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=  Why should we want to cite data?

=  What identifier system should | use?

= What are the challenges in data identification and citation?

= How should we do it, according to the RDA WG?

= Who is doing it so far, and how?

=  Summary
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Why to cite data?

H 8

= Data is the basis for almost everything

- eScience, digital humanities,
- Industry 4.0
- Driving policies, society, ...

= Why should we cite data?
- Prevent scientific misconduct (“extrinsic”) ?
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n Prevent Scientific Misconduct

* On average: ~ 2% of
scientists admitted they had

"fabricated" (made Up), £ OPENACCESS B PEER-REVIEWED 99,322 114 112 382
"falsified" or "altered" data to e AL O e I~
“improve the outcome” at How Many Scientists Fabricate and Falsify Research? A Systematic Review
least once. and Meta-Analysis of Survey Data

* 34% admitted to other Dariele Fancll Bl

&«

present data that contradict
one's own previous research”

questionable research Artcle About he Authors e Related Content
practices including "failing to [erime | share |

' 1 [ Comments
I

and "dropping observations ] i
or data points from analyses FRERLL = Postod by

PLoS_ONE_Group

H [N ]
based on a gut feeling that
they were inaccurate." o TTs o posa by
Interestingly enough...
* 14% knew someone who had  , ... Abstroct Posted by SQLserver
fabricated, falsified or altered =~ nacten
Methods The frequency with which scientists fabricate and falsify data, or commit other forms of
data . Results scientific misconduct is a matter of controversy. Many surveys have asked scientists directly
0 Di . whether they have committed or know of a colleague who committed research misconduct, but
® U p tO 72 /0 kn eW Someone scussion their results appeared difficult to compare and synthesize. This is the first meta-analysis of
. Supporting Information these surveys.
WhO had Comm |tted Other Acknowledgments
. o To standardize outcomes, the number of respondents who recalled at least one incident of
q ueshonable researCh Author Contributions misconduct was calculated for each question, and the analysis was limited to behaviours that
. References distort scientific knowledge: fabrication, falsification, “cooking” of data. etc... Survey questions
prachces . on plagiarism and other forms of professional misconduct were excluded. The final sample
consisted of 21 surveys that were included in the systematic review, and 18 in the
Reader Comments (4) meta-analysis.

Source: http://www.plosone.org,
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n Prevent Scientific Misconduct

On average: ~ 2% of
scientists admitted they had
"fabricated" (made up),
"falsified" or "altered" data to
"improve the outcome" at
least once.

34% admitted to other
questionable research
practices including "failing to
present data that contradict
one's own previous research”
and "dropping observations
or data points from analyses
based on a gut feeling that
they were inaccurate."

14% knew someone who had
fabricated, falsified or altered
data.

Up to 72% knew someone
who had committed other
questionable research
practices.

99,322 114 112 382

ACADEMIC SOCIAL
BOOKMARKS SHARES

3 OPEN ACCESS E PEER-REVIEWED

VIEWS CITATIONS

esearch? A Systematic Review

.

RESEARCH ARTICLE

Daniele Fanelli

Article About the Ay

Comments

&«

Media Coverage of This
Article

Posted by
PLoS_ONE_Group

Lots of data fakers

Hide Figures - Posted by Azzy

Interestingly enough...

Posted by SQlLserver

+ Abstract
Introduction

Methods e frequency with which scientists fabricate and falsify data, or commit other forms of

scientific misconduct is a matter of controversy. Many surveys have asked scientists directly
whether they have committed or know of a colleague who committed research misconduct, but
their results appeared difficult to compare and synthesize. This is the first meta-analysis of
these surveys.

Results

To standardize outcomes, the number of respondents who recalled at least one incident of
misconduct was calculated for each question, and the analysis was limited to behaviours that
distort scientific knowledge: fabrication, falsification, “cooking” of data. etc... Survey questions
on plagiarism and other forms of professional misconduct were excluded. The final sample
consisted of 21 surveys that were included in the systematic review, and 18 in the

Reader Comments (4) meta-analysis.

Source: http://www.plosone.org,
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H 8

= Data is the basis for almost everything

- eScience, digital humanities,
- Industry 4.0
- Driving policies, society, ...

= Why should we cite data?

Why to cite data?

- Prevent scientific misconduct (“extrinsic”) ? ;

- Give credit (“altruistic”) ?
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= Prime motivator for sharing data

= Shared data gets cited more frequently
= Citations are the currency of science

Audio & Vid

w Take the Nature Publishing Group survey for the chance to win a MacBook Alr

SPECIALS ¥| See all specials

DATA SHARIN

Sharing data Is good. But sharing your own data? That can g plicated. As two research
communities who held meetings in May on the issue report their proposals to promote data
sharing in biology, a special issue of Nature examines the cultural and technical hurdles that can
get in the way of good intentions.

¥ Editorial ¥ Elsewhere in Nature

Giving credit

w Find out more | [x]

#setVariable("Stype”, $nPage.sidebarType)
Journal home Subscribe
Current issue E-alert sign up

For authors @ RSSfeed

Selected feature

Six red flags for suspect work
C. Glenn Begley explains how to recognize the
preclinical papers in which the data won't stand up.

See complete feature

Science jobs from naturejobs

Faculty Positions
Council of Scientific and Industrial Research -
Indian Institute of Toxicology Research (CSIR-IITR)
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Giving credit

|
I
WIEN

= Prime motivator for sharing dg
= Shared data gets cited more
= Citations are the currency y

nature.

1 weekly journa

or Aut

DATA SHARING

Sharing data is good. But sharing

communities who held meetings in
sharing in biclogy. a special issue,

get in the way of good intentiong,

nplicated. As two research
roposals to promote data
ature examines the cultural and technical hurdles that can

¥ Editorial nl-m ¥ Elsewhere in Nature

#sefVariable("Stype”, SnPage sidebarType)

W Find out more

Journal home Subscribe

Current Issue E-alert sign up

For authors

M RSSfeed

Selected feature

Six red flags for suspect work
C. Glenn Begley explains how to recognize the
preclinical papers in which the data won't stand up.

See complete feature

Sclence jobs from naturejobs

Faculty Positions
Council of Scientific and Industrial Research -
Indian Institute of Toxicology Research (CSIR-IITR)
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H 8

= Data is the basis for almost everything

- eScience, digital humanities,
- Industry 4.0
- Driving policies, society, ...

= Why should we cite data?

Why to cite data?

- Prevent Scientific misconduct (“extrinsic”) ? ;

- Give credit (“altruistic”) ?
- Show solid basis (“egoistic”) ?

IS

FACULTY OF

INFORMATICS



H 8

Citing to give credit

Why do we cite papers? (“related work”)
= Fundamental basis for own work — foundation!

= No need to prove -it's been done!
= Speed-up the process, efficiency
= Basis for discourse, scientific work, ...

IS

"If | have seen further, it
has been by standing on
the shoulders of giants."

Sir Isaac

Newton
1643-1727
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H 8

= Data is the basis for almost everything

- eScience, digital humanities,
- Industry 4.0
- Driving policies, society, ...

Why to cite data?

= Why should we cite data?

Prevent Scientific misconduct (“extrinsic”) ? ;

Give credit (“altruistic™) ? }?

Show solid basis (“egoistic”) ?

Enable reproducibility, re-use (extrinsic + altruistic + egoistic) ?
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= Reproducibility is
scientific method

Reproducibility

core to the

= Focus not on misconduct —
but on complexity and the will to

produce good wo

= Should be easy

- Get the code, compile, run, ...

- Why is it difficult?

rk

NORMAL
PERSON

T GUESs T
SHOULDNT DO THAT

IS

SCIENTIST

I WONDER |F
THAT HAFPENS EVERY

https://xkcd.com/242/
FACULTY OF 'NFORMATICS




n Challenges in Reproducibility

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0038234

@.PLOS ‘ ONE Articles | For Authors | About Us Search Q

advanced search

& OPEN ACCESS B PEER-REVIEWED 68,919 10 124
The Effects of FreeSurfer Version, Workstation Type, and Macintosh

Operating System Version on Anatomical Volume and Cortical
Thickness Measurements

Ed H. B. M. Gronenschild El. Petra Habets, Heidi | L. Jacobs, Ron Mengelers, Nico Rozendaal, Jim van Os, Machteld Marcelis

Article About the Authors Comments Related Content

b
Show Figures v
i Comments
b Abstract
_ Abstract _
Introduction In praise of prog| s
3 Posted by GedR
Materizls and Methods FreeSurfer is a popular software package to measure cortical thickness and volume of 5 i sl ol
Results neuroanatomical structures. However, little if any is known about measurement reliability ledia COVErage mmwmm e
B ot across various data processing conditions. Using a set of 30 anatomical T1-weighted 3T MRI Article -

: : scans, we investigated the effects of data processing variables such as FreeSurfer version EESSGC?P:E Bl e
Supporting Information (vd.3.1, vd 5.0, and v5.0.0), workstation (Macintosh and Hewlett-Packard). and Macintosh e slS” Pl ol b
Acknowledgments operating system version (OSX 10.5 and OSX 10.6). Significant differences were revealed Comments mag i b E e —
Aithor Cortributions between FreeSurferversmn v6.0.0 and the two earlier versions. These differences were on authors Bl

average 6.846.6% (range 1.3-64.0%) (volume) and 2.841.3% (1.1-7.7%) (cortical thickness). Posted by EAGr( N

References

About a factor two smaller differences were detected between Macintosh and Hewlett-Packard
workstations and between OSX 10.5 and OSX 10.6. The observed differences are similar in
magnitude as effect sizes reported in accuracy evaluations and neurodegenerative studies

Reader Comments (5)

Figures The main conclusion is that in the context of an ongoing study, users are discouraged to
update to a new major release of either FreeSurfer or operating system or to switch to a
different type of workstation without repeating the analysis: results thus give a guantitative
support to successive recommendations stated by FreeSurfer developers over the years.
Moreover, in view of the large and significant cross-version differences, it is concluded that
formal assessment of the accuracy of FreeSurfer is desirable.
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n Challenges in Reproducibility

= Excursion: Scientific Processes
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A%  Challenges in Reproducibility

WIEN

= Excursion: scientific processes

set1 freq440Hz_Am11.0Hz

set1 freq440Hz_AmO05.5Hz

Java Matlab
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T Challenges in Reproducibility

WIEN

= Excursion: Scientific Processes

Datei Bearbeften Anzaig:a ‘.Ff_nsf:er Hiffe Datei  Bearbeiten Amig; ‘.Fe_nsber Hilfe
Tl rstellen ~ | [ gE| eeczBDL - Teeten- [ E S| @
IE'! 18 | Ed Werkzeuge Kommentar Freigeben g

Datei  Bearbeiten Anzsige .Fe_nster Hitfe
T2l Erstallen ~ |@ = EI| L,-’:D‘Eé [ =

b - . i -
7 i 5 o —— : Z
Datei Bearbeiten Anzeige Fenster Hilfe ; i cam s || 4 | £20 | S12% |~ | ¥ Werkzeuge : Kommentar - Freigeben
E'r Erstellen | @ @ E | = £y ...-. e " 1
.

Glo|[ms] ] Wedsege Ereraet = - N N )
Bug?

Psychoacoustic transformation tables?
Forgetting a transformation?

Different implementation of filters?
Limited accuracy of calculation?
Difference in FFT implementation?

Content-based

g .
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stisart b e dinadl i b Akt seEm e




=  \Workflows

Taverna

» Activiti  Keplersz-,_
< i

o

n Challenges in Reproducibility

. Workflow input ports

Time || Location | A\ -

GetWeatherData f

ExtractWeatherType

ExtractTemperature

a

PN

MakeDecision Visualise Temperature

.
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n Challenges in Reproducibility

Temperature

Temperature in 322690

18

15

14
12

—
=]

T S U - B SN L S W, .Y

322690
Location

Temperature

Temperature in 322690

17.54

15.04

1254

10.04

7.5

5.0

2.5

0.0

-2.5

-5.01

-7.5

IS

3226590
Location
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= Large scale quantitative analysis experiment
= Obtain workflows from MyExperiments.org
- March 2015: almost 2.700 WFs (approx. 300-400/year)
- Focus on Taverna 2 WFs: 1.443 WFs
- Published by authors =» should be ,better quality”

= Try to re-execute the workflows
- Record data on the reasons for failure along

= Analyse the most common reasons for failures

500 Workflow %
450 Engine

:052 Taverna 2 54.7
300 Taverna 1 20.9
2: I RapidMiner 10.0
150 Galaxy 2.0
o I Others 12.4
B — .

2007 2008 2009 2010 2011 2012 2013 2014 2015 I f s FAC U LTY D F ! N F 0 R MAT I C S

Challenges in Reproducibility

3




H 8

Re-Execution results

= Maijority of workflows fails

= Only 23.6 % are
successfully executed

- No analysis yet on
correctness of results...

REST unavailable

REST unauthenticated 5
Other unauthenticated 40
Missing Resources 14
Tool unavailable 19

Challenges in Reproducibility

Processor m

Original Data Set 1443
- Missing input values 526
- Disabled processors (WSDL services) 180
- Not executable in test environment 6

Final Data Set

m

Not terminated >48hours

Execution failed 384 52.5

Execution successful 341 46.6

Rudolf Mayer, Andreas Rauber, “A Quantitative Study on
the Re-executability of Publicly Shared Scientific
Workflows”, 11th IEEE Intl. Conference on e-Science, 2015.
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n TU Challenges in Reproducibility

WIEN

= 613 papers in 8 ACM conferences

= Process
- download paper and classify

- search for a link to code (paper, web, email twice)

- download code
- build and execute e

74

Hard-
ware
24

Christian Collberg and Todd Proebsting. “Repeatability in
Computer Systems Research,” CACM 59(3):62-69.2016
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Reproducibility — solved! (?)

Provide source code, parameters, data, .

= Wrap it up in a container/virtual machine, ...

& D 0

dOC ker LXC vmware

= Why do we want reproducibility?

= Which levels or reproducibility are there?
= What do we gain by different levels of reproducibility?

= A simple “re-run” is usually not enough
— otherwise, video would be sufficient....

1£S| FacuLTY OF 'NFORMATICS
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= The PRIMAD Model': which attributes can we “prime”?
- Data
- Parameters
* Input data
Platform
Implementation
Method
Research Objective
Actors

= What do we gain by “priming” one or the other?

[1] Juliana Freire, Norbert Fuhr, and Andreas Rauber. Reproducibility of Data-Oriented
Experiments in eScience. Dagstuhl Reports, 6(1), 2016.

