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Digitalization in everyday life
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A Relational Model of Data for
Large Shared Data Banks

E. F. Copp
IBM Research Laboratory, San Jose, California

Future users of lorge data banks must be protected from
having to know how the data is organized in the machine (the
intemal representation). A prompting service which supplies
such information is not o satisfactory solution. Activiies of users
at terminals and most application programs should remain
unaffected when the intemal representation of data s changed
ond even when some aspects of the extemal representation
are changed. Changes in dota representation will often be
needed as a result of changes in query, update, and report
traffic and natural growth in the types of stored information.
Existing noninferential, formatted data systems provide users
With tree-structured flles or slightly more general network
models of the data. In Section 1, inadequacies of these models
are discussed. A model based on n-ary relations, @ normal
form for data base relations, and the concept of o universal
data sublonguage are introduced. In Section 2, certain opera-
tions on relations (other than logical inference) are discussed
and opplied fo the problems of redundancy and consistency
in the user's model.
KEY WORDS AND PHRASES: dato bark, data base, data srockrs, dota
orgonizafon, iararchies of dato, netwarka of dato, relctiom, derivabilty,
redundoncy, comitency, composifon foin retival language, predicota
cakeulus, security, dato integrity
CR CATEGORKES:  3.70, 3.73, 375, 4.20, 422, 4.29

1. Relational Model and Normal Form

InTnoDUCTION
This paper is concerned with the application of ele-
mentary relation theory to systems which provide shared
acooss o large banks of formatted data, Except for a paper
by Childs [lI. ‘the principal application of relations to data
has been to deductive question-answering systems.
Levein and Maron [2] provide numerous references to work
in this area,

In contrast, the problems treated here are those of data
independence—tho independence of spplication programs
and terminal activities from growth in data types and
changes in a.u rwluenudon—md certain kinds of data

ch are expected to become troublesome
even in nnmieduchve systems.

Volume 13 / Number 6 / June, 1970

The relational view (or model) of data described in
Section 1 appears to be superior in several respects to the
graph or network model [3, 4] presently in vogue for non-
inferential systems. It provides a means of describing date
with its natural structure only—that is, without superim-

posing any additional for
‘purposes. Accordingly, it provides a basis for a high level
data language which will yield maximal independence be-
tween programs on the one hand and machine representa-
tion and organization of data on the other.

A further advantage of the relational view is that it
forms a sound basis for treating derivability, redundancy,
and consistency of relations—these are discussed in Section
2. The network model, on the other hand, has spawned a
number of confusions, not the least of which is mistaking
the derivation of connections for the derivation of rela-
tions (see remarks in Section 2 on the “connection trap”).

Finally, the relational view permits a clearer evaluation
of the scope and logical limitations of present formatted
data systems, and also the relative merits (from a logical
standpoint) of competing representations of data within a
single system. Examples of this clearer perspective are
cited in various parts of this paper. Implementations of
systems to support the relational model are not discussed.

1.2 Dara DupeNpENCIES 1N PRESENT Systis

‘The provision of data description tables in recently de-
veloped information systems represents a major advance
toward the goal of data mdapmdeuoe (6,6, 7]. Such tables
facilitate changing certain characteristics of the data repre-
sentation stored in a data bank. However, the variety of
data representation characteristics which can be changed
without logically impairing some application programs is
still quite limited. Further, the model of data with which
users interact is still cluttered with representational prop-
erties, particularly in regard to the representation of col-
lections of data (as opposed to individual items). Three of
the principal kinds of data dependencies which still need
to be removed are: ordering dependence, indexing depend-
ence, and access path dependence. In some systems these
dependencies are not clearly separable from one another.

121, Ordering Dependence. Elements of data in a
data bank may be stored in a variety of ways, some involy-
ing no concern for ordering, some permitting each element
to participate in one ordering only, others permitting each
element to participate in several orderings. Let us consider
those existing systems which either require or permit data.
elements to be stored in at least one total ordering which is
closely associated with the hardware-determined ordering
of addresses. For example, the records of  file concerning
parts might be stored in ascending order by part serial
number. Such systems normally permit application pro-

to assume that the order of presentation of records
from such a file is identical to (or is a subordering of) the
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Improving Access to Scientific Literature with
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Abstract: The transfer of knowledge has not changed fun-

Keywords: Subject classification; knowledge graph; se-
mantic web; crowdsourcing; text mining

