Master Commen Public 4 JANUS RDF FORMAT RDF Format
requirement T eAgentGoal document) ¢ License (CP eDataFormat
“DataFormat L) 1.0
a0penSourceSoftwarelicence

e £
5 15
$ * MusicClassification * MusicClassification SN Ganeral
Process Publication @ Public License
Y SecureBusiness aProcess sDocumentation (GPL) 2.0
Austri «0OpenSourceSoftwareLicence
ustria

«0rganization

ekeruﬁc
NE;
f?v;r‘)nmg & Tavermnalogs Classification Acrobat PDF 1.4
y e AccuracyResult - Portable
& aSoftwarelog —__AccuracyResut D it
7 GNU Lesser General or s acumel 4 o
¢ Classification #®  FPublicLicense licen! # Taverna cred T eDastaFormat
AccuracyGoal (LGPL) 21 *Software . DetailedClassification
sAgentGoal #0penSourceSoftwarelicence Output
ScientificE xcellene - @SoftwareOutputData 5
“0rganizationGoal 7’ Vienna S
s aGeolocati location S
- - eolocation & DesktopComputer -
¢ MusicDataProvider T aHardvare 5 & WEKA Manual
S pecification _—
Ty e #SoftvareDocumentation
aSoftwareSpecification 1ectPry
- - PE"ty # Intelx64 & Taverna Manual
» MusicD ataProvider AutherticationKey AudioF eature aProcessor SoftwareDocumentatic 'WEKA Machine
Operator c gentCredentials & ExtractionService aBofwereiocumantation * Learning Toolkit
sPerson =] UsageTerms #Software
ol sUsageTerms
R b ¢ Uburtu Oneirc
Loy & T _wilodxes @ WEKAPaairas
”90 % #0peratingSystem eSoftwareConfiguration

S MusicD ataP rovider

uses Service ¢ FeatureExtraction

AudioF eature
atent *

# MusicDataF etcher
aSoftware
#RemoteService — T ExtractionOperator
aPatent o) “Person
Creative Commons %\ S ons
¢ Attribution- ‘on ¢ _AudioFeature

ShareAlike 3.0
sLicense

k)
Q
[
)
Q,
2

'Y Oracle Binary
Code License
@Softwarelicence

ExtractionService
{(s] “RESTService

ElL £ Cri
e i 63T 3
MusicD ataP rovider AudioF eature B g, -
#®  ServiceUsage ¢ E xtractionSpecification =3 T % Fetaeiatomon # Apache License 2.0
Terms aSoftwareSpecification E ¥ TeErEVectorouvS @0penSourceSoftwarelicence

& eSoftwareintermediateData

sUsageTerms B
=3

* AudioF eature
ExtractionP arameters

¢ Festurevector
aSoftwareConfiguration

FormatConverter
=Software

& Specification ARFF
“SofwareSpecification

* GroundTruthService

¢ GroundTruthProvider -UUsangerms -

+ MPE\_G UZ:udro _~  Operator sageTerms g

e #Person 3
eDataFormat

# GroundTruthSOMLib
eSoftwarelntermediateData

& Hypertext Markup
Language
#DataFormat

=
GSponS, Y
¢ GroundTrthservice €Q

Specification e specification | 4 GroundTnahService

«SoftwareSpecification 4RemoteService

TIMBUS

" s m E E o omomoEEoEEoEoEE N EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE TIMELESS BUSINESS @ ® ®




n Preservation Actions >ecure

sba-research.org

NNNNNNNNNN

= Early stage of research
= Likely a combination of existing approaches

= Documents needed in the process can be migrated or
viewed via emulation software

= Software and hardware can be emulated
= External services are difficult

= Simulation via mock-up services, for deterministic
cases

= Virtualisation to allow archival of modified systems
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= Need to verify that the process execution is the same as
before

= Need to define points of measurement as significant
properties that can be compared

= Causal relationships and information flow as significant
property
= Music classification example: significant properties are the
iInput and output data, as well as the data exchanged

between intermediate steps
= Captured in workflow systems as provenance data
= Capturing more difficult in less formalised executions
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= External services and third party libraries: how to detect
changes?

= Monitoring necessary, via watch service

= Comparison of intermediate results in previously
recorded executions and current executions
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Challenges of preserving scientific processes
- More than just the publication
- Complex service orchestration
- Complex software environment; libraries, external services, ...

= Context model to capture and describe processes

= Preservation actions: combination of existing approaches

Later verification and re-execution is a crucial task
- Capturing is not enough, validation is required
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Thank you for your attention!

Contact:
rmayer@sba-research.at
www.ifs.tuwien.ac.at/~mayer/