Types of Reproducibility

1£S| FacuLTY OF 'NFORMATICS




n IAY]  Types of Reproducibility and Gains

Data U3 A
o] o| = |2 @
N
ARARAE 2
S5 glE ¢
7 Q|5 a
=
@
Repeat - - - - - - Determinism
Param. Sweep x - - - - - Robustness / Sensitivity
Generalize x) X - - - - Applicability across different settings
Port - | - X - - - Portability across platforms, flexibility
Re-code y Correctness of implementation,
N B flexibility, adoption, efficiency
Validate Correctness of hypothesis, validation via
x) x) x) x) X -

different approach

Re-use Apply code in different settings,
I R Re-purpose

Independent x Sufficiency of information, independent
(orthogonal) verification



Reproducibility Papers

H 8

= Aim for reproducibility: for one’s own sake — and as Chairs of
conference tracks, editor, reviewer, supervisor, ...

- Review of reproducibility of submitted work (material provided)
- Encouraging reproducibility studies
- (Messages to stakeholders in Dagstuhl Report)

= Consistency of results, not identity!

= Reproducibility studies and papers
- Not just re-running code / a virtual machine

- When is a reproducibility paper worth the effort /
worth being published?

1£S FACULTY OF !NFORMATICS




n Challenges in Reproducibility

Peer Review and Verification

= Peer review is an established process
- Focused on publications mainly
- Hardly any data quality reviews
- Even less reproducibility studies

= Reproducing or replicating experiments is not
considered original research
- No recognition
- No money
- Aot of work

= Encourage reproducibility studies
= Needed beyond science!

1£S FACULTY OF !NFORMATICS




Challenges in Reproducibility

H 8

In a nutshell — and another aspect of reproducibility:

I heard you need to create
a TPS Report. Here, I've Oh, you need to Well, it worked when I
got an R script that does download these 5 wrote it 3 weeks ago.
packages first. /-\<
M- ]~ Grr.
v I did, and | Package
it still UPdﬂTE‘.S
doesn't

-

workl!

Source: xkcd

[ weatherType | [ Decision || Temperaturechart | W7
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Reproducibility
" requires

- Transparency, requires
* Documentation, provides
— Context, requires
» Citation, requires
» ldentification
Increases impact
Increases trust
Fosters reuse

https://xkcd.com/978/

IS
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= Data is the basis for almost everything

- eScience, digital humanities,
- Industry 4.0
- Driving policies, society, ...

Why to cite data?

= Why should we cite data?

Prevent Scientific misconduct (“extrinsic”) ? ;

Give credit (“altruistic™) ?

Show solid basis (“egoistic”) ?

Enable reproducibility, re-use (extrinsic + altruistic + egoistic) ‘/

1£S| FacuLTY OF 'NFORMATICS




H 8

= Data is the basis for almost everything

- eScience, digital humanities,
- Industry 4.0
- Driving policies, society, ...

= Why should we cite data?

Why to cite data?

- Prevent Scientific misconduct (“extrinsic”) ? ;

- Give credit (“altruistic”) ?
- Show solid basis (“egoistic”) ?

7

- Enable reproducibility, re-use (extrinsic + altruistic + egoistic) ? V

- Because it’s what you do if you do good work,
speeding up the process of scientific discovery,

efficiency! (“intrinsic”)

IS
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= |t's what you do! — Lots of benefits
- Makes live easier because you can build on a solid foundation
- Speeds up the process because you can re-use existing stuff
- Helps avoiding / detecting mistakes, improves quality, comparability
- Reuse increases citations, visibility (“currency”)

Why to cite data?

= But;

- To achieve this it must be easy, straightforward, “automatic”
- Citing Papers is easy...
- ...what about data?

(more about this later... first: “we should just do it”)
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= 8 Principles created by the
Data Citation Synthesis Group

» https://www.force11.org/datacitation

= The Data Citation Principles cover purpose, function
and attributes of citations

= Goal: Encourage communities
to develop practices and tools
that embody uniform
data citation principles

Joint Declaration of DC1
Data Citation Principles

Data Citation Principles

P 32
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Joint Declaration of D Cl
Data Citation Principles

Data Citation Principles

Process
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Revision

July-Sept 2013 Nov-Dec 2013 Jan 2014 Now
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n i3¥] Joint Declaration of Data Citation DCI
WIEN Principles (cont‘d)

1)

2)

Importance

Data Citation Principles

Data should be considered legitimate, citable products
of research. Data citations should be accorded the

same importance as publications.

Credit and Attribution

Data citations should facilitate giving credit and
normative and legal attribution to all contributors to the

data.

IS
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n i3¥] Joint Declaration of Data Citation DCI
WIEN Principles (cont‘d)

3)

4)

Evidence

Data Citation Principles

Whenever and wherever a claim relies upon data, the

corresponding data should be cited.

Unique Identification

A data citation should include a persistent method for

identification that is machine actionable, globally
unique, and widely used by a community.

IS

Page 35
FACUL]gY OF INFORMATICS



n i3¥] Joint Declaration of Data Citation DCI
WIEN Principles (cont‘d)

Data Citation Principles

5) Access

Data citations should facilitate access to the data
themselves and to such associated metadata,
documentation, code, and other materials, as are
necessary for both humans and machines to make
informed use of the referenced data.

6) Persistence

Unique identifiers, and metadata describing the data,
and its disposition, should persist - even beyond the
lifespan of the data they describe.

2 Page 36
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n i3¥] Joint Declaration of Data Citation DCI
WIEN Principles (cont‘d)

Data Citation Principles

7) Specificity and Verifiability

Data citations should facilitate identification of, access
to, and verification of the specific data that support a
claim. Citations or citation metadata should include
information about provenance and fixity sufficient to
facilitate verifying that the specific time slice, version
and/or granular portion of data retrieved subsequently
Is the same as was originally cited.

2 Page 37
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n i¥] Joint Declaration of Data Citation DCI

WIEN Principles (cont‘d)

8) Interoperability and flexibility

Data Citation Principles

Data citation methods should be sufficiently flexible to
accommodate the variant practices among

communities, but should not differ so much that they
compromise interoperability of data citation practices

across communities.

IS
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Joint Declaration of Data
Citation Principles (cont‘d)

H 8

= Glossary

https://www.force11.org/node/4770

Community : Groups Resources MNews + Events Publications
Data Citation Principles Glossary m

Attribution:
(First used in principle 2)

o ; . I+ Log in using OpeniD
Specification of terms of use of data, usually in the form of a license.

Create new account

Legal attribution is founded on intellectual property rights and licenses as well as on strong normative values in the research community, and the Reset password
data citations concern individual rights and norms of credit and publicity. Legal attribution is therefore distinguished in these principles from
normative (scholarly) attribution, which is concerned with the incentives and systems of scholarly credit and evaluation (adapted from CoData LOG IN
2013).
- 7 . We currently have 1,262 active
Citation: members.

(First used in preamble)

A formal structured reference to another scholarly published or unpublished work (adapted from hitps:/iwww jstage. jst.go.jp/article/ds)i12
/0/12_0OSOM13-043/_pdf).

In traditional print publishing, a "bibliographic citation” refers to a formal structured reference to another scholarly published or unpublished work. -

] INVITE OTHERS

(This is in contrast to formal bibliometric terminology in which references are made, and citations received.) Typically, intra-document citation

pointers to these structured references are marked and abbreviated. These are accompanied by the full bibliographic references to the work
appearing in the bibliography or reference list, often following the end of the main text, and is called a "reference” or "bibliographic reference.”

Traditional print citations include “pinpointing” information, typically in the form of a page range that identifies which part of the cited work is being

referenced.

&P DiscussIONs
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Benefits of Citation
WHERE Crmmons CoMe From:

H 8

CITOGENES!S STEP#1: A RUSHED WRITER CHECKS WIKIPEDIA
THROUGH A CONVOLUTED PROCESS, | | FOR A SUMMERY OF THEIR SUBTECT:
- . AUSER'S BRAIN GENERATES FACTS, LS ENERGY SECRETARY STE/EN CHU,
Identlflcatlon THESE ARE TYPED INTo WIKIPEDIA, (MOBEL PRIZEWINNER AND CREATOR OF
THE "ScRolL [oe” KEY KRS THE UBIGUTTOUS "SCROU Lotk KEY)

. WAS DESIGNED BY FUTURE. TESTRED BERORE (THGRESS TOAY...
Documentation GI)
Context )
Impact
T STEP #2

ransparency GURPRISED REPDERS CHECK. WIKIPEDI, | [STEP #4
ST SEE THE CLAIM, AND FLAG IT FOR. REVIEW,
- NOV) THAT OTHER WRITERS
ReprOdUC|b|“ty A PASSING EDITOR FINDS THE HAVE A REAL SOURCE, THEY
PIECE AND ADDS 1T AS A CITATION. REPEAT THE FACT. _
Reuse L
GOOGLE 1S YOUR BRAIN
FRIEND, PEOPLE. L.ummn—-.-';m;
7/ <REF>HOTE WEB|URL= ? ( >§ Act
' QR
TR REFERBNGES
PROLIFERATE, COMPLETING
STEP #3 THE CITOGENES)S PROCESS.

https://xkecd.com/978/
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Excursion: The 5 Star Open
Data Model

H 8

= 5 levels of data sharing for linked data
= Developed by Tim Berners-Lee

= Levels:

- OL: open license

- RE: (machine) readable
OF: open format LB
URI: Uniform resource identifier

i Wi sl ;_,Htiﬂ"'_"'.
LD: linked data (context) L’,‘ﬁ 2
b
ewe l [CSV

e
= il




TU Excursion: The 5 Star Open
WIEN Data Model (cont’d)

Available on the web (whatever format) but with an open licence, to be Open Data

Available as machine-readable structured data (e.g. excel instead of image scan of a table)

as (2) plus non-proprietary format (e.g. CSV instead of excel)

All the above plus, Use open standards from W3C (RDF and SPARQL) to identify things, so that people can point at your stuff

All the above, plus: Link your data to other people’s data to provide context

Examples: hitp://5stardata.info/
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Standard Elements of Data
Citation

H 8

= Classical bibliographic details:
- Author, date, edition
- Publisher, version

= Specific details:
- Feature name, resource type
- Unique numeric fingerprint (hash)
- Persistent identifier
- Location

= But there is more to it...
Landing pages — “end credits in movies”

Source: http://www.dcc.ac.uk/resources/how-guides/cite-datasets i _|: S
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Outline

=  What identifier system should | use?

= What are the challenges in data identification and citation?
= How should we do it, according to the RDA WG?

= Who is doing it so far, and how?

=  Summary
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Identifiers

= |dentifier is a symbol that uniquely identifies an object.

Used to identify (digital) objects
References the location
Provides metadata

Can be resolved

Several identifier types exist

Sources: http://ands.org.au/guides/persistent-identifiers-working.htmi

IS
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Traditional Mechanisms

= |nternational Standard Serial Number (ISSN)
- Unique eight-digit number
- ldentifiers periodical publications
- Can be encoded as URN

= |nternational Standard Book Number (ISBN)
- Unique commercial book identifier barcode
- 13 (since 2007) or 10 digits with checksum
- ISBN-10: 3836217155
- ISBN-13: 978-3836217156

Identifiers

- Crown logo

.. — Country code

Herdmark

— Individual animal number

W T Check digit

1£S| FacuLTY OF 'NFORMATICS




Identifiers

H 8

Unique Identifiers for Digital Objects
= Originally:

- Uniform Resource Name (URN)

- Uniform Resource Locator (URL)

- Uniform Resource Characteristic (URC, metadata, replaced by RDF)

= Uniform Resource Identifier (URI)
- Encompasses URN and URL
- Can be resolvable, but need not be
- Includes ISBN, etc.

= Delegating Methods
- Handle System
- Digital Object Identifier (DOI)
- Persistent URL (PURL)
- Archival Resource Key (ARK)

IS
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URLs and Persistency?

= Standard URLs are not forever
- Describe network locations

- Not suitable for the long term

- Link rot:
“half of the links in publications are not available after 5 to 7
years” (precise numbers vary...)

Identifiers

= Solution: persistent identifiers (PIDs)
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= Persistent uniform resource locator
= Developed by Online Computer Library Center in 1995
= Based on HTTP forwarding

- Only resolution
- No metadata

= Provides curation and URL resolvers

= Can be hosted on own servers or centrally

= |s free

= Example: http://purl.fdlp.gov/GPO/gpo49354

- Catalog of U.S. Government Publications

PURL
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TU PURL Domains

WIEN

Logged in as sproell@sba-research.org (log out)

PURL Domain Administration

Home |_| PURL5|_| Users |_| Groups |J Domains |_| Admin |_| Help |

| 1) Choose an action to take on domains | 2) Create a new domain

Domain administration options. Fill in the following information to create a new domain.

| Create a new domain :J Name: [advanced Practitioner Cour!
Domain ID: [apc2014 I
sproell@sba-research.or
s P € g
[’ . — .
- Maintainer IDs (one per line):

\&

sproell@sba-research.org

Writer IDs (one per line):

Public? (Applies solely to top-level domains): [

Submit

(& Create Successful

status: Pending approval

id: JAPC2014 [#

name: Advanced Practitioner Course 2014
public: false

maintainers: sproell@sba-research.org
writers: sproell@sba-research.org
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Logged in as sproell@sba-research.org (log out)

PURL Administration

Home | PURLs |_| Users |_| Groups |_| Domains |_| Admin |_| Help |

PURL Registration

| 1) Choose an action to take on PURLs |

PURL administration options.

| Create a new PURL

2) Create a new PURL

Fill in the following information to create a new PURL.