‘ment-based-formerly printed on paper as a classic essay
and nowadays as PDF. With around 25 million new re-
search contributions every year, researchers drown in a
flood of pseudo-digitized PDF publications. As a result
research is seriously weakened. In this article, we argue for
representing scholarly contributions in a structured and

Wissensgraphen

Zusammenfassung: Der Verbreitung wissenschaftlicher
Erkenntnisse hat sich seit vielen hundert Jahren nicht
‘grundlegend verdndert: Ex erfolgt in der Regel dokumen-
tenbasiert - friiher als Klassischer Aufsatz auf Papier ge-
druckt und heute online als PDF. Mit rund 25 Millionen

y
information represented in a knowledge graph is readable

view on the Open Research Knowledge Graph (ORKG), a
service implementing this approach. For creating the
knowledge graph representation, we rely on a mixture of

neuen inken Forscher in
einer Flut von pseudo-digitalisierten PDF-Publikationen.
Als Folge davon wird die Forschung stark geschwéicht. In

e

rége in strukturierter und semantischer Form als Wissens-
‘graph zu représentieren. Der Vortell ist, dass die in einem

‘manual sourcing) and

techniques. Only with such a combination of human and

‘machine intelligence, we can achieve the required quality

of the representation to allow for novel exploration and
Asa result, a scholarly

fir Maschinen
und Menschen lesbar sind. Als Beispiel geben wir einen
Uberblick @ber den Open Research Knowledge Graph
(ORKG), einen Dienst, der diesen Ansatz umsetzt. Fir die

knowledge graph such as the ORKG can be used o give a
condensed overview on the state-of-the-art addressing a
particular research quest, for example as a tabular com-
‘parison of contributions according to various characteris-
tics of the approaches. Further possible intuitive access
interfaces to such scholarly knowledge graphs include

manuellen (crowd/expert sourcing) und (halb-Jautomati-
sierten Techniken ein. Nur mit einer solchen Kombination
aus menschlicher und maschineller Intelligenz konnen
wir die erforderliche Qualitit der Darstellung erreichen,

Forscher zu ermoglichen. Im Ergebnis kann ein Wissens-

ural language questions.

Dr. Séren A b

grap , um einen k

eine bestimmte Forschungsaufgabe zu geben, 2.B. als ta-
bellarischer Vergleich der Beitrige nach verschiedenen
Merkmalen der Ansitze. Weitere mégliche intuitive Nut-

2u solchen Wis-
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1. Relational Model and Normal Form

IntRopUCTION

This paper is concerned with the spplication of ele-
mentary relation theory to systems which provide shared
access to large banks of formatted data. Except for a paper
by Childs (1], the principal application of relations to data

has been to deductive question-answering systems.
Levein and Maron [2] provide numerous references to work
in this area,

In contrast, the problems treated here are those of daa
independence—tho independence of application programs
and terminal activities from growth in data types and
changes in data representation—and certain kinds of data

are expected to become troublesome
even in nondeductive systems.

Volume 13 / Number 6 / June, 1970

Not much has changed!

The relational view (or model) of data deseribed in
Section 1 appears to be superior in several respeots to the
graph or etwork model [3, 4] presently in vogue for non-
inferential systems. It provides a means of deseribing data
with its natural structure only—that s, without superim-
‘posing any additional structure for machine representation

. Accordingly, it provides a basis for a high level
data language which wil yield maximal independence be-
tween programs on the one hand and machine representa-

ce does not harvest
the full potential of digitalization

AL IOV GI OIS WA G U0 G
without logically impairing some application programs is
still quite limited. Further, the model of data with which
users interact is still cluttered with representational prop-
erties, particularly in regard to the representation of col-
lections of data (as opposed to individual items). Three of
the principal kinds of data dependencies which still need
to be removed are: ordering dependence, indexing depend-
ence, and access path dependence. In some systems these
dependencies are not clearly separable from one another.

121, Ordering Dependence. Elements of data in a
data bank may be stored in a variety of ways, some involy-
ing no concer for ordering, some permitting each element
to participate in one ordering only, others permitting each
element to participate in several orderings. Let us consider
those existing systems which either require or permit data.
elements to be stored in at least one total ordering which is
closely associated with the hardware-determined ordering
of addresses, For example, the records of a file concerning
parts might be stored in ascending order by part serial
number. Such systems normally permit application pro-
grams to assume that the order of presentation of records
from such a file is identical to (or is a subordering of) the
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Knowledge graph such as the ORKG can be used to give a
condensed overview on the state-of-the-art addressing a
particular research quest, for example as a tabular com-
‘parison of contributions according to various characteris-
tics of the approaches. Further possible intuitive access
interfaces to such scholarly knowledge graphs include

Kouwnrds: Subioet claccification: knowlodon oranh: <.

manuellen (crowd/expert sourcing) und (halb-Jautomati-
sierten Techniken ein. Nur mit einer solchen Kombination
aus menschlicher und maschineller Intelligenz konnen
wir die erforderliche Qualitit der Darstellung erreichen,

Forscher zu ermoglichen. Im Ergebnis kann ein Wissens-

pe ofnat-
ural language questions.

