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DATA INTEGRATION AND SHARING



Can Cancer Treatment be Found in the Cloud?

source: http://Www.porterresearch.com/Resource Center/Blog News/Industry News/2011/December/Can_Cancer Treatment be Found in the Cloud
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Value of Data

e the real value of data
— can only be leveraged through its analysis
— resulting in the acquisition of knowledge

* data integration and sharing
— key requirements for an efficient data analysis

— besides the big technological advances it
— still remains an open issue
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Linked Data initiative

* well-defined set of recommendations for
— exposing, sharing and integrating
— data, information and knowledge
— using semantic web technologies

e data integration and sharing
— is achieved in the form of links

— connecting the data elements themselves
— and adding semantics to them



As of September 2010 @ ® @

| . \m Sk

OROSI)Ti
Wu\/m 49(1),

b7
_\\ww = P

__ ~...mpm ( 1 (

Linked Data Project

S



Value of Semantics
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Figure 1. Two pages (scan) from Galilei's Sidereus Nuncius (“The
Starry Messenger” or “The Herald of the Stars”), Venice, 1610.
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SEMANTIC WEB
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Definition

 “The Semantic Web is not a separate Web
— but an extension of the current one,
* In which information is given
— well-defined meaning,
— better enabling computers
— and people to work in cooperation.”

Tim Berners-Lee



Comparison of WWW and SW

FEATURE WWW SEMANTIC WEB

Fundamental component  Unstructured content Formal statements

Primary audience Humans Applications

Links Indicate location Indicate location and meaning
Primary vocabulary Formatting instructions  Semantics and logic

Logic Informal/nonstandard  Description logic

Hebeler, John, et al. Semantic web programming. John Wiley & Sons, 2011.
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hrough Literatur . .
B Information through Literature
Authors: Couto, Francisco M.

Francisco José Moreira Couto Advisors : Mario J. Silva
DOUTORAMENTO EM INFORMA TICA Keywords: Bioinformatics
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Ambiguity

<meta name="keywords"
content=“building, ontologies"” />

* Does building mean constructing an ontology?

* Or ontologies that focus on constructing
buildings?
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Metadata

http://en.wikipedia.org/wiki/Sintra Collar
* Title: Sintra Collar

* Local: Portugal

* Date: 1250BC-800BC
* Type: gold



http://en.wikipedia.org/wiki/Sintra_Collar
http://en.wikipedia.org/wiki/Sintra_Collar

<?xml version="1.0"?>

<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:dc= "http://purl.org/dc/elements/1.1/">

<rdf:Description rdf:about="http://en.wikipedia.org/wiki/Sintra_Collar">

<dc:description>
Gold collar. It was made from three circular sectioned and tapering gold

bars that are fused at the ends forming a penannular neck-ring.
</dc:description>

<dc:date>1250BC-800BC (circa)</dc:date>

<dc:location>
Sintra, Portugal
http://yboss.yahooapis.com/geo/placefinder?woeid=748874
</dc:location>

<dc:type>
Gold
http://purl.obolibrary.org/obo/CHEBI 30050
</dc:type>

METADATA

Dublin Core®Metadata Initiative

INNOVATION

</rdf:Description>

</rdf:RDF>




Ontologies

* Field of Knowledge Representation

— to denote computational systems for describing
specific domains of reality

“An ontology is a specification of a conceptualization.”
by Tom Gruber, 1993

* Semantic Web applications
— use many ontologies
— each chosen for a required information area



Metadata

http://en.wikipedia.org/wiki/American Silver Eagle

* Title: American Silver Eagle
* Local: USA
* Date: 1916

* Type: silver



http://en.wikipedia.org/wiki/American_Silver_Eagle
http://en.wikipedia.org/wiki/American_Silver_Eagle
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METADATA CREATION



Human Factor

e authors cannot recover the data

— associated with their own published works
http://www.ploscompbiol.org/article/info%3Adoi%2F10.1371%2Fjournal.pcbi.1003542

* “you have no idea the number of excuses
people come up with to hang onto their data
and not give it to you, even though you've
paid for it as a taxpayer”

Tim Berners-Lee, TED talk, 2009

http://www.ted.com/talks/tim berners lee on the next web



http://www.ploscompbiol.org/article/info:doi/10.1371/journal.pcbi.1003542
http://www.ploscompbiol.org/article/info:doi/10.1371/journal.pcbi.1003542
http://www.ploscompbiol.org/article/info:doi/10.1371/journal.pcbi.1003542
http://www.ted.com/talks/tim_berners_lee_on_the_next_web

Data-sharing policies

e adherence is inconsistent and scarce
* needs motivation to do it correctly

— enforcing does not work

* “to encourage data sharing, systematic
reward and recognition mechanisms are
necessary”.

Roadmap of the European Strategy Forum on Research Infrastructures (ESFRI)
https://zenodo.org/record/8304



https://zenodo.org/record/8304
https://zenodo.org/record/8304

Reward and recognition mechanisms

* motivate the community
— To become strongly committed in sharing data
 we must formally define:

1. what needs to be rewarded and recognized;

2. and measure its value in quantitative and
objective way.