Path: [/aPC2014/demo/Data I

Target URL: [www.datacitation.eu/data/TestDataset.dat |

sproell@sba-research.org

Maintainers IDs
(one per line):

| Submit |

Advanced

OCLC
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PURL - Resolution

H

? PURL
CII ent http://pui odc. o/ OCLC/OLUC/ 32127356/ 4 server
HTTP Redirect
HTTP GET Resource
Server
resource

© MPDL

http://www.mpi.nl/DAM-LR/meeting5/Persistent%20ldentifiers.pdf
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TU Uniform Resource Ildentifiers

WIEN

Uniform Resource Identifier
- Name
- Location (e.g. Web server)

Combination of
- namespace identifier (NID) and a
- namespace specific string (NSS)

Naming scheme for URNSs:
- urn: <NID> :<NSS>

* rn:isbn:0451450523

* urn:ietf:rfc:2648

Note: Cool URIs don’t change!
https://www.w3.org/Provider/Style/URI
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URN

= Main characteristics and functions of a URN usually
include

Global scope of names
Global unigueness

Persistence

Scalability
Legacy support
Extensibility
Independence
Resolution
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FACULTY OF

INFORMATICS



Handle

H 8

= Distributed persistent naming system
= Conforms to URN framework
= Used by most identifier systems

= Persistent identifier consists of two parts:
- Naming authority
- Name (must be unique string to the authority)

= Digital objects on the Internet can be assigned,
managed and resolved by handles

= Resolved by global handle service
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= Main points
- Handles are unique and persistent

Handle

- QOperations on handle system have to be authorized

= Syntax:

<Handle Naming Authority> ,/* <Handle Local Name>

= Example:
- 10.1045/january2013-burns

= Available Services:
- http://hdl.handle.net

IS
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H

1. Query naming authority

Client

2. Local handle service

3. Query local name

4. Respond with handle data

<

5. HTTP GET

[8] http://www.mpi.nl/DAM-LR/meeting5/Persistent%20ldentifiers.pdf

Handle Resolution

Global
GELT [
Registry

Local
Handle
Service

Resource
Server

IS
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HE

= Digital Identifier of an Object
- not "ldentifier of a Digital Obje
- "click on it and do something"

= |dentifier scheme administered by the

Ct“

International DOI Foundation (IDF)

= Relies on the handle concept

Digital Object Identifier (DOI)

* Provides an actionable, interoperable, persistent link

B
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BBBEl oigital object Identifier (DOI)

WIEN

= Consists of three parts:
http://dx.doi.org/10.1016/S0921-4526(00)00753-5
'\ i ji j

| | |
Resolver Prefix Suffix
Service || (Assigning Body) (Resource)

= Resource can be any entity
(thing: physical, digital, or abstract)
= DOI: 10.1594/PANGAEA.724325
= Resolver services lead to landing page

- http://dx.doi.org/
- http://dx.doi.org/10.1594/PANGAEA.724325
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DOI: Guidelines

Suffix must be unique within the prefix
Suffix is case insensitive
UTF-8
Recommendations:

Use short suffixes, people have to type them

Do not use special characters if possible

Avoid semantics in the suffix string, as its semantics could
change (“no semantics in an identifier!”)

Slightly contradicted in “fragment identifiers”

(personal comment: avoid!)
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DOI

H 8

Metadata:

= DOI Kernel Metadata
https://www.doi.org/doi handbook/4 Data Model.html

- Other identifiers (isbn, issn, ...)

- structural types (e.g. physical, digital, performance, abstraction)
- modes (audio, visual, tangible, olfactory, tasteable, none),

- linkedCreation,

- linkedParty, date of birth/death, territory, ...

- (several more)

= DOI Data Dictionary

https://www.doi.org/doi handbook/schemas/dd/intro.html
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Example: Formatted Citations:

= curl -LH "Accept: text/x-bibliography; style=apa"
http://dx.doi.org/10.1126/science.169.3946.635

Frank, H. S. (1970). The Structure of Ordinary Water: New data and interpretations are

yielding new insights into this fascinating substance. Science, 169(3946), 635—-641.
doi:10.1126/science.169.3946.635

= curl -LH "Accept: text/x-bibliography; style=bibtex"
http //dx.doi.org/10.1126/science.169.3946.635

@article{Frank_1970, title={The Structure of Ordinary Water: New data and interpretations
are yielding new insights into this fascinating substance}, volume={169}, ISSN={1095-
9203}, url={http://dx.doi.org/10.1126/science.169.3946.635},
DOI={10.1126/science.169.3946.635}, number={3946}, journal={Science},
publisher={American Association for the Advancement of Science (AAAS)}, author={Frank,
H. S.}, year={1970}, month={Aug}, pages={635-641}}

DOI
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DOI

H 8

DataCite Metadata Store

This service is for testing only.

{2 Metadata Store

DataCite

Dataset « List all Datasets
Register new Dataset

_ 10.5072/A1WDESGFFRECBNG79 frue  false 2014-09-04 14:42 UTC 2014-09-04 14:40 UTC 0 (2014-09-04 14:40:27.0) d
e 10.5072/ECFA2TZUNBVA562 true  false 2014-09-04 14:19 UTC 2014-09-04 14:16 UTC 0 (2014-09-04 14:16:24.0) f]
R 10.5072/6P76C3PB12345 tue | false 2014-09-04 13:57 UTC | 2014-09-04 13:57 UTC 0 (2014-00-04 13:57:00.0) |
A= 2L 10.5072/726855ASWWSSFDBNDS true false 2014-07-10 08:45 UTC 2014-07-10 08:35 UTC 0 (2014-07-10 08:35:17.0) f|
10.5072/FZIKAZJINMDN353 tue | false 2014-07-09 15:03 UTC | 2014-07-09 15:03 UTC 0 (2014-07-08 15:03:34.0) |
10.5072/KJHGFDSAG543 tue  false 2014-07-09 10:26 UTC 2014-07-09 10:26 UTC 0 (2014-07-08 10:26:00.0) f|
10.5072/TPDL2013TUTORIAL tue | false 2013-09-22 10:02 UTC | 2013-09-22 10:01 UTC 0 (2013-09-22 10:01:13.0) |
10.5072/DATASET-TPDL-TEST  ftrue  false 2013-09-18 08:10 UTC 2013-09-18 08:08 UTC 0 (2013-09-18 08:08:39.0) f&|
10.5072/DATASET-TPDL tue | false 2013-09-17 12:58 UTC | 2013-09-17 12:55 UTC 0 (2013-09-17 12:55:30.0) |
10.5072/PROELL.A1B2C3D4 tue  false 2013-08-30 19:04 UTC 2013-08-30 19:04 UTC 0 (2013-08-30 19:04:27.0) f|
10.5072/PROELL.A1B2C3 true | false 2013-06-28 12:24 UTC 2013-06-28 12:24 UTC 0 (2013-06-28 12:24:04.0) {)

I:LJ: List results per page: 30 50 100 | Page 1 of 1

Home | Language: 2 MN[0 § | Logout
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Request an account at a DOI registration agency

B~ wh =

Pay a fee
Receive login data and your prefix

How to Get a DOI

Establish ("mint”) a DOI suffix to be linked to your object

providing the required metadata
Start citing
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= Launched in 2000

DOI - Facts

= Qver 5,000 naming authorities (assigners)

= Qver 20,000 DOI name prefixes
= QOver 148 million DOl names assigned

- Grows 16 % per year!

= Qver 5 billion DOI resolutions per year

= |nternational Standard: ISO 26324 (May 2012)

[5] http://www.doi.org/factsheets/DOIKeyFacts.html
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DOI Registration Agencies

= Are members of the IDF and entitled to assign and
maintain DOls.

= Examples: ¢B
- DataCite DataCite
- CrossRef
_ e
Bowker ro
- CAL ..
- Nielsen BookData BOWl(el;
- T
_ OPOCE TIB INFORMATIONSBIBLIOTHEK
- TU Wien (starting 2020, via Datacite)
1£S| Facuty oF
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1 |TU DOl

Helping you to find,
access, and reuse data

DataCite

= Registration Agency for DOls
= Non-profit membership organization established 2009
= Aims:

- Establish easier access to research

- Increase acceptance of research data
- Support data archiving that will permit results to be verified and

re-purposed for future study.

[6] http://www.datacite.org/
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DOI vs. Handle

= Handle only provides the resolution service
= DOl uses the Handle System and adds:

- Metadata
- Consistency of citations

- Semantic interoperability (data model)
- ldentification of intellectual property entities

= Used by aggregators, impact factor calculation, ...

[11] http://www.doi.org/factsheets/DOIHandle.html
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n Archival Resource Key (ARK)

= URLs with long-term support
= Maintained by California Digital Library

= |dentify objects of any type (digital, physical, people,
vocabulary terms, art...)

= Schema:
http://example.org/ark:/13030/654xz321/s3/f8.05v.tiff

Name Mapping Authority  Label Name Qualifier

Name Assigning Authority Number (NAAN)

[9] https://wiki.ucop.edu/display/Curation/ARK i _|: S FACULTY OF 'NFORMATICS




ARK - Scheme

Locksmith jargon: shoulder, blade, tip, bow, cover

- slips on -
= _ "_ . _———— 1 "_
/(0,00 \\ / \
: i"'F 1l S
F A T | B A N A
£ C ) 4 C D - CAmoA=t oA
\ =1 _O I I \ ! ! ===================================}
: _l<._ 1|l : /
N /G /7 \ /
e [ ot T [..]
A A A A A
CO\..‘EI"= Bou.\r= SHOI..H der .------ Bl z;lde T'.i p
NMA Scheme+NAAN : I ammmmmmm— - !
v v v v vV Vv
e e, [ [P [ .1
http://OwlBike.example.org/ark: /13030/tqb3kh97gh8w <---- Example Key
doi:10.30/tqb3kh97gh8w with parallel
hd1:13030/tqb3kh97gh8w parts in other
urn:13030:tgb3kh97gh8w id schemes.
e e e [ [....
Name Mapping Authority Base identifier e

California Digital Library
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ARK

Currently there are 183 NAANSs
- Universities

- Libraries

- Google

- http://www.cdlib.org/services/uc3/naan_reqistry.txt

Any institution can obtain a NAAN by contacting CDL

ARK can be self hosted
ARKSs are free
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ARK

Client 1. Find a working NMA Global
ARK
2. NMA able to serve Database

3. Resolve name Name

Mapping
Authority

4. Respond with mapping data

© MPDL

[10] http://www.mpi.nl/DAM-LR/meeting5/Persistent%20Identifiers.pdf
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= |ntegrated services: example
- http://texashistory.unt.edu/ark:/67531/metapth123456
- http://texashistory.unt.edu/ark:/67531/metapth123456/?
- http://texashistory.unt.edu/ark:/67531/metapth123456/?7

ARK
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ARK vs. DOI

ARK

Subset facilities

Can be deleted

Good for early stage of live cycle
Free

DOI

- Metadata cannot be deleted, stored persistently at resolver!

- Higher reputation
- Commercial

[12] http://n2t.net/ezid/home/understanding
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n An Overview of PID Systems

Actionable
Metadata included
Self hosting
Centralized
Subsets

Opacity

Community
Acceptance

Free
Commercial

L& AR AX

AN NN Y NN

x <
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ORCID Persistent Identifiers

= ORCID

For people (researchers) O RC

Resolving name ambiguity
Usefull in case of name changes
Link research activities and output
Examples:
* https://orcid.org/0000-0002-9272-6225
* https://orcid.org/0000-0002-4929-7875
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Outline

= What are the challenges in data identification and citation?
= How should we do it, according to the RDA WG?
= Who is doing it so far, and how?

=  Summary
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= |t's what you do! — Lots of benefits
- Makes live easier because you can pui olid foundation
- Speeds up the process becau a e existing stuff

- Helps av0|d|ng/d |mproves quality
- Reus® |S|b|||ty currency

= But:

- To achieve this it must be easy, straightforward, “automatic”
- Citing Papers is easy...
- ...what about data?

(more about this later... first: “we should just do it”)

Why to cite data?
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How to cite data?
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= Referencing research papers is well established

RDIGITAL

ACM LIBRARY

A method for obtaining digital signatures and public-key cryptosystems

Full Text: TpDF ¥ Buy this Article

Authors: R. L. Rivest MIT Lab. for Computer Science and Department of Mathematics
Cambridge, MA

A, Shamir MIT Lab. for Computer Science and Department of Mathematics.
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Natural Language Interfaces: What is the
Problem? - A data-driven quantitative analysis

Philipp Cimiano! and Michael Minock?

WIS, TU Delft / *University of Umea

Abstract. W ses of the problems involved in build-
ing natural language interfaces (NLIs) have been available, a quantitative
grounding in empirical data has been missing. We fill this gap by pro-
viding a quantitative analysis on the basis of the Geobase dataset. We
hope that this analysis can guide further research in NLIs.

1 Introduction

So fur, there has been an impressive amount of research on natural langnage
interfaces (NLIs), ie. on interfaces allowing users to interact with a certain in-
tural langu While NLIs are not inherently restrieted
cring questions on the basis of a given database or knowl-
edge base, most of the NLIs developed so far have been designed for this purpose.
Along these lines, as in maost other research on natural language interfs
limit ourselves is restricted view of natural langusge interfaces es
systems providing answers to natural langusge questions in this paj
on NLIs dates back to the Tls and 80 (see [1], [6]) and has yielded ineressed
attention in recent vears with a plethors of systems emerging: PRECISE [13],
STEP [11], ORAKEL [3], Aqualog [10], GINSENG [2], just to name & few of
the very recent systems. What seems missing =o far is a d stion of the prob-
lemi, in particnlsr s quantitative analysis of the problems inherent inthe task of
building natural langnage mterfaces, While there have been qualitstive analyses
of the problems involved i constructing NLIs ([1], [6]), to our knowledge there
has heen no guantitative analysiz grounding the qualitative chamactenistics of
the problem in real data. This 1z crucial m our view as it can and should gaide
the development of NLI= in the future, focusing them on the challenging prob-
fems, It would also help sy pers to focus on a specific phenomenon
encountered in NLIs (e.g. of ambiguities) and foster progress in the
field by clearly designing snd evalusting the solution to & specific phenomenon
specific to one particular approsch but rensable ac-
sms. In our view, no real progress can be expected in NLI research only

only to the task of ans

harts hiding the interesting details and solutions to characteristic
involved in the task behind top performing precision and recall me

The structure of this paper is as follows: m the next Section 2 we describe
the dataset we have used to provide a quantitative analysis and desenbe our
methodology. Then, in Section 3 we describe our interesting findings and derive

- probloms

5.

Example: Web Page Download

= Example: Web-page download

2 Datasets and Methodology

proceeded as follows: we downloaded a dataset which has been frequently used
for the evaluation of natural langnage interfaces. i.e. the Geobase dataset col-
lected by Mooney and his students!. The Geobase dataset describes states, cities,
mountains, lakes, rivers and roads in the U.S., together with attributes such as
area (state, lake), population (state, city), length (river), height (mountain, lo-

ation) ete

The datasets consists of a set of 880 test questions (actually 883 questions)
and was collected through a web interface hosted at the University of Austin in
Texas?. We used the 883 test questions for our analysis. After downloading the
dataset (in Prolog), we converted the whole dataset into the ontology languages
F-Logic [9] and OWL?. The datasets are available from http:/ /www.cimiano.de
— Projects — Datasets and other Material — ORAKEL.