Dr. Séren A b

wrap erden, um i

eine bestimmte Forschungsaufgabe zu geben, z.B. als fa-
bellarischer Vergleich der Beitrige nach verschiedenen
Merkmalen der Ansitze. Weitere mégliche intuitive Nut-

u solchen Wis-

Alard Oelen, allard.oelen@tib.eu
‘Muhammad Haris, muhammad.haris@tib.eu
r. Markus Stocker, markus.stocker@tib.eu

. Jennifer D'Souza, ennifer. dsouza@tib.eu
Kheir Eddine Farfar, khelr farfar@ib.eu

Lars Vogt, Lars.vogt@tib.eu

‘Manuel rinz, manuel prinzgptb.eu

Vitalis Wiens, vitalis wiens @tib.eu

Mohamad Yaser Jaradeh, yaser jaradeh @tib.eu

sensgraphen sind doménenspezifische Visualisierungen
oder die Beantwortung natiirlichsprachlicher Fragen mit-
tels Question Answering.

Se-

mantic Web; Crowdsourcing; Text Mining



A Consequence of Document Centered Information Flows:
The Publication Flood
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» Globally ~ $1.7 trillion spent on research
* Researchers lack overview, even in small fields >
* Loss of knowledge

« Answering questions is like looking for a needle in

the haystack




Further challenges of document-centered
iInformation flows

* Reproducibility Crisis
« Monopolization of commercial actors
» Deficiency of Peer-Review

» Predatory Publishing




An example — CRISPR

crispr

About 909.000 results (0,05 sec) LeSS th an a Sp eC Ifl C res earC h q u est | 0 n S
million results

Applications of CRISPR technologies in reSeaggh and beyond

R Barrangou, JA Doudna - Nature biotechnology, 2016 - nature.com

... During CRISPR-mediated vaccination (top), the acquisition machinery (Cas1 and Cas2) ...

CRISPR array. During the expression stage (center), the Cas machinery transcribes CRISPR ... ° Wh o) app I | ed C R I S P R to b utte rﬂ Ies’)

Yr Save DY Cite Cited by 957 Related articles All 6 versions

Delivering CRISPR: a review of the challenges and approaches : N
CA Lino, JC Harper, JP Carney, JA Timlin - Drug delivery, 2018 - Taylor & Francis ° HOW to apply CRISPR Wlth mlnlmal
... the brief history and basic mechanisms of the CRISPR/Cas9 system and its ... CRISPR/Cas9 C O Stsf)

to provide functions beyond gene editing. We introduce several factors that influence CRISPR/...
Yr Save 99 Cite Cited by 1019 Related articles All 12 versions

w1 CRISPR-based diagnostics * How do different genome editing
MM Kaminski, OO Abudayyeh, JS Gootenberg... - Nature Biomedical ..., 2021 - nature.com teCh n | q u eS CO m paref)

... with the CRISPR-associated (Cas) enzyme. Although there are diverse CRISPR-Cas ...
these systems are connected by their dependence on CRISPR RNA (crRNA), which guides ...
Yy Save DY Cite Cited by 474 Related articles All 10 versions

CRISPR, the disruptor



Time to Rethink Scholarly Communication!

“The lightbulb was not invented by
Improving the candle.”
Oren Harari

Digitalization is more than just Digitization!
Current and future scientific challenges can not be
tackled with an outdated communication system.

Digitalize Knowledge,
Not Documents!