Proper data integration and sharing

e ‘s time-consuming to do properly, the reward
systems aren't there and neither is the stick”

Steven Wiley in Nature, 2011

http://www.nature.com/news/2011/110914/full/news.2011.536.html

* Only careful and clear semantic
characterizations

— in the form of metadata
— enable us to find the raw data
— and retrieve it and explored it


http://www.nature.com/news/2011/110914/full/news.2011.536.html
http://www.nature.com/news/2011/110914/full/news.2011.536.html

Assumption

* rewarding and recognizing

— metadata sharing and integration

— on the semantic web

— using standard and controlled vocabularies
* promotes and intensifies

— scientific collaboration and progress



Knowledge rating

e Metadata as a set of
links, where:

all the links are equal,
but some links
are more equal

than others

(adaption of George Orwell’s quote of Animal Farm)



Hypothesis

The metadata integration and sharing value of
a dataset, dubbed as knowledge rating, is
proportional to the specificity and
distinctiveness of its mappings to ontology
concepts in relation to all the others datasets in
the Linked Data Cloud.



Specificity
Information Content
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Distinctiveness
Semantic Similarity




Are we good at measuring similarity?

Source:
http://www.grandparents.com/food-and-leisure/did-you-know/optical-illusion-pictures
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Are we good at measuring similarity?
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All similar but different brands




INFORMATION CONTENT AND
SIMILARITY



Semantic Similarity

“A semantic similarity measure is a function that,
given two ontology terms or two sets of terms
annotating two entities, returns a numerical value
reflecting the closeness in meaning between them.”

C. Pesquita, D. Faria, A. Falcdo, P. Lord, and F. Couto, Semantic similarity in biomedical ontologies, PLoS
Computational Biology, vol. 5, no. 7 (€1000443)

F. Couto and H. Pinto, The next generation of similarity measures that fully explore the semantics in biomedical
ontologies, Journal of Bioinformatics and Computational Biology, vol. 11, no. 1371001, 2013



Semantic similarity

The more information two terms share in
common, the more similar they are.

The information shared between two terms is
indicated by the information content of their
most informative common ancestor: MICA

sim(ty,t) = max IC(t) ==log(p(trrrc
( ! 3) teAne(ty )nAne(tz) () g(p( UICA))

41
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Introduction to Bio-Ontologies by P. Robinson and S. Bauer
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Sim(cheetah, lion) = IC (big cat) = 1.386
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sim(wildcat, beagle) = IC (carnivore) =0
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Example

F. Couto and M. Silva, Disjunctive shared information between ontology concepts: application to Gene
Ontology, Journal of Biomedical Semantics,, 2011

IC(copper) > IC(coinage) > IC(metal)
Sim(copper,gold) ~ IC(coinage)
Sim(copper,palatium) ~ IC(metal)

Sim(copper,gold) >

Sim(copper,palatium) @
’l

Caold > Csiver Y Copper>

Palladium




Rating, recognizing and rewarding metadata integration and sharing on
the semantic web, in 3rd International Workshop on Methods for
Establishing Trust of (Open) Data (METHOD), 2014

KNOWLEDGE COIN




Cryptocurrency Components

Wallet, define the amount of coins assigned to
an individual, i.e. the balance;

Mining, the process of supplying coins to
some wallets, i.e. money creation;

and Transaction, the process of transferring
coins between two wallets, i.e. money
exchange

KC is not a Cryptocurrency



KC Mining

* When new knowledge is created
— a new scientific article

— references a supporting dataset
* properly integrated in the Linked Data Cloud

— level of integration measured by knowledge ratings

* Recognition statements

— specify a different distribution of the KCs
* Not uniformly distributed between author wallets

— that may even include other wallets.



KC Inflation

* #KC in circulation will keep growing
— with the growth of new scientific articles
— may trigger some distrust on its value

e But, scientific articles are peer reviewed

— So their number is always limited
— and adhesion to real scientific advances guaranteed



KC Wallet

* Different from conventional cryptocurrency
wallets

e the KCs will use a public identifier of its owner

— for example using the ORCID

» provides a persistent digital identifier unique to each
researcher http://orcid.org/
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KC Transaction

* every KCs transaction
— will be public, including:

e the identification of researchers,
* the amount of KCs exchanged,
e and the references to the datasets involved.

e provide a public recognition of each individual
contribution
— to the intensification of data integration
— and sharing using semantic web technologies



Scenario 1

* An exchange of a dataset
— from the data provider to the data consumer

— may include recognition statements
* May incentivize the data provider
* to properly characterize the dataset

* more KCs when the data consumer publishes the work
as a scientific article



Scenario 2

* The enrichment of a public dataset
— done by a data curator
— to satisfy a request from any researcher,

* inclusively the data owner

* knowledge ratings can be used to
— estimate the fair amount of KCs to be exchanged



Scenario 3

* a journal may offer publication fees reductions
— in exchange of KCs
— used to better characterize some datasets
— supporting some previously published articles
— improve the visibility of its articles
— and in the end increase the journal impact factor



Scenario 4

Data providers may include in their public
funding proposals

— the amount of KCs recently acquired

— to show the importance and impact

— of their work to reviewers



Issues to be studied

knowledge ratings implementation

— their validation, aggregation, performance, exceptions,
and extension to any mappings besides the ontological
ones;

potential abuses

— such as the creation of spam mappings and other security
threats;

central trusted authority for the KC ?!?
— or the peer-to-peer mechanisms used by bitcoin;
Study use case scenarios for the KC

— exchange of datasets and
— their characterization based on KC transactions



And to implement
KnowledgeCoins
we need RealCoins...

http://metarate.fc.ul.pt
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