When converting the dataset into OWL and F-Logic., we used 7 concepts
with a total of 17 different relations. We give helow the concepts nused together
with their relations:

Concepts|Relations

state name, abbreviation, capital. density, population, area.|
cade has horder, highest_point, lowest_point

city name, are State

river name length, Aows Through

monntain|name State, height

road mber, passes Through
lake name, area, inState

location |name, inState, height

The design above slightly deviates from the original schema in Mooney’s
dataset, consisting of 8 relations (state, city, river, border, highlow,
mountain, road and lake). We have essentially merged some of the informa-
tion into one class (the class state thus containing the horder as well as highest
and lowest point information), removed some redundancies (e.g. the name of
the state appearing in various relations) and added the location class which
includes a height attribute for the location in question.

The original dataset of Mooney et al. consists of the following 7 relations:

! This dataset is available from: http://www.cs.utexas.edu /users/ml/nldata. html

2 There is also a dataset consisting of 250 questions available from the University of
Texas, but this is merely a subset of the larger dataset.

* http:/ fwww.w3.org/ TR /owl- features/

1£S| FAcuLTY OF 'NFORMATICSO
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To provide a quantitative analysis of the problem of constructing an NLI we
proceeded as follows: we downloaded a dataset which has heen frequently nsed
for the evaluation of natural lang@tage interfaces, i.e.| the Geobase dataset ¢ol-
lected by Mooney and his studen he Geobase datasetescribesstates;crtles,
mountains, lakes, rivers and roads in the U.S.. together with attributes‘ such as
area (state, lake), population (state, city), length (river), height (mountain, lo-
cation) etc.

The datasets consists of a set of 880 test questions (actually 883 questions)
and collected through a web interface hosted at the University of Austin in
Texas?2 We used the 883 test questions for our analysis. After downloading the
dataset (in Prolog),rweconverted the whole dataset into the ontology languages
F-Logic [9] and OV\- The datasets are available from http://www.cimiano.de
— Projects — Datasets and other Material — ORAKEL.

[
. lThis dataset is available from: http://www.cs.utexas.edu/users/ml/nldata.html ]
2 There(Ts also a dataset consisting of 250 questions aval?ble from the University of

Texas| but this is merely a subset of the larger dataset.

3 Y T T o Y i 1 F L
http: / /www-w3org/ T R/owl- features/
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4

. [This dataset is available from: http://www.cs.utexas.edu/users/ml/nldata.html ]

2 There(1s also a datasel consisting of 250 questions availyble from the University of

Texas| but this is merely a subset of the larger dataset.

3 a Lo L i | Fa L
http: / /[www-w3org/ T R/owl- features/

€ % . &P www.cs.utexas.edu/users/mi/nidata.htm| c = v [3- bcogfe

Natural Language Learning Data

® Data for Mapping Natural Language Commentaries to RoboCup Events
© See here for description of the data and to download it

® Data for Learning Natural Language Interfaces to Databases:

o Geoquery Data: Data for parsing English queries about a simple U.S. geography database.
= See this paper for description, for more details see the thesis.
= Download

© Restaurant Query Data: Data for parsing English queries about a database of restaurant information in N. California.
m See the paper for description
= Download

o Jobsquery Data: Data for parsing English queries about job announcements posted in the newsgroup austin.jobs.
» See the paper for deseription
= Download

® Data for Mapping Natural Language Sentences to RoboCup Coach Language
© See this paper for description
o Download

¢ Past Tense Data: Data for learning past tense of English verbs.
o Provided by C.X. Ling (see the paper), originally assembled by Brian McWhinney at CMU. Also see papers 1 & 2.
o Download

¢ M&K Data: Data for learning case role analysis.
© Provided by I. L. McClelland and A. H. Kawamoto, see their paper.
o Download

A4+ & 0O

For questions & comments, confact: Rohit Kate, rikate(@cs.utexas.edu
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of <1, and are said to be “indecisive” for those branches
that cannot be reconstructed. Supermatrices are often
characterized by very high levels of missing data, and as
such can typically be expected to have PDC values lower
than more conventional matrices. The PDC metric has
not been broadly applied across a sample of such large
combined matrices, but in practice we have observed
PDC values between 0.6 and 0.7 to be common for
unoptimized matrices compiled from public databases,
which frequently contain =70% missing data. Although
it is not necessary to have a completely decisive matrix to
reconstruct the true tree (because all possible branches
in the treespace are not present in all trees), maximizing
PDC can nonetheless generally be expected to improvd
tree resolution in the majority of real-world scenarios.

A related challenge is presented by so-called “rogud
taxa”—destabilizing tips that move around the tred
enough in replicate searches to cause the collapse o
clades and the erosion of branch support values. The
instability of a given tip may be compounded by multiple
attributes, although perhaps most frequently by (i) data
nonintegrity due to sequence misidentification and (i)
very weak phylogenetic signal simply due to a dearth
of meaningful phylogenetic information. Identification
and removal of rogue taxa is generally expected to
help improve the resolution of trees containing such
unstabletips (Thorley and Wilkinson 1999; Thomson and
Shaffer 2010), and several methods have been presented
to accomplish this goal (Thorley and Wilkinson 1999;
Thorey and Page 2000; Smith and Dunn 2008). Here,
we present and make use of a statistic modified
from the I score implemented in Mes (Maddison
and Maddison 2010), which overcomes some of the
drawbacks of previously available insta metrics.

In this study, we present results from a supermatrix
phylogeny (a PHLAWD megaphylogeny) of Cyperaceae.
In this context, we address issues of data integrity
as they relate to large combined analyses, and we
explore the association between data decisiveness and
tree resolution. We compare the results of our tree
searches to results from a previously published family
level analysis of the Cyperaceae, and we show that
maximizing the number of loci and taxa using the
methods employed here may in fact yield greater power
to resolve phylogenetic trees than more traditional,
focused sequencing approaches that rely on smaller
numbers l(ﬁ“beller-sampled loci, even with a highly
incomplete alignment.

MATERIALS AND METHODS

Data Collection and Validation

Data were gathered from GenBank release 185 using
the software tool PHLAWD (Smith et al. 2009), which
searches the NCBI database for all nucleotide sequences
for species within a given taxon that match a given
text query. For instance, PHLAWD can be used to
yield an a]lgnmenl of all NCBI sequences mah:hmg the
query string “internal transcribed spacer” within the

NCBI taxon Cyperaceae. Because some nonorthologous
sequences may be returned for any given query,
PHLAWD requires a set of presupplied guide sequences
for each query. Any query results thatdonotmatch these
guide sequences by some arbitrary minimum amount
of coverage and identity are excluded. We used cutoff
proportions of 0.3 for coverage and 0.2 for identity for all
searches.

We gathered data on 23 genes for all available species
within the Cyperaceae. Figure 1 presents a heatmap of
the coverage of these data for all recognized genera. We

according to several statistics intended to measure thy
amount of information available for each genus (Fig. 1f
bottom 4 rows; see Supplementary material for details

Data Dryad doi: 10.5061/drvad.6p76c3pb). From thesd

than Species from almost all Of the Tamily s genera.
Guide sequences for each g(-:ne were chosen arbitrarily
from the set of available GenBank data, in a manner
that sought to maximize their phvl(lgenehc spread. The
resulting alj files were conc: d on the basis
of species name using the software phyutility (Smith
and Dunn 2008). This approach combines available data
from multiple exemplar specimens of each species to
make phylogeny estimation at this scale possible, and it
has proven effective for estimating phylogeny of large
numbers of species when parallel data from multiple
markers are not available from a single specimen (Jones
etal. 2002; Smith and Donoghue 2008; Smith et al. 2009).
Because data integrity on public databases such as
GenBank is uncertain, it is possible to include poor
quality or incorrectly identified sequences when data
mining these resources. When multiple sequences from
different vouchers are concatenated on the basis of
species identity, the potential exists for sequences from
dentified species to be concatenated with correctly
lentil ones, leading to the creation of so-called
chimeric” taxa. The tip nodes that are assodated with
these mistaken taxa are expected to contain conflicting
E(hvl()gmehc signal which, at least in the cse of
»otstrapping, can erode support values for otherwise
well-supported clades, because the chimeric tip is
either expected to be placed near each of its different
constituent species in different replicate searches, or to
contain strong enough conflicting signal that it simply
causes parts of the tree to collapse. One approach to a
posteriori identification of these taxa involves scoring
each taxon for a leaf st index—a statistic that
quantifies how much its position changes relative to
other taxa in replicate tree searches. Those taxa with the
lowest stability are assumed to contain either conflicting
phylogenetic al (especially in the case of chimeric
taxa) or such low levels of signal that many placements
are ivocal.
tiple methods of measuring leaf stability have
been proposed (Thorley and Wilkinson 1999; Thorley
and Page 2000; Smith and Dunn 2008). Forthis study, we
built upon previous work by Maddison and Maddison
(2010) in Mesquite version 27 They present a statistic,

http://datadryad.org/resource/doi:10.5061/dryad.6p76c3pb/1

searches.

We gathered data on 23 genes for all available species

within the Cyp

eraceae. Figure 1 presents a heatmap of

the coverage of these data for all recognized genera. We

i i
according to several statistics intended to measure t
amount of information available for each genus (Fig.

bottom 4 rows; see Su

lementary material for detail

Data Dryad doi: 10.5061/d r}rad.ﬁf:l?ﬁc.'ipb}. From the

an

SPeC1es ITOm alireost 4l o

€ [amuly s Sererd.

Guide sequences for each gene were chosen 4?.r|:|n|l'rar||1.-r
from the set of available GenBank data, in a manner
that sought to maximize their phylogenetic spread. The
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= Example: Data sharing platforms

DRYAD About ~ For researchers ~  For organizations ~

Contact us

Example: Sharing Platform

CEE

Login Sign Up

Data from: Using supermatrices for phylogenetic inquiry:
an example using the sedges

Files in this package

Submit data now

Search for data

Content in the Dryad Digital Repository is offered "as is." By downloading files, you agree to the Dryad Terms

of Service. To the extent possible under law, the authors have waived all copyright and related or

neighboring rights to this data

Title phase1_at_nf.phy
Downloaded 17675 times
Description Nucleotide data for Cyperaceae species from various markers, collected

from GenBank using the software tool "phlawd". This alignment
corresponds to the fully unfiltered alignment--labeled AT/NF in our

manuscript.
Download phase1_at_nf phy.reduced (30.57Mb)
Details View File Details
Title phase2_at rf.phy
Downloaded 201 times

http://datadryad.org/resource/doi:10.5061/dryad.6p76c3pb/1

Advanced search

Be part of Dryad

IS

Learn more about:
Membership
Submission integration
Pricing plans
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SYSTEMATIC BIOLOGY VOL. A2
s, if Eriophorum SUPPLEMENTARY MATERIAL
Scirpeae: the Data files and/or other supplementary information

E{rﬁ:mf Scirpea_e, related to this paper have been deposited on Dryad
e Scirpeae will |, http: / /datadryad.org under doi: 10. SUﬁlfdrvad o L

Downloaded

e e +L.1-I'IFE rE.a_E ﬁpﬁc:ap b. Description Nuclectide data f(':ll' Cyperaceae species from varim?ls rr.:arkzrs. collected
I'I'I{.'II'I{.'IFIh'I.-’IEl'IE from GenBank using the software tool "phlawd"”. This alignment

3 corresponds to the unscaffolded, rogues-filtered alignment--labeled AT/RF
Hades (Cyperus

in our manuscript.
P D d phase2_at_rf phy reduced (26 56Mb)
hally attributed
=
tlow Cypereae

Details View File Details

. This work was supported by the National Science  [* Py
Description Nucleotide data for C: species from various markers, collected
from GenBank using the wﬂware tool * ph]awd This alignment
ponds to the g it with regues unfiltered--labeled
. . . e . . SC/NF in our manuscri
When using this data, please cite the original publication: bl e et IS
Details View File Details
Hinchliff CE, Roalson EH (2012) Using supermatrices for phylogenetic inquiry: an e e nased se.rtpny
using the sedges. Systematic Biology 62(2): 205-219. hitp://dx.dol.org/10.1093/sysl , e e
Description Mucleotide data for Cyperaceae species from various markers, collected
- R from GenBank using the soﬂwaretool lawd". This alignment
Additionally, please cite the Dryad data package: a1 ety Shred et scaloki i b
mguas removed--labeled SC!RF in our manuscript.
D phased_sc_rf phy reduced (6.976Mb)
Hinchliff CE, Roalson EH (2012) Data from: Using supermatrices for phylogenetic in  Detlls Viev: File Details
example using the sedges. Dryad Digital Repository. hitp://dx.doi.org/10.5061
/dryad.6p76c3pb
Cite | Share

http://datadryad.org/resource/doi:10.5061/dryad.6p76c3pb/1 ‘ifs\ EACULTY OF INFORMATICSS5
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= Example: Subsets of data
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Introducing a very large dataset of handwritten Farsi digits
and a study on their varieties
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Communicated by A. M. Alimi

Abstract

A very large dataset of handwritten Farsi digits is introduced. Binary images of 102,352 digits were extracted (rom about 12,000 reg-
istration forms of two types filled by B Sc._and senior high school students. These forms were scanned at 200 dpi with a hish speed scan-
iils n a yprcal dataset 1s & A5 e ,lramimng an

rovided to facilitate sharing of results among researchers as well as Lrlbrm.mu. COMParis

Khosravi, Hossein, and Ehsanollah Kabir. "Introducing a very large dataset of handwritten ™
Farsi digits and a study on their varieties." Pattern Recognition Letters 28.10 (2007): 1133-1141. I _F S
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1134 H. Khosravi, £ Kabir | Pattern Recognfrion Letvers 28 (2007 ) 17133-1141
Table 1
0 2 L] 5 o
Some popular digit datasets ! = 4 6 1 8
Dataset dpi Training Test Total o V
samples samples samples
CENPARMI 166 4K 2INK) N}
CEDAR 300 18468 271 21178 Fig. 1. Sample handwritten Farsi digits.
MNIST Normalized into 60,000 [LELLT TO.HHY
200 = 20
USPS 300 7291 2007 91498

The CEDAR’ digit dataset is available from CEDAR,
11 Th 4 (T 1 et L % 5 = I

he training and test sets contain 18468 and 2711 digits,
respectively. The number of samples in both training and
test sets differ for each class. Since some images in the test

set are poorly segmented, a subset of 2213 well-segmented
images are also provided for testing (Liu, 2003).

1995) was extracted from the NIST datasets SD3 and
SD7. The training and test sets are composed from both
SD3 and SD7. Samples are normalized imto 20 # 20 gray-
scale images with aspect ratio reserved, and the normalized
images are located in a 28 * 28 frame. The dataset is avail-
able from LeCun. Number of training and test samples are
60,000 and 10,000 respectively.

At last the USPS digit dataset has 7291 traiming and
2007 test samples (Hull, 1994). Table 1 lists these datasets
briefly.