Knowledge Graphs are widely used in industry...
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Why not use them for (open) science as well?

https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019
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Knowledge Representation in Graphs

From papers...
3 bioRyiv

THE PREPRINT SERVER FOR BIOLOGY

bioRxiv posts many COVID19-related papers. A reminder: they have not been formally peer-reviewed and should

not guide health-related behavior or be reported in the press as conclusive.
A Follow this preprint

New Resulis

A practical guide to CRISPR/Cas9 genome editing in Lepidoptera

Linlin Zhang, = Robert D. Reed

doi: https://doi.org/10.1101/130344
Now published in Diversity and Evolution of Butterfly Wing Patterns doi: 10.1007/978-981-10-4956-9_8

[3 Preview PDF

Full Text

Abstract

Abstract
CRISPR/Cas9 genome editing has revolutionized functional genetic work in many organisms

and is having an especially strong impact in emerging model systems. Here we summarize
recent advances in applying CRISPR/Cas9 methods in Lepidoptera, with a focus on providing
practical advice on the entire process of genome editing from experimental design through to
genotyping. We also describe successful targeted GFP knockins that we have achieved in

butterflies. Finally, we provide a complete, detailed protocol for producing targeted long deletions

in butterflies.

...10 Knowledcge R. D. Reed
o) orcid.org/0000-0002-6065-6728
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\ Genome editing in
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ORKG: Lighthouse in the Publication Flood




Features of the ORKG
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Structured description of scholarly outputs

Real-Time PCR Threshold Cycle Cutoffs Help To Identify Agents Causing Acute Childhood Diarrhea in
Zanzibar
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Real-Time PCR Threshold Cycle Cutoffs Help To Identify Agents
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of acute diarrh

Molecular assays might improve the identification of

dnm but might lead to more frequent detection

of asymptomatic infections. In the present study, real-time PCR ing 14 was applied to rectal swabs from 330 %= praferances Provenance Timeline
children aged 2 to 59 months in Zanzibar, including 165 patients with acute diarrhea and 165 asymptomatic control subjects. At -
t one pathogen was dete: or of patients an % of the cont Wil rates among patients for norovirus
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that may be critical for the interpretation of results for pathogens with similar detection rates in patients and controls. The re- beginning Value not renorted in naper =
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Real-Time PCR Threshold Cycle Cutoffs Help To Identify Agents
Causing Acute Childhood Diarrhea in Zanzibar

Kristina Elfving,*® Maris Andersson,* Mwinyi I. Msellem* Christina Welinder-Olsson,* Max Petzold,® Anders Bjorkman,*
Birger Trolifors,” Andreas Mirtensson,* Magnus Lindh®

Molecular assays might improve the identification of causes of acute diarrheal disease but might lead to more frequent detection
of asymptomatic infections. In the present study, real-time PCR targeting 14 pathogens was applied to rectal swabs from 330
children aged 2 to 59 months in Zanzibar, including 165 patients with acute diarrhea and 165 asymptomatic control subjects. At
least one pathogen was detected for 94% of the patients and 84% of the controls, with higher rates among patients for norovirus
genogroup 11 (20% versus 2.4%; P < 0.0001), rotavirus (10% versus 1.8%; P = 0,003), and Cryptosporidium (30% versus 11%;

P < 0.0001). Detection rates did not differ signif ly for igenic Esch coli (ETEC)-estA (33% versus 24%),
ETEC-eltB (44% versus 46%), Shigella (35% versus 33%), and Campylobacter (35% versus 33%), but for these agents threshold

cycle (C;) values were lower (pathogen loads were higher) in sick children than in controls. In a multivariate analysis, C; values
for norovirus 11, rotavirus, C diy ETEC-estA, and Shigella were independently associated with diarrhea.
We conclude that this real-time PCR allows ient detection of ially all diarrheagenic agents and provides C, values

that may be critical for the interpretation of results for path with similar d ion rates in patient d controls. The re-

sults indicate that the assessment of pathogen loads may improve the identification of agents causing gastroenteritis in children.
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Scholarly contributions become machine-actionable and FAIR.
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* ORKG comparisons provide condensed tabular overviews of the state-of-the-
art for a particular research question.

« Comparison contains: Contributions, Properties, Resources, Literals.



r

Properties

location

Time period
has beginning

has end

Basic reproduction number

Confidence interval {

Lower confidence limit

Upper confidence limit

Method*

The early phase of the
COVID-19 outbreak in
Lombardy, Italy

2020 - Contribution 7

Lombardy,_ltaly

Time interval

2020-01-14

2020-03-08

Basic reproduction number

estimate value specification

3.1

Confidence interval (95%)

2.9

3.2

Transmission potential of
COVID-19 in Iran

2020 - Contribution 7

Time interval

2020-02-19

2020-02-29

Basic reproduction number

estimate value specification

3.6

Confidence interval (95%)