There were several fields in both types of forms. We used
two digit fields from type 1, including Postal Code and
Navional! Code, each of 10 digits length and three digit fields
from type 2 including Record Number, Identity Certificate
Number and Phone Number that at most have 26 digits,
while in average about 20 digits. Both forms are in color.
In both types, handwritten texts are in blue or occasionally
in black.

3.2 Digit extraction and recognition

To extract the digits, we must find the regions of inter-
est. There were at least two reference marks (squares) in
each form (circled in Fig. 2). We first search for these
marks using a simple and fast algorithm shown in Fig. 3.
If they are not found, the form is rejected. This situation
occurs rarely, e.g. when the paper is scanned upside down
or the reference square is too noisy. Then, if the reference
squares are not in their expected positions, the form is
rotated and shifted so that these squares are placed in the
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= Example: Subsets of data

Subset Citation in Papers

Appendix A, Dataset specifcation and avalabilin

The datasetis available in four separate files, Total.cdb, Training.edb, Test.cdb,

5. Choosing the training and test sets

To facilitate sharing of results on this dataset between
researchers, we provide two distinct datasets for training
and test.

From Table 3 it can be seen that the most usual styles
are fallen into samples S1, and other varieties are fallen
mmto 52, 83 and S4. So we tried to select most of training
samples from S1. To be more accurate we selected from
each category a number of samples equal to their propor-
tion in total samples, i.e. 73.47%% of training samples were
selected from S1, 9. 83% from S2 and so on. Then we sat
aside training samples and select test samples from the
remaining samples, randomly. In this way the training
set 15 a true representation of the whole population,
while the test set is selected without any predefined infor-

We selected 60,000 samples for training set and 20,000
for test. The remaining samples are also available in

another subset (see Appendix A).

Source codes for reading

ing.cdb. The file  herewith a
skip Header (1024 bytes)
whilenot End of Fe
i
read Start Byte: (1 byte) OnFF that
specifies the st of newimage
read Label: {1 byte] chasacter label
read Width: (1 byte) character width
read Height: (1 byse) character beight
read Byte Count: (2 bytes) number of biytes for this charactes
ifRunlength coding on each row
for y = 0 1 Height
while{x < Width)
{
read NumOfWhitePixels,

i NumOfBlackPixels;

5 e nvailable in Matlab, C++and Pascal To get
res Ac I of seethe homepage

please contac

L - Moxzilla Firefox

modares.ac.iv

Aryanic HighPortal

A a3+ A O » =

3yl 3y i 3 pe avian ® i !

sl oy ol ani oanline #

Khosravi, Hossein, and Ehsanollah Kabir. "Introducing a very large dataset of handwritten ™
Farsi digits and a study on their varieties." Pattern Recognition Letters 28.10 (2007): 1133-1141. I _F S

FACULTY OF !NFORMATICSS




1TV Motivation

= Research data is fundamental for science/industry/...
- Data serves as input for workflows and experiments ) e
- Data is the source for graphs and visualisations in publications "
- Decisions are based on data

= Data is needed for Reproducibility
- Repeat experiments
- Verify / compare results

= Need to provide specific data set
- Service for data repositories

1. Put data in data repository, 1
2. Assign PID (DOI, Ark, URI, ...)
3. Make iS acceSSible https://commons.wikimedia.org/w/index.php?c;urid=30978545
|7? 1
—> done!” 1£S| FacuLTY OF 'NFORMATICS




n Identification of Dynamic Data

Usually, datasets have to be static
- Fixed set of data, no changes:

no corrections to errors, no new data being added

But: (research) data is dynamic

- Adding new data, correcting errors, enhancing data quality, ...
- Changes sometimes highly dynamic, at irregular intervals

Current approaches

- Identifying entire data stream, without any versioning

- Using “accessed at” date

- “Artificial” versioning by identifying batches of data (e.g.

annual), aggregating changes into releases (time-delayed!)

4

:

Would like to identify precisely the data
as it existed at a specific point in time

|
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FACULTY OF

INFORMATICS



H 8

= What about the granularity of data to be identified?
- Enormous amounts of CSV data
- Researchers use specific subsets of data
- Need to identify precisely the subset used

= Current approaches
- Storing a copy of subset as used in study -> scalability
- Citing entire dataset, providing textual description of subset
-> imprecise (ambiguity)
- Storing list of record identifiers in subset -> scalability,
not for arbitrary subsets (e.g. when not entire record selected)

= Would like to be able to identify precisely the
subset of (dynamic) data used in a process

Granularity of Subsets

1£S FACULTY OF !NFORMATICS




n Data Citation — Requirements

= Dynamic data
- corrections, additions, ...

= Arbitrary subsets of data (granularity)
- rows/columns, time sequences, ...
- from single number to the entire set

Stable across technology changes
- e.g. migration to new database
= Machine-actionable

- not just machine-readable,
definitely not just human-readable and interpretable

Scalable to very large / highly dynamic datasets
- But: should also work for small and/or static datasets!

1£S FACULTY OF !NFORMATICS
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What we do NOT want...

Common approaches to data management...
(from PhD Comics: A Story Told in File Names, 28.5.2010)
Source: http://www.phdcomics.com/comics.php?f=1323

" A STORY TOLD (N FILE NAMES:

3 C:wser\researchidata

M= X]
]

Filename -

i data_2010.05.28_test.dat

3 data_2010.05.28_re-test.dat

2 data_2010.05.28_rere-test.dat

2 data_2010.05.28_calibrate dat

2 data_2010.05.28_huh?? .dat

i3 data_2010.05.28_WTF.dat

@ data_2010.05.29_aaarrrgh.dat

3 data_2010.05.29_#$@*8&!! dat

W data_2010.05.29_crap dat

2 data_2010.05.29_notbad.dat

U data_2010.05.29_woohool! dat

i data_2010.05.29_LSETHISOME .dat
& analysis_graphs.xls

#) ThesisOutline! .doc

£ Motes_Meeting_with_ProfSmith. txt
L2 UMK

U (data_2010.05.30_startingover.dat

.{|

Date Modified

337 PM
4. 29 PM
5:43 PM
£17 B
720 PM
S 58 PM

12:37 AM 5/29/2010

2:40 AM
322 AM
4:16 AM
4:47 AM
5:08 AM
713 AM
726 AM

5/28/2010
5/28/2010
5/28/2010
5/28/2010
5/28/2010
5/28/2010

5/29/2010
5/29/2010
5/29/2010
5/29/2010
5/29/2010
5/29/2010
5/29/2010

Size

420 KB
421 KB
420 KB
1,256 KB
30 KB
30 KB
30 KB

0 KB
437 KB
o/ KB
1,349 KB
2,894 KB
455 kKB
I KB

11:38 AM 5/29/2010 1673 KB

243 PM
837 AM

5/29/2010
5/30/2010

420 KB

Type

DAT file
DAT file
DAT file
CAT file
DAT file
CAT file
DAT file
DAT file
DAT file
CAT file
DAT file
DAT file
XLS file
DOC file
TXT file
Folder
CAT file

Type: Ph.D Thesis Modified: too many times

Copyright: Jorge Cham

winw',phdcomics.com




Outline

= How should we do it, according to the RDA WG?
= Who is doing it so far, and how?

=  Summary
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RDA WG Data Citation RDAES

» Research Data Alliance e ———
= WG on Data Citation: - = *
Making Dynamic Data Citeable e ey
* March 2014 — September 2015 L
- Concentrating on the problems of L ; ]

large, dynamic (changing) datasets

= Final version presented Sep 2015
at P7 in Paris, France

= Endorsed September 2016
at P8 in Denver, CO

= Since then: supporting adopters
https://www.rd-alliance.org/groups/data-citation-wg.html

1£S| FacuLTY OF 'NFORMATICS
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= We have
— Data & some means of access (,query”)
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We have: Data + Means-of-access

Dynamic Data Citation

Dynamic Data Citation:

IS
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n Dynamic Data Citation @3

We have: Data + Means-of-access

Dynamic Data Citation:
Cite (dynamic) data dynamically via query!

Steps:
1. Data > versioned (history, with time-stamps)
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n Dynamic Data Citation @3

We have: Data + Means-of-access

Steps:
1. Data > versioned (history, with time-stamps)

Researcher creates working-set via some interface:

1£S| FacuLTY OF 'NFORMATICS




n Dynamic Data Citation RDARS

We have: Data + Means-of-access

Dynamic Data Citation:
Cite (dynamic) data dynamically via query!

Steps:
1. Data > versioned (history, with time-stamps)

Researcher creates working-set via some interface:

2. Access > store & assign PID to “QUERY”, enhanced with
— Time-stamping for re-execution against versioned DB
— Re-writing for normalization, unique-sort, mapping to history
— Hashing result-set: verifying identity/correctness
leading to landing page

S. Proll, A. Rauber. Scalable Data Citation in Dynamic Large Databases: Model and Reference Implementation. In IEEE
Intl. Conf. on Big Data 2013 (IEEE BigData2013), 2013 "
http://www.ifs.tuwien.ac.at/~andi/publications/pdf/pro_ieeebigdata13.pdf I'FS
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= Researcher uses workbench to identify subset of data

= Upon executing selection (,download®) user gets
— Data (package, access API, ...)
— PID (e.g. DOI) (Query is time-stamped and stored)
— Hash value computed over the data for local storage
— Recommended citation text (e.g. BibTeX)
PID resolves to landing page
— Provides detailed metadata, link to parent data set, subset,...
— Option to retrieve original data OR current version OR changes
= Upon activating PID associated with a data citation
— Query is re-executed against time-stamped and versioned DB
— Results as above are returned

= Query store aggregates data usage

Data Citation — Deployment

1£S FACULTY OF !NFORMATICS




H

= | Note: query string provides excellent  |bset of data
= | provenance information on the data set! | gets

Data Citation — Deployment

— Data (package, accg 5 API, ...)

— PID (e.g. DOI) (Queg |is time-stamped and stored)

— Hash value compute (ver the data for local storage

— Recommended citat| ) text (e.g. BibTeX)
= PID resolves to lan page

— Provides detailed metadata, link to parent data set, subset,...

— Option to retrieve original data OR current version OR changes
= Upon activating PID associated with a data citation

— Query is re-executed against time-stamped and versioned DB

— Results as above are returned

= Query store aggregates data usage
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Data Citation — Deployment

H

= | Note: query string provides excellent  |bset of data
= | provenance information on the data set! | gets

- Data (pad Thjs is an important advantage over
- PID (&9 traditional approaches relying on, e.g.

- Hashvalt gt6ring a list of identifiers/DB dump!!!
- Recomm’ TTUGoUuU VUIldl I TOUAL \U. IJ 1 UI\/

PID resolves to lan page

— Provides detailed metadata, li parent data set, subset,...

— Option to retrieve original data current version OR changes
= Upon activating PID associated with a data citation

— Query is re-executed against time-stamped and versioned DB
— Results as above are returned

= Query store aggregates data usage
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Data Citation — Deployment

Note: query string provides excellent
= | provenance information on the data set!

Ibset of data

er gets

~ Data (pad Thjg js an important advantage over
traditional approaches relying on, e.g.
storing a list of identifiers/DB dump!!!

— PID (e.g.
— Hash val

- Recomm’ Inucovyu vuitdi I LTUAL \U.B TN 1 UI\/

" PID resolves | |dentify which parts of the data are used.
— Provides det |f qatq changes, identify which queries

~ Option to retl g4\,djes) are affected

= Upon activatir
— Query is re-executed against time-s
— Results as above are returned

= Query store aggregates data usage

IS

[T d adid CIauor
nped and versioned DB
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14 Recommendations
grouped into 4 phases:

- Preparing data and query store
- Persistently identifying specific data sets
- Resolving PIDs
- Upon modifications to the data
infrastructure
2-page flyer

https://rd-alliance.org/recommendations-working-

group-data-citation-revision-oct-20-2015.html

More detailed report: Bulletin of IEEE

TCDL 2016

http://www.ieee-tcdl.org/Bulletin/v12n1/papers/IEEE-
TCDL-DC-2016 paper 1.pdf

Data Citation — Output

e

Daks Citatlon of Evolving Data
e crehen el b W er S w Sraas e e Do Chaion (WG
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G’reparing Data & Query Store 2
- R1 - Data Versioning
- R2 - Timestamping

@ R3 — Query Store o

Mhen Data should be perS|ste\d
R4 — Query Uniqueness

- R5 - Stable Sorting

- R6 — Result Set Verification

- R7 — Query Timestamping

- R8 - Query PID

R9 — Store Query

K- R10 — Citation Text /

Data Citation — Recommendations
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= Apply versioning to ensure earlier states of the data
can be retrieved

= Versioning allows tracing the changes
(static data: no changes — principle still applies)

= No in-place updates or deletes

- Mark record as deleted, re-insert new record instead of update
- Keep old versions — only way to be able to “go back”

= Do we really need to keep everything?
- (“changes that were never read never existed”)

R1: Data Versioning

THESE VALUABLE

| (THIS JOB GOT SO MUCH
DOCUMENTS SHOULD

£[( EASTER LOHEN T REALTZED
£]{ THAT NOBODY EVER
I ASKS FOR ANYTHING

BE STORED FOR
FIVE YEARS,

RECORDS

RETENTION E
VE.' ~sefl,
il b 2 i
Y1

Src: http://dilbert.com/strip/1995-09-02 | | I.Fs FACULTY OF !NFORMATICS




R2: Data Timestamping

H 8

= Ensure that operations on data are timestamped, i.e.
any additions, deletions are marked with a timestamp

= Timestamping is closely related to versioning

= Granularity depends on
- Change frequency / tracking requirements
« Per individual operation
« Batch-operations

« Grouped in-between read accesses
(“changes that were never read do

”
nOt matter ) https://www-03.ibm.com/ibm/history/exhibits/cc/cc_T30.html

- System (data storage, databases)
* e.g. FAT 2 seconds, NTFS 100 ns, EXT4 1 ns
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R1 & R2: Versioning / Timestamping

H 8

Note:

= R1 & R2 are already pretty much standard in many
(RDBMS-) research databases

= Different ways to implement, depending on
- data type / data structure: RDBMS, CSV, XML, LOD, ...
- data volume
- amount and type of changes
- number of APls, flexibility to change them

= Distributed settings:
- synchronized clocks, or:

- each node keeps individual, local time
time-stamps for distributed queries based on local times
these local times are stored at the query store aggregating the results
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n IH Timestamping vs. Semantic Versioning

Why timestamps, why not semantic versioning

= Some prefer to use semantic versioning
(minor/major updates that do not / do change behaviour/interface)
- Advantage: version number indicates relationship btw. versions
- Disadvantage:

« Something that was expected to be a not-changing update may turn out
to induce changes / side-effects later-on

« With data, “minor” updates are hard to think of: changing a typo may
result in a record being found / not found by a query, encoding changes
may break subsequent processing pipelines

 Different semantics / types of use across different communities
= Recommendation
- No semantics in identifier (mantra!)

- Keep identification (version timestamp) and semantics separate
- Semantic version number in addition to timestamp
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Data Versioning (cont.)

H 8

Semantic Versioning

= Semantic versions are “only” assertions on states of the
data at certain points In time, eg
- Data may be transient / still undergoing changes, whereas after a

certain points in time it has reached a state where no further changes
are expected

- Certain states of data may not be intended for permanent retention,
whereas others may have guarantees of availability over time

= Assertions specified as tags associated to queries, e.g.

- Query “Select * FROM <table> WHERE timestamp_added < ts1 and
ts_deleted >ts1” may carry the assertions “status: not expected to
change” and “availability: 7 years” (preferably from controlled
vocabularies)

= Subset gueries are “nested queries” on such “stable versions”
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R1 & R2: Versioning / Timestamping

Implementation options for e.g. relational DBs: T

= History Table

- Ultilizes full history table

- Also inserts reflected in history table

- Doubles storage space, no APl adaptions

= Integrated

- Extend original tables by temporal metadata
- Expand primary key by timestamp/version column
- Minimal storage footprint, changes to all APIs
= Hybrid
- Ultilize history table for deleted record versions with metadata
- Original table reflects latest version only
- Minimal storage footprint, some APl change, expensive query re-writes

= Solution to be adopted depends on trade-off
- Storage Demand
- Query Complexity
- Software/API| adaption

P 112
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R3: Query Store

= Provide means for storing queries and the
associated metadata in order to re-execute them.

= Approach is based upon queries.
- Therefore we need to preserve the queries
* Original and re-written (R4, RS5), potentially migrated (R13)

"] base_table v lastUpdatedDate DATETIME
C . . R 1 base_table_id | query_description VARCHAR(255)
- Itatlon teXt ( 0) mws | author VARCHAR(255) queryHash VARCHAR(
baseDatabase HAR(255) queryString VARGHAR(
. bascTabieName VARCHARIRSS) | 4 ©resultSoiiash VARCHAR
[ | C O m a rat I Ve I S m a I I baseTablePid VARCHAR(255) | rowCount INT(11)
] dataSetTtle VARCHAR(255) 10‘ subSetTiie VARCHAR(
. description VARCHAR(5000) user_name VARCHAR(
stUpdate DATETIME base_table_id INT(11)
even for high query volumes T
organizafionalld INT(11)
uploadDate DATE

Query parameters and system settings
Execution metadata

Hash keys (multiple, if re-written) (R4, R6)
Persistent identifier(s) (R8)

] Query_selectedColumns ¥ ] query

Query_queryld BIGINT(20) queryld BIGINT(20)
lectedCol ARGHAR(255

IS

FACULTY OF

ID VARCHAR(255)

data_source VARCHAI

selectedColumns_KEY INT(11) createdDate DATETIME
R(255)

execution_timestamp DATETIME

(255)
(5000)

255)
255)

(255)
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H 8

R4: Query Uniqueness

Re-write the query to a normalized form so that
identical queries can be detected.
Compute checksum of the normalized query to
efficiently detect identical queries

Detecting identical queries can be challenging
- Query semantics can be expressed in different ways
- Different queries can deliver identical results
- Interfaces can be used for maintaining a stable query structure

Best effort, no perfect solution

Usually not a problem if queries generated via standardized
interfaces, e.g. workbench — optional!

Worst case: two PIDs for semantically equivalent queries
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= Query re-writing needed to

- Standardization/Normalization of query to help with
identifying semantically identical queries

 upper/lower case spelling, sorting of filter parameters, ...

- Re-write to adapt to versioning approach chosen
(versioning in operational tables, separate history table, ...),
e.g. identify last change to result set touched upon (i.e.
select including elements marked deleted, check most recent
timestamp, to determine correct PID assignment)

- Add timestamp (t-At) to any select statement in query

- Apply unique sort to any table touched upon in query
prior to query to ensure unique sort (see R5)

R4: Query Uniqueness
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H 8

= Normalizing queries to detect identical queries
WHERE clause sorted

Calculate query string hash

|dentify semantically identical queries

—> non-identical queries: columns in different order

R4: Query Uniqueness

frack_id artist  release R < > ) _..--*"'-m‘““x\\ I /\
~ “-.I
//\\ / ™. '-.,“ artist release  track_id 1-“'-.-' HBD > o
.
lnudness 5.6 duration 120 " — PN s
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R4: Query Uniqueness

SELECT FROk WHERE
P N ///H“
o o, /// Wﬁﬁ“hhh¥
el £ th &
tracs_id artlzt raleage

= k3
A My
o ﬁh\\h i/j/ “\h\
- \ g

tagz glazde duration 1200

= Adapt query to history table

bk

SELECT results.track id, results.artist, results.release
FROM MSD AS results JOIN (
SELECT track id, max(timestamp) AS latestTimestamp
FROM MsD
WHERE timestamp <= (SELECT @gueryExecutionTimestamp)
AND (track id NOT IN
(SELECT track id FROM MSD AS deletedRecords
WHERE deletedRecords.status mark = ‘deleted
AND (deletedRecords.timestamp = @queryExecutionTimestamp))

1

GROUP BY track id
) AS version ON results.track id = version.track id AND results.timestamp = version.latestTimestamp

WHERE
results.tags = 'classic’' AND results.duration= 120
ORDER BY results.track id;
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R5: Stable Sorting

= Ensure that the sorting of the records in the data set
iIs unambiguous and reproducible

= The sequence of the results in the result set may not be

fixed, but data processing results may depend on

sequence
- Many databases are set based

- The storage system may use non-deterministic features

= [f this needs to be addressed,
apply default sort (on id)
prior to any user-defined sort

= Optional!

IS
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R6: Result Set Verification

H 8

= Compute fixity information (also referred to as
checksum or hash key) of the query result set to
enable verification of the correctness of a result upon
re-execution.

= Correctness:
- No record has changed within a data subset
- All records which have been in the original data set are also in the
re-generated data set
= Compute a hash key
- Allows to compare the completeness of results

- For extremely large result sets:
potentially limit hash input data,
e.g. only row headers + record id’s
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R7: Query Timestamping

H 8

= Assign a timestamp to the query based on the last
update to the entire database (or the last update to the
selection of data affected by the query or the query
execution time).

= Allows to map the execution of a query to a state of the
database
- Execution time: default solution, simple, potentially privacy concerns?
- Last global update: simple, recommended

- Last update to affected subset:
complex to implement

Time >

= All equivalent in functionality! DS”% O —
(transparent to user) A T
Last local update

Last global update
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= Assign a new PID to the query if either the query is new
or if the result set returned from an earlier identical
query is different due to changes in the data.
Otherwise, return the existing PID of the earlier query
to the user.

= Existing PID: Identical query (semantics) with identical
result set, i.e. no change to any element touched upon by
query since first processing of the query

= New PID: whenever query semantics is not absolutely
identical

(irrespective of result set being potentially identical!)

R8: Query PID
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= Note:

- ldentical result set alone does not mean that the query
semantics is identical

- Will assign different PIDs to capture query semantics
- Need to normalize query to allow comparison

= Process:
Re-write query to adapt to versioning system, stable sorting, ...
Determine query hash
Execute user query and determine result set hash
Check query store for queries with identical query hash
- If found, check for identical result set hash
= 2 PIDs: (compare e.g. paper in journal)
- precise subset of (static) data, as an excerpt of
- a larger, dynamically evolving data strearp

R8: Query PID
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R9: Store the Query

= Store query and metadata (e.g. PID, original and
normalised query, query and result set checksum,
timestamp, superset PID, data set description, and
other) in the query store.

Query store is central infrastructure

Stores query details for long term

Provides information even when the data should be gone
Responsible for re-execution

Holds data for landing pages

Stores sensitive information

= Not necessarily ALL queries (staging area)
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R10: Create Citation Texts

= Generate citation texts in the format prevalent in the

designated community for lowering the barrier for
citing and sharing the data.
Include the PID in the citation text snippet.

= Researchers are “lazy’/efficient

- Support citing by allow them to copy and paste citations for data
- Citations contain text including PIDs and timestamps
- Adapted for each community

2 PIDs!

- Superset: the “database” and it's holder (repository, data center)
- Subset: based on the query

- Accumulate credits for subset and (dynamic) data collection/holder

Stefan Proell (2015) "Austria Facts" created at 2015-10-07 10:51:55.0, PID
[ark:12345/gmZi2wO2vv]. Subset of CIA: "The CIA WorldFactbook™, PID
[ark:12345/cLfHIOFjxnA]

Suggested citation
lext:
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BRIl R10: Automated Citation Texts

WIEN

Data Citation

“Learning to cite” system for XML

= Can be created automatically
- relatively simple for relational
- more complex for hierarchical/ XML

= Learning to Cite:

- Gianmaria Silvello. Learning to Cite Framework: How to
Automatically Construct Citations for Hierarchical Data. Journal of
the Association for Information Science and Technology (JASIST),
Volume 68 issue 6, pp. 1505-1524, June 2017.

- http://www.dei.unipd.it/~silvello/datacitation
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BREE] Rr10: Automated Citation Texts

= EAD: Encoded Archival Description

 SERIES

h

Slides with permission by G. Silvello

IS

<ead>
<eadheader>
L]
</eadheader>
<archdesc level=*fonds”>
[E54]
<did>[.]</did>
<dsc level=%“fonds”>
=
<c@1 level=“sub-fonds”>
[
</c0l>
<c@l level=“sub-fonds”>
L]
<c@2 level=“series”->
[
</c@2>
<c@2 level=“series”>
[E5]
</c02>
<c@2 level=%series”>
[
<c@3 level=“file”>
[-]
</c@3>
<c@3 level=¥file”>
)
</c@3>
<c@3 level=%file”>
[-]
</c@3>
<c@3 level=“file”>
[-]
</cO3>
</c02>
</c@1>
</dsc>
</archdesc>
</ead>
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WIEN

= A human-readable citation:

Correspondence, 1951-1956,

"The Elements of Legal Theory" (unpublished).

MY R10: Automated Citation Texts

Books, box 135. Part II1:

Writings (1905-1984), box 129-152. Huntington Cairns Papers.

Manuscript Division, Library of Congress.

http://hdl.loc.gov/loc.mss/eadmss.ms001024

IS
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TU R10: Automated Citation Texts

WIEN

= A human-readable citation:

Citable unit
S —= : sesEET

Correspondence,1951—1956§
B N Contextual Information (from ancestors of the citable unit)
e e = eset =t = S e B IS = — = =

| "The Elements of Legal Theory" (unpublished). Books, box 135. Part II:

| Writings (1905-1984), box 129-152. Huntington Cairns Papers.

Manuscript Division, Library of Congress.

— s=as s

%http://hdl.loc.gov/loc.mss/eaamss.m5001024
L _ : ﬂ

(Persistent) Unique identifier of the EAD file
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MY R10: Automated Citation Texts

WIEN

= A machine-readable citation:
- Conjunction of XML paths

/ead/eadheader/eadid && /ead/eadheader/filedesc/publicationstmt/publisher && /ead/
archdesc/did/unittitle && /ead/archdesc/dsc/c01[10]/did/unittitle && /ead/archdesc/
dsc/c01[10]/did/unittitle/unitdate && /ead/archdesc/dsc/c01[10]/did/container/Rtype
&& /ead/archdesc/dsc/c01[10]/did/container && /ead/archdesc/dsc/c01[10]/c02/did/
container/Qtype && /ead/archdesc/dsc/c01[10]/c02/did/container && /ead/archdesc/dsc/
c01[10]/c02/did/unittitle && /ead/archdesc/dsc/c01[10]/c02/c03[4]/did/unittitle

&& /ead/archdesc/dsc/c01[10]/c02/c03[4]/did/container/Rtype && /ead/archdesc/dsc/
cO1[10] /c02/c03[4] /did/container && /ead/archdesc/dsc/c01[10]/c02/c03[4]/c04[2]/
did/unittitle && /ead/archdesc/dsc/c01[10]/c02/c03[4]/c04[2]/c05[1]/did/unittitle
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TU R10: Automated Citation Texts

WIEN

= Mapping machine-readable to human-readable:

Human-Readable Citation Machine-Readable Citation

http://hdl.loc.gov/loc.mss/eadmss .ms@@1024 < ------------------------- /ead/eadheader/eadid

Manuscript Division, Library of Congress < ----------ccccoccmmaoannnn /ead/eadheader/filedesc/publicationstmt/publisher
Huntington Cairns Papers #=s=reccrcorcncsssenssnnsnesnevessnasnnnseenes /ead/archdesc/did/unittitle

POPE TES THURRNDE Ao o oot on st s s e 8 o o /ead/archdesc/dsc/c01[10]/did/unittitle

15-1084 W arcrssrnsccntsrsssssssnsannsssnier s AR saneEenSesaesra s /ead/archdesc/dsc/c@1[1@]/did/unittitle/unitdate

BOX @ =r=cececesccscccsncnsscnscnsnrsccssnresnessessasssssnsescassnnan /ead/archdesc/dsc/c01[10]/did/container/@type

129-152 € === mmmmmmm e ee s e ssesessssssssssssssssssseae /ead/archdesc/dsc/c@1[10]/did/container

By (OirNS € ~~rvvverrreer e e /ead/archdesc/dsc/c@1[10]/c02[1]/did/unittitle

I i o A o /ead/archdesc/dsc/c@1[10]/c@2[1]/did/container/@type

O PO i v i s B /ead/archdesc/dsc/c@1[10]/¢c02[1]/did/container/

BOOKS s v sovnsnssnsnmnsmmtsisssnesmississmesessvisssssssnsnmeses ssessssies /ead/archdesc/dsc/c@1[10]/¢02[1]/c@3[4]/did/unittitle

DN o o A /ead/archdesc/dsc/c@1[10]/c@2[1]/c@3[4]/did/container/@type
LR oo e e i o i /ead/archdesc/dsc/c@1[10]/c@2[1]/c@3[4]/did/container

“The Elements of Legal Theory" (unpublished) <------------------c-- /ead/archdesc/dsc/c@01[10]/¢02[1]/c@3[4]/c04[2]/did/unittitle
Correspondence, 1951-1956 ®------=-====erecceccccccccrcsrecserecneeena. /ead/archdesc/dsc/c@1[10]/c02[1]/c@3[4]/c04[2]/cO5[1]/did/unittitle

Slides with permission by G. Silvello 1fS| FacuLty oF NFORMATICS




WIEN

BRIl R10: Automated Citation Texts

= |[earning citation models

E Human-Readable | !
Citations ; @
E - > Learner
XML Files
Collection

_____________________

Citation
Model

E Citation & i Machine-Readable E
| XPath Citation
i Citation
, System ! !
| . i | Human-Readable | |
' LT Citation

Test Data Output Reference
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= Make the PIDs resolve to a human readable landing
page that provides the data (via query re-execution)
and metadata, including a link to the superset
(PID of the data source) and citation text snippet.