34

4.2

generalized growth model

Transmission potential of
COVID-19 in Iran

2020 - Contribution 2

Time interval

2020-02-19

2020-02-29

Basic reproduction number

estimate value specification

3.58

Confidence interval (95%)

1.29

g.46

based on the calculation of the
epidemic's doubling times:
estimated epidemic doubling
time of 1.20 (95% CI, 1.05,
1.44) days

Estimating the generation
interval for COVID-19 based

on symptom onset data

2020 - Contribution 7

Singapore

Time interval

2020-01-21

2020-02-26

Basic reproduction number

estimate value specification

1.27

Confidence interval (95%)

1.19

1.36

generation interval
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Visualization of emerging data and trends in the ORKG

Visualization of the predicted Covid-19 case fatality rate estimates @&

Comparison of predicted "Number of confirmed cases” and "Number of deaths” for 2019-nCoV

i 17 August 2021

80,000 I Number of
confirmed cases

I Number of deaths

60,000
40,000
20,000
0 . I [ |
China Rest of China Hubei, China Rest of Hubei, Wuhan, China South Korea Japan Hubei International (
China 46 countries)

https://orkg.org/comparison/R41466/#VisR139852
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Publishing State-of-the-Art comparisons

Share
Overview of Approaches that Classify User Feedback as Feature Request
Acknowledgement o
L
Of Creato rs erview shows the classification results of approaches that use the machine learning algorithms Naive Bayes, Support Vector Machines, and Decision Trees in
C4.5 in com ign with the machine learning features Bag of Words or Term Frequency - Inverse Document Frequency to classify user feedback as feature &
request.

il June 2021 & Oliver Karras & Eduard C. Groen

C itable DO I DOI: 10.48366/r112387 [

Visualizations

078

Created w J;M
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Evaiuation

Evaivalion
Mefrics
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(1)

Properties Software Feature Request } Mining User Requirements ) Mining Twitter Feeds for B Automatic Classifica
Detection in Issue Tracking from Application Store Reviews Software User Requirements Non-Functional Req
i i Systems Using Frame Semantics 2017 - User Feedback Classification from Augmented Af
I nte raCtlve CO m parlso n 2016 - User Feedback Classification 2017 - User Feedback Classification Reviews
Wlth fllterlng 2017 - User Feedback
Has dataset https://zenodo.org/record https://mast.informatik.uni- seel.cse.lsu.edu/data/re17.zip Not availak
/56907#.YKT_NudCRPY [ hamburg.de/wp-content
/uploads/2014/03/RE)_data.zip
“

https://orkg.org/comparison/R112387/
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Overview of the ORKG workflow

Workflow for structured literature reviews using the ORKG

1 1|||||||||NW“JHHJL_

ORKG Templates ORKG Visualizations
Reusable structures for Graphic representations of tabular
representing knowledge data from comparisons

\2

™
- = - E - %a ’ ™ |pg——

ORKG Lists ORKG Papers ORKG Comparisons ORKG Reviews
Compose lists of related literature Semantic representation of the Tabular overviews of Dynamic community-maintained
organized by topic knowledge from papers related literature literature review

T

Update when new literature becomes available



Current Status of the System

> 28,000 described papers

> 6400 research problems C.\j ORKG

> 1400 comparisons

> 350 visualizations

> 1600 users



ORKG Curation — A Crowd-Based Approach

Everyone can create, edit, add, complement, reuse, etc.
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ORKG Curation — A Crowd-Based Approach
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Human-in-the-loop curation model of the ORKG

Better: Machine-actionability AND human-actionability!




ORKG Curation Grants




ORKG comparisons to support Peer-review




Observatories: discipline specific knowledge graph




Scholarly Knowledge: Structured, FAIR, Comparable

« Rethink scholarly communication:
Scholarly work can be realized as
expressions other than an article
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e+ Make knowledge
" «..+ human and machine actionable
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4.4 Crowd-based approach — Combination

&‘{ of domain experts and data curators



LEIBNIZ INFORMATION CENTRE

TIB FOR SCIENCE AND TECHNOLOGY
> UNIVERSITY LIBRARY

3

<,

<

For more information:
WWW.0rkqg.org

Follow us:
Mastodon - @orkg@openbiblio.social
Twitter - @orkg_org
Contact

Info@orkqg.org vinodh.illangovan@tib.eu

. ™
Creative Commons Attribution 4.0 m
v https://creativecommons.org/licenses/by/4.0/deed.en Leibniz



http://www.orkg.org/
mailto:info@orkg.org
mailto:vinodh.ilangovan@tib.eu