- Data sets and subsets uniquely identifiable by their PID,
which resolves to a human readable landing page.

presented in a Web browser

- Not all information needs to be provided
on landing page
(e.g. query strings frequently not relevant /
potential security threat)

R11: Landing Page

------------------------

............
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H 8

R12: Machine Actionability

= Provide an APl / machine actionable landing page to
access metadata and data via query re-execution.

Experiments are increasingly automated
Machines most likely to consume data citations
Allows machines to resolve PIDs, access metadata and data
Note: does NOT imply full / automatic access to data!

* Authentication o

- Load analysis
Handshake, content negotiation,

Sarvice panel

Allows automatic meta-studies,
monitoring, ...

I L
[ earPratican J0a_rensst | [ anrProfican. PP || inteeProfcan mt_swwtt |[ 3000 | 7

___________________________
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R13: Technology Migration

H 8

= When data is migrated to a new representation (e.qg.
new database system, a new schema or a completely
different technology), migrate also the queries and
associated fixity information.

- Technology evolves and data may be moved to a new technology
stack

- Query languages change
= Migration required
- Migrate data and the queries (both are with the data center!)
- Adapt versioning, re-compute query hash-keys
- Maybe decide to keep “original” queries in the provenace trace

= Note: such data migrations constitute major projects,
usually happen rarely — require all APIs to be adapted, ...
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R13: Technology Migration

H 8

= Consider e.g. Schema Modification Operators (SMOs)
- CREATE TABLE R
- DROP TABLE R
- RENAME TABLE R
- COPY TABLE RINTO S
- PARTITION TABLE R INTO S with cond, T with !cond
- DECOMPOSE TABLE R INTO S(A,B) T(A,C)
- JOIN TABLE R,S INTO T WHERE cond
- ADD COLUMN C [as const | func(A)] INTO R
- DROP COLUMN C FROM R
- RENAME COLUMNAINRTOB

= How will the queries need to be re-written to address them?

1£S FACULTY OF !NFORMATICS




R14: Migration Verification

H 8

= Verify successful data and query migration, ensuring
that queries can be re-executed correctly.

= Sanity check: After migration is done, verify that the data
can still be retrieved correctly

= Use query and result set hashes in the query store to
verify results

= |f hash function is incompatible/cannot be computed on
new system as hash input data sequence cannot be
obtained, pairwise comparison of subset elements
- May constitute new PID / data subset in this case, as

subsequent processes will not be able to use it as input if
result set presentation has changed, breaks processes

1£S FACULTY OF !NFORMATICS




n TU RDA Recommendations - Summary

WIEN

= Building blocks of supporting dynamic data citation:
- Uniquely identifiable data records
- Versioned data, marking changes as insertion/deletion
- Time stamps of data insertion / deletions
- “Query language” for constructing subsets

= Add modules:

- Persistent query store: queries and the timestamp
(either: <when issued> or <of last change to data>)

- Query rewriting module
- PID assignment for queries that enables access

= Stable across data source migrations (e.g. diff. DBMS),
scalable, machine-actionable

1£S FACULTY OF !NFORMATICS




H 8

= Benefits

- Allows identifying, retrieving and citing the precise data
subset with minimal storage overhead by only storing the
versioned data and the queries used for extracting it

- Allows retrieving the data both as it existed at a given point in
time as well as the current view on it, by re-executing the same
query with the stored or current timestamp

- It allows to cite even an empty set!

- The query stored for identifying data subsets provides valuable
provenance data

- Query store collects information on data usage, offering a
basis for data management decisions

- Metadata such as checksums support the verification of the
correctness and authenticity of data sets retrieved

- The same principles work for all types of data

RDA Recommendations - Summary

1£S FACULTY OF !NFORMATICS




n TU RDA Recommendations - Summary

WIEN

= Some considerations and questions

- May data be deleted?
Yes, of course, given appropriate policies. Queries may then not
be re-executable against the original timestamp anymore

- Does the system need to store every query?
No, only data sets that should be persisted for citation and later
re-use need to be stored.

- Can | obtain only the most recent data set?
Queries can be re-executed with the original timestamp or with
the current timestamp or any other timestamp desired.

- Which PID system should be used?
Any PID system can, in principle, be applied according to the
institutional policy.

1£S FACULTY OF !NFORMATICS




Outline

H 8

= Why should we want to cite data”

= What identifier system should | use?

= What are the challenges in data identification and citation?

= How should we do it, according to the RDA WG?

= Who is doing it so far, and how?

=  Summary

IS
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Reference Implementations &
Standards

H 8

Reference Implementations

= MySQL — Stefan Prall

= CSV via MySQL — Stefan Proll

= CSV-files via GIT — Kristof Meixner

= NoSQL via MongoDB in CKAN - Florian Worister

Standards

= [SO 690:2010, Information and documentation — Guidelines for
bibliographic references and citations to information resources,
p.43, Sec. 16.13.5, 4th ed. 2018-09-11 — Juha Hakala

= ESIP: Data Citation Guidelines for Earth Science Data
Version 2 (draft) — Mark Parsons
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H 8

= Electronic Health Records at the Univ. of Washington in
St. Louis — Leslie Mclntosh

= Vermont Monitoring Cooperative — James Duncan

= Virtual Atomic and Molecular Data Center (VAMDC) —
Carlo Maria Zwolf

= Climate Change Centre Austria (CCCA)

= Open Earth Observation - Earth Observation Data Center
(EODC) — Wolfgang Wagner, Bernhard GolRwein

= |PSL (CNRS) — Sebastian Denville

Key Adopters so far...
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= Ocean Networks Canada

= Deep Carbon Observatory

= MyHealth MyData

= Smart Data Platform at NICT
= Dendro Data Repository

IS

n Ongoing Adoption Projects
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n IH Pilots / Adopters

= Series of Webinars presenting implementations
- Recordings, slides, supporting papers

- https://www.rd-alliance.org/group/data-citation-wqg/
webconference/webconference-data-citation-wg.html

- Implementing of the RDA Data Citation Recommendations by the
Climate Change Centre Austria (CCCA) for a repository of
NetCDF files

- Implementing the RDA Data Citation Recommendations for
Long-Tail Research Data / CSV files

- Implementing the RDA Data Citation Recommendations in the
Distributed Infrastructure of the Virtual and Atomic Molecular
Data Center (VAMDC)

- Implementation of Dynamic Data Citation at the
Vermont Monitoring Cooperative

- Adoption of the RDA Data Citation of Evolving Data
Recommendation to Electronic Health Records
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RESEARCH DATA ALLIANCE

Reference Implementation for
CSV Data (and SQL)

Stefan Proll, SBA
Christoph Meixner, TU Wien

research data sharing without barriers
rd-alliance.org




n IH Large Scale Research Settings

= RDA recommendations implemented in data infrastructures

= Required adaptions

Introduce versioning, if not already in place
Capture sub-setting process (queries)

Implement dedicated query store to
store queries

A bit of additional functionality
(query re-writing, hash functions, ...)

Done! ?

“‘Big data”, database driven
Well-defined interfaces
Trained experts available

S5 o query

“Complex, only for professional research infrastructures” ?
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H 8

Long Tail Research Data

Big data,
well organized,
often used and cited

\ ; —

Less well organized, <“pDgrk data”
non-standardised

no dedicated infrastructure
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= Solution for small-scale data
- CSV files, no “expensive” infrastructure, low overhead

Prototype Implementations

2 Reference implementations :

= Git based Prototypes: widely used versioning system
- A) Using separate folders
- B) Using branches

= MySQL based Prototype:
- C) Migrates CSV data into relational database

= Data backend responsible for versioning data sets

= Subsets are created with scripts or queries
via APl or Web Interface

= Transparent to user: always CSV
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Git Implementation 1
= Upload CSV files to Git repository (versioning)
= Subsets created via scripting language (e.g. R

= Select rows/columns, sort, returns CSV + metadata file

= Metadata file with script parameters stored in Git
= (Scripts stored in Git as well

- ID assigned to metadata file

= Use Git to retrieve proper data set version
and re-execute script on retrieved file

| Uniracked | | Unmanted

| L IR B | [ Staged |

1

: Aad Al pos comenilt
B3 | = >

1 CFackuk
7 Stons Soript
— —_—
- Enjait £5V Sibsat by Ra-exe illon
-+ -

g
i Lk v sk lnlsmaian

< >

n Git-Based Reference Implementation

citf --git m/wralilist.cow bissalllist,
dredea feameei, | teebea
- afuamlliick.eaw

prodaaloinsall
crn.samrsdhateat | erm

PID=1234/abedefgh
Repository Pal

=/media/Dato/Git—Repository
015 —09—30:11:07:09
pting front—end
wsr/bin/Rscript
Input_Scvipt_Paih=supercompuling /lop5—s
# dnpul_Script-Mash=bel5d .. . d7861:supercor
# Dateset Path=supercompnuting/
Dataset Commit Has
Qutpul_Path=/linp/s

e W
=

mersion 4.2.2 [20

g

e He

Pl
uting /top$
computer. esw

supercomputer. osu
csw

Oviginal erecution

n/Rseript supercompuling/lopS—script .r \
Data/Git—veposilory/supercompuling/superce
upercomputer—top5. csv

# Recommended re—evecution
# Relrieve scripl

git —git—dir=/media/Data/Cit—Repository /. git/ \
show befSd...d7861:supercomputing/tops

soript.r \

> Jtmp/reproduced —datuaset topb—script . r
# Relrieve dula sel
git —git—dir=/media/Data/Git—Recp tory /. git/

show 47bed

bO792: supercomputing /supercomputer
> Jtmp/reproduced —datasets /supercomputer . csv

# Resecule

fusr/bin/Recript supercomputing/tops—script.r \
Jtmp/raproduced —datasets /supercomputer. csv

Jtmp/reproduced —datasets /supercomputer—topi . csv

12M, TIETSL, 2ap ke
ER LR R

15—08—14)

—scriph.v

mpuler ., csv
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WIEN

n MY Git-Based Reference Implementation

Git Implementation 2
= Addresses issues
- common commit history, branching data

= Using Git branching model:
Orphaned branches for queries and data

- Keeps commit history clean

- Allows merging of data files - _¥
= Web interface for queries (CSV2JDBC) g3 .¢m -3
= Use commit hash for identification -

- Assigned PID hashed with SHA1

- Use hash of PID as filename (ensure permissible characters)
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n M Git-Based Reference Implementation

WIEN

= Prototype: hitps://github.com/Mercynary/recitable

@ ReCitable Step 2: Create a
Creatc_elnewdataset. subset with a SQL
w | query (on CSV data)

@ ReCiteable

Choose Action!

Create new dataset from:
ZAMG-MetroData :

Step 1: Select a CSV
file in the repository

Query:
Select selec
Select query to rerun:

Try Save
Station Name Héhe m Datum Zeit T°C TP °C

RRRRR 11010 Linz/Hérsching 298 28-02-2016 18:00 75 2,2
11012 Kremsmiinster 183 28-02-2016 18:00 7.3 2.6
11022 Retz 320 28-02-2016 18:00 8 4,4
11035 :‘:,::t‘i Hohe 209 28-02-2016 18:00 8,6 54
1036 Wien/Schwechat 183 28-02-2016 18:00 8,6 55
11101 Bregenz 424 28=02=2016 18:00 4 1.8
11121 Innsbruck 574 28-02-2016 18:00 12,5 1,1
11126 Patscherkofel 2247 28-02-2016 18:00 -9 -3,6
11130 Kufstein 495 28-02-2016 18:00 6,5 2,1

L 1 1150 Salzburg 430 28-02-2016 18:00 6,7 33 | |

@ ReCitable

@ ReCiteable

(reate new dataset.

.
Pataset: Choose Action!
Create new dataset from:
Q ZAMG- Drata
11111
Select
Select query to rerun:
C ¢ 12c28122-5c3b-48c6-b0bO-51FadBIGEAFS =
ommi
PID:

12c28122-5c3b-48c6-b0bS-51FadB9664FS

Deseription:
My first

Step 3: Store the query Step 4: Re-Execute!
script and metadata ' '
i |

L b




n TU MySQL-Based Reference Implementation

WIEN

Barrymieny

MySQL Prototype ~

= Data upload
- User uploads a CSV file into the system

= Data migration from CSV file into RDBMS s s s s s
- Generate table structure
- Add metadata columns (versioning)
- Add indices (performance)

= Dynamic data
- Insert, update and delete records

- Events are recorded with a timestamp

= Subset creation
User selects columns, filters and sorts records in web interface

- System traces the selection process
- Exports CSV S| FacuLTY oF !NFORMATICS




n TU MySQL-Based Reference Implementation

WIEN

=  Source at Github:
— https://github.com/datascience/RDA-WGDC-CSV-Data-Citation-Prototype

= Videos:
— Login: https://youtu.be/EnralwbQfMO
— Upload: https://youtu.be/xJruifX9e2U
— Subset: https://www.youtube.com/watch?v=it4sC5vYiZQ
— Resolver: hitps://youtu.be/FHsvisUMiiY
— Update: https://youtu.be/cMZ0xoZHUy!

— e rg——— .
enes Seach
B SYSTREM SEOUENCE 1 no i name Tl o o
z P —— a1 e e e

dnmrey Thamas sy i Arsn 2 et e
EEEEEE

3 Sicphanin  Feder stowdorfPapiciounge infy  Seychelles 18

Triwna [ Buberta P ams [ %

Catherine Chagman echapmman@skiniscom  Pieneand 18
eeeeeee

] Fugses Lawrence fawence@mibocedy  Singapore 12

] Pimaakel Dkt smilicrt ik namn [
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n CSV Reference Implementations

Stefan Proll, Christoph Meixner, Andreas Rauber

Precise Data ldentification Services for Long Tail Research Data.
Proceedings of the intl. Conference on Preservation of Digital Objects
(iPRES2016), Oct. 3-6 2016, Bern, Switzerland.

Source at Github:
https //q |th u b .CO m/d ataSC|en Ce/ Precige Dala lentication %?glceg tor Lang Tall Fiesearch
RDA-WGDC-CSV-Data-Citation-Prototype e g

Videos:

= | ogin: https://youtu.be/EnralwbQfMO

= Upload: htips://youtu.be/xJruifX9e2U

= Subset: https://www.youtube.com/watch?v=it4sC5vYiZQ
= Resolver: https://youtu.be/FHsvisUMilY

= Update: hitps://youtu.be/cMZ0xoZHUyI
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@D

RESEARCH DATA ALLIANCE

WG Data Citation Pilot

CBMI @ WUSTL

Cynthia Hudson Vitale, Leslie Mcintosh,
Snehil Gupta
Washington University in St.Luis

research data sharing without barriers
rd-alliance.org




TU

v Biomedical Adoption Project Goals

= |Implement RDA Data Citation WG recommendation to
local Washington U i2b2
= Engage other i2b2 community adoptees

= Contribute source code back to i2b2 community

= Repository
https://qgithub.com/CBMIWU/Research Reproducibility
= Slides
http://bit.ly/2cnWorU
= Bibliography
https://www.zotero.org/groups/biomedical informatics resrepro
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WIEN

n LY RDA-MacArthur Grant Focus

,—-—\
\_/

ETL
e p{ Rasearch Data —_— '
Core (RDC) < >
X p Data Broker
ETL

Clinical Data
Source

Researchers

12b2 SHRINE
SCILHS-12b2 Application N Application
———
SAS DATASET

—
PopMedNet
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n TU R1 and R2 Implementation

3

1 triggers RDC.hist_table*

™, A ? c1 |c2 | c3 |sys period

RDC.table

c1 c2 c3 sys_period

PostgreSQL Extension

“temporal_tables”

*stores history of
data changes
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n V!.H Return on Investment (ROI) - Estimated

= 20 hours to complete 1 study
= $150/hr (unsubsidized)
= $3000 per study

= 115 research studies per year
= 14 replication studies
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n IH CBMI Research Reproducibility Resources

= Repository

https://qgithub.com/CBMIWU/Research Reproducibility

= Slides
http://bit.ly/2cnWorU

= Bibliography

https://www.zotero.orag/groups/biomedical informatics resr

e

ro
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@D

RESEARCH DATA ALLIANCE

From RDA Data Citation
Recommendations to new paradigms for
citing data from VAMDC

C.M. Zwolf and VAMDC Consortium
carlo-maria.zwolf@obspm.fr

research data sharing without barriers
rd-alliance.org




n The Virtual Atomic and Molecular Data Centre

» Federates 29 heterogeneous databases

-

http://portal.vamdc.org/
Plasma
sciences

y »The “V” of VAMDC stands for Virtual in the

o sense that the e-infrastructure does not
Astrophysics | teerinies contain data. The infrastructure is a wrapping

g . Y for exposing in a unified way a set of
VAMDC heterogeneous databases.

Single and >Th fium is political ved

unique access »The consortium is politica yorganlze.
to ~ around a Memorandum of understanding (15
, He?lth a{‘d ‘ heterogeneous f Atmospheric ‘;nLernatlcz)nalanierers have signed the MoU,

clinica . ovemper
sciences A+M Physics
R —— Databases — _ L
»High quality scientific data come from
different Physical/Chemical Communities
" Fusion Environmental ~Provides data producers with a large
technologies sciences dissemination platform
\,—,/ \, S

»Remove bottleneck between data-
prdducer} and wide body of users
1£S| FacuLTY OF 'NFORMATICS




n IH VAMDC Infrastructure Technical Architecture

Resource

registered ReQIStry Asks for available
into Layer resources
VAMDC
Standard Layer Clients
(dispatch
Independent Accept queries submitted in query on all
A+M standard grammar the
database registered Set of
tandard
VAMDC wrappin resources) stal
layer g V:iE/IpDC? Results formatted into « Portal files
Node standard XML file (XSAMS) . SpecView
+ SpectCol

 VAMDOC is agnostic about the local data storage strategy on each node.

* Each node implements the access/query/result protocols.

 There is no central management system.

* Decisions about technical evolutions are made by consensus in Consortium.

» It is both technical and political challenging to implement the WG recommendations.
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n Let us implement the recommendation!!

Implementation will be an overlay to the standard / output layer, thus
independent from any specific data-node

Tagging versions of data

1 = Fine grained granularity:
Evolution of XSAMS output
standard for tracking data
modifications

2 - Coarse grained
granularity:
At each data modification to a
given data node, the version
. of the Data-Node changes

Two layers
mechanisms

With the second mechanism we know that
something changed : in other words, we
know that the result of an identical query
may be different from one version to the
other. The detail of which data changed is

accessible using the first mechanisms. .

IS
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n Let us implement the recommendation!!

Implementation will be an overlay to the standard / output layer, thus
independent from any specific data-node

Tagging versions of data

1 = Fine grained granularity:
Evolution of XSAMS output
standard for tracking data
modifications

2 - Coarse grained
granularity:
At each data modification to a
given data node, the version
of the Data-Node changes

Two layers
mechanisms

ey

With the second mechanism we know that
something changed : in other words, we
know that the result of an identical query
may be different from one version to the
other. The detail of which data changed is
accessible using the first mechanisms

Query Store

Is built over the versioning of Data

Is plugged over the existing
VAMDC data-extraction
mechanisms

Due to the distributed VAMDC
architecture, the Query Store
architecture is similar to a
log-service
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n TU Data-Versioning:
uidl Overview of the fine grained mechanisms
This approach has several advantages:

* |t solves the data tagging granularity problem
* |tisindependent from what is considered a dataset
* The new files are compliant with old libraries & processing
programs
 We add a new feature, an overlay to the existing structure
 We induce a structuration, without changing the structure

New model for datasets citation and extraction reproducibility in VAMDC,
C.M. Zwolf, N. Moreau, M.-L. Dubernet, J. Mol. Spectrosc. (2016),
http://dx.doi.org/10.1016/].jms.2016.04.009 Arxiv version:
https://arxiv.org/abs/1606.00405
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n Let us focus on the query store:

Sketching the functioning — From the final-user point of view:

>

Use DOl in

papers

Data extraction procedure

VAMDC portal  query

(query
interface)

- —)
Manage queries

(with authorisation/
authentication)

/~ Group arbitrary set
of queries (with
related DUI) and

assign them a DOI
to use in

\\ publications //

C ted
VAMDC ompute
. response
infrastructur
e

The original query

Date & time where query was
processed

Version of the infrastructure when
the query was processed

List of publications needed for
answering the query

When supported (by the VAMDC
federated DB): retrieve the output
data-file as it was computed
(query re-execution)

VAMD portal
(result part)

Query
Metadata

Access to the
output data file

Digital Unique
Identifier
associated to
the current
extraction

SOA|0S9Y

v

Landing
Page

21015 AJ1anyD



n Let us focus on the query store:

The difficulty we have to cope with: )

« Handle a query store in a distributed environment (RDA did not
design it for these configurations)
» Integrate the query store with the existing VAMDC infrastructure

AN 4

The implementation of the query store is the goal of a jointly
collaboration between VAMDC and RDA-Europe

« Development started during spring 2016

« Final product released during 2017

Collaboration with Elsevier for embedding the VAMDC query store into
the pages displaying the digital version of papers.

Designing technical solution for

« Paper / data linking at the paper submission (for authors)

« Paper / data linking at the paper display (for readers)

[ ]

1£S FACULTY OF !NFORMATICS




@D

RESEARCH DATA ALLIANCE

Climate Change Centre Austria
(CCCA)

Chris Schubert
chris.Schubert@ccca.ac.at

research data sharing without barriers
rd-alliance.org




H 8

CCCA CA

Climate Change Centre Austria

Climate research network for sustained, high-quality
Austrian climate research.

28 members (11 universities, 13 non-university institutions,
4 supporting members)

Structure: Coordination Office (Vienna, BOKU), Service
Centre (Univ. Graz), Data Centre (ZAMG, Vienna)

Service available at http://data.ccca.ac.at

-/ wdtzzze umweltbundesamt®
WI FO - AGE S } A I Tégg'g&#:{%vluc ﬂl“‘ s ; : 'A-_,'.'-_ * _‘.
™~ TOMQRROW TODAY s . ESSL
{\ _ UNIVERSITAT Wk
UNI @Ku g HS.HLZB URG Z_ .. & INSTITUT FUR ||Ir|rm o
Erey H -1+ INDUSTRIELLE v e
BFW. - @ gt (l) oaooe fois G
' i [ 1ASA
JOANNEUM ))))j \/ ﬂ'!u
RESEARCH i —
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|| S .
UNIY 1
W . C“A Geologische Bundesanstalt



long term archiving
High Performance Computing

Slide by Chris Schubert

CCCA

distributed Services

& catalogs

web based
data infrastructure

‘o

CCCA Data Centre

)

Open Source

Data Management Plans

solution

provision of climate-
relevant information,
data, algorithms, reports

interoperable interfaces
to international portals,
standards, legislation
(e.g. INSPIRE)

conception for long term
archiving of research
data & repositories

capacity building,
consultancy and support
for data sharing
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CCCA Data Centre Hardware

LINUX-Cluster Web-/sftp
Server

Cisco C460M1
512 GB RAM

Netbackup :
Clients Cisco Nexus
5000
Cisco C460M1 Cisco Nexus

512 GB RAM 5000

Netbackup
Clients 10Gbe

network

Slide by Chris Schubert

CCCA

limitation per user)

queing,

2 x 10Gbe network

112 LJL.]“II.-";'.;:

Vienna Scientific Cluster

:

Storage
> 600TB

IIIIII

backup
&
long term
archive

computing
| on request

| G
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CCCA P

... a data portal among many others?
FEATURE No.4 &5

= handle® Service implemented to serve persistent
identifier (PID) -> fundamental for DataCitation

hdl.handle.net/20.500.11756/7b9374de

Cite this resource:

Using this data set or resource, you should cite this data set according to the given copyright conditions with following citation rules.

Hiebl et al. (2016). cdd-1961-2011-annual (Ver. 1). Retrieved from CCCA Data Centre: https://hdl_handle_net/20.500.11756/fa338331.
Access Date: February 22, 2017

Your Publication Your Data

Dy Mean Near-Sisface Air Temperslus

formal
Data Citation

Slide by Chris Schubert I£S| FacuLTY oF 'NFORMATICS




CCCA

H 8

= NetCDF Files:

Dimension
Dimension A Elevatjron (2)
Latitude (y) 1
\

h- Temperature
_—" (Variable)

#
"
-

Dimension:
Longitude(x)

modified and based on UCAR Unidata, www.unidata.ucar.edu/

Slide by Chris Schubert

NetCDF File

IS

I

Variable

Dimension :

Fite
Deseription

1" Dimansion
Description

1* Variable
Deseription
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<MD_id>

Version_3

CCCA

query var & lat/lon bbox

select var[tmax]

lat/lon[48,14]
from ATScene [hdl.ecf]

Version_1
. ID hdl.ecf
</MD_id>
</timestamp>
<MD_id::resource> v 3.0
PID hdl.ecf this version

- latest version
</MD_id::resource>

Slide by Chris Schubert

<timestamp>
2016-06-29

</timestamp>

W E,
PID hdl.ctg
checksum
Version_1
A\
,query db

IS
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CCCA

Implementation approach

subset request

subset response

ckan Webserver

(nginx)

Subset File: y
» (WMS) directly served via Webserver
» x-accel.redirect (nginx)

* Performance reason

Parameters for subset generation

Thredds Data
Server (TDS)

Unidata
1Ds: NCSS (NetCDF
+ WMS Service Subset Service)

* OpenDAP

* grid / station / point / time series
EXpOFt storage

+ NetCDF, CSV, XML, WaterML2 -

NCSS:

* Subsetting
https://www.unidata.ucar.edu/software/thredds/v4.6/tds/reference,

NetcdfSubsetServiceReference.html#DatasetDescription

————————>

Python Web application:

* Permission check

* Create new dataset/subset (quotable)
+ define url incl. subset arguments

+get PID
\ + landing page — meta information
\ + relation to parent data set/resources

* Pass request to Thredds data Server

Python App. Server (uwsgi)

ckan (data management system)

? Query store: \\

* uses HTTP GET as query
* url’s stored Handle.NET®

Registry Server

Slide by Chris Schubert



CCCA (-_A
* for subsetting datasets

* uses HTTP GET as query in following scheme:
http://{host}/{context}/{service}/{dataset}[/dataset.html | {?query}]

Subsetting parameter used:

* var - names of our layer

* north, south, east, west - for the geographical extend, the bounding box

* time_start, time_end, time_duration - for time extend, limited only on 5 years interval
* accept - specify the returned format

L
()]
QO
e’
Q
=
v
v
()
=

Subset Service)

All "http get" stored as url in our ckan data store

PID:
hdl.handle.net/20.500.11756/93887ecf

https://data.ccca.ac.at/tds_proxy/ncss/1dba52b2-4fd0-4fal-a3ac-
cfbOb94a76707?north=47.73168822550699&west=9.021605998277664&accept=netCDF&var=tas&east=1
2.031859904527664&south=46.77724203092812

query store
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Outline

= Why should we want to cite data”

= What are the challenges in data identification and citation?
= How should we do it, according to the RDA WG?

= Who is doing it so far, and how?

=  Summary
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Summary

= Data citation essential for solid and efficient science

(but not just for science!)
= |t is more than just giving credit

= Human-readable and machine-actionable

= RDA recommendations

- Time-stamp and version data if it is evolving

- Provide PIDs to arbitrary subsets via selection mechanism (“query”)
(rather than statically assigned PIDs to pre-defined subsets)

= 2 PIDs:

- for evolving intellectual object
- for precise, static subset
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n TU Benefits

= Precisely identify any arbitrary subset of data

= Principles applicable to all types of data

= Straightforward to implement in most settings

= Optimizations for high-volume / very dynamic data possible
= Transparent for the analyst / data scientist

= Reduces documentation effort for analysts / data scientist

= Reduces data management complexity for data centre

= |ncreases traceability of results, trust
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Thank youl!
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queries

Thanks! ey
https://rd-alliance.org/working-groups/data-citation-wg.html
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) Editing data for Data 3
consortium .

1 UPDATE 20001 _test SET “Si Stevensvile Brook' WHERE @9._tab
2 DELETE FROM 20007_lest where ab_latie_pk=30 2010
3 DELETE FROM 20007_test where db_tabie_pk=35

Actions SitelD LabiD Cate MeanDensity Mear @

B/ Stevensvile 2000187 0000-00-00 4644322354 390 ; JE—
Brook ; XPath
| Fd Winhal 2011081 20111007 201 475
River H XML File

| V4 winhal 2012089 201209-27 1981 520 -
Rrver
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