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Sources and recommended readings

0 The following case study documents are part of the course material :

m Case study 2 : Montefiore (Webinar by P Mirbaji and other sources indicated in section 2).
O Section 4 is not part of the material for the exam.

0 Sources and useful additional readings :

= The role of ontologies in bioinformatics is discussed in the review article Managing, Analysing, and Integrating
Big Data in Medical Bioinformatics (Merelli et al. 2014).

s The book Ontology driven software development (Pan & al. 2013) covers many aspects of the use of ontologies in
software engineering.

» The book Handbook of Semantic Web Technologies (Fensel et al. 2011) includes, i.e., a chapter on semantic web
services.



Agenda

Bioinformatics: data deluge and ontologies

Medical informatics: a semantic data lake

Systems engineering: systems & models I

Ontologies in software engineering

Thoughts on semantic data

L L




The data deluge in biogenetics and medical sciences

0 Omic sciences : multiple large-scale genome projects, among which :

s Genome 10K (started in 2010, US) (genomes of 10,000 vertebrate species): 100 TB(™ data.

= 100K Genome (started in 2012, UK) (100,000 genomes from around 85,000 NHS patients, reached in 2018).

0 The rate is accelerating :

s In 2015, >2500 sequencing instruments in >1000 centers in 55 countries. Largest 20 store 100 PB™ of data.

= The Earth Biogenome Project, created in 2018 by an international consortium (Smithsonian Institute, Beijing
Genomics Institute...) plans to capture and catalog all the DNA from the world’s flora and fauna (>1M species).

= Countries are contemplating to sequence large portions of their populations : England (Genomics England, 1M

genomes), US (All of Us, 1IM), EU (declaration of genomic cooperation, 1M+), China, others...

0 Between 100 millions and 2 billions human genomes could be sequenced by 2025.

= That would represent 2 and 40 exabytes(**) of human genomic data.

* Big Data: Astronomical or Genomical? (Stephens et al. 2015).

“: Terabyte : 10" bytes; petabyte : 10°5 bytes; exabyte : 10'8 bytes.


https://genome10k.soe.ucsc.edu/about
https://www.genomicsengland.co.uk/the-100000-genomes-project/
https://www.genomicsengland.co.uk/about-genomics-england/
https://allofus.nih.gov/
https://ec.europa.eu/digital-single-market/en/news/norway-signs-1-million-genomes-declaration

Data deluge impacts — biomedical sciences

0 No time to cope

= “We have these giant piles of data and no way to connect them” said H. Steven Wiley, a biologist at the

Pacific Northwest National Laboratory. “I'm sitting in front of a pile of data that we’ve been trying to
analyze for the last year and a half.” (DNA Sequencing Caught in Deluge of Data, A. Pollack, NY Times 2011).

m Professor Brown of Michigan State said: “We are going to have to come up with really clever ways to throw
away data so we can see new stuff.” (same source).

= “Right now, agencies like the National Institute of Health maintain public archives containing petabytes of

genetic data. But without easy search methods, such databases are significantly underused, and all that
valuable data is essentially dead.” (The DNA Data Deluge, M. Schatz and B. Langmead, IEEE Spectrum 2013).

0 Extremely energetic efforts, research, funding, to provide solutions.


https://www.nytimes.com/2011/12/01/business/dna-sequencing-caught-in-deluge-of-data.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4048922/

Semantic solutions

0 Ontologies

s Gene Ontology : framework for the model of biology (OWL, OBO'- cf. next ).

= Cell ontology : exhaustive organisation of cell types, excluding plants (OWL).

= Human disease ontology (DOID) : comprehensive hierarchical controlled vocabulary for human diseases

(OBO).

s UniProt : protein sequence and functional information, integrated with GO annotations (RDF).
s MGI : Mouse Genome Informatics : international database resource for the laboratory mouse.

= Many others ...

0 Linked data

= Data that have been annotated using ontologies, such as UniProt or DOID and the GO, can be integrated
with other community datasets, providing semantic support to perform rich queries.

= European Bioinformatics Institute (EBI) RDF platform : explicit links between datasets using Semantic
Web technologies.

*: Open Biological and Biomedical Ontology (OBO) format


http://www.geneontology.org/
https://bioportal.bioontology.org/ontologies/CL
https://bioportal.bioontology.org/ontologies/DOID
http://www.uniprot.org/
http://www.informatics.jax.org/
https://www.ebi.ac.uk/

Semantic solutions ./.

0 A large and growing number of biomedical ontologies

= To the point that : “Unfortunately, the very success of this approach has led to a proliferation of ontologies, which
itself creates obstacles to integration.” (Smith et al. 2007).

0 The Open Biomedical Ontologies project :

= Aims to develop interoperable ontologies that are logically well-formed and scientifically accurate : non
overlapping content, shared syntax and relations.

= A resource of the US National Center for Biomedical Ontology.

s OBO format : flat file human-readable format convertible to OWL and vice-versa.

Q The BioPortal :

= Managed by the US National Center for Biomedical Ontology.

s “The world’s most comprehensive repository of biomedical ontologies” (currently 859).


http://www.obofoundry.org/
https://www.bioontology.org/about-ncbo
https://bioportal.bioontology.org/

The BioPortal
O BioPortal

Gene Ontology
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The Gene Ontology

0 Founded to advance semantic standards for molecular biology.

0 Controlled terminologies of terms in three dimensions : molecular function, biological
process, and cellular location of gene products.

0 Developed using the semantic web and biology ontology standards (OWL, OBO).
0 The GO Consortium includes the major organism modeling database groups.
0 The GO is also linked to a major sequence database resource (UniProt).

0 It has established itself as the standard for function annotations (cf. later).



Basic concepts used in the Gene Ontology

Gene : contiguous region of DNA that encodes instructions for how the cell can make large (“macro”) molecules.
Gene product : macromolecule (protein or noncoding RNA) produced deterministically according to the instructions from a gene.
Activity : chemical action produced by a gene product acting as a molecular machine.

Macromolecular complex : combination of gene products from different genes into a larger molecular machine.

DNA-directed DNA replication

4 Three daX€s Of ClaSSIﬁcatlon' complex(MCM2-7) complex(PRI1-2) complax(RFC2-5)
: . e
A gene encodes a gene product, which : Nuclous Nucleus s

e

= Carries out a molecular-level process or activity (molecular function), —

complex(POL3,POL31,POL32) CoCo
= In a specific location relative to the cell (cellular component), =
Mucleus Muclews

- Contributing to a larger biological Objective (biological pl‘OCGSS). Fig. 1 DNA replication (in yeast) as modeled using the GO. Gene products/complexes (white) perform molecu-
lar processes (molecular function, rad) in specific locations (cellular component, yeliow), as part of larger

binlogical objectives (biological process, specifically DNA-directed DNA replication)

(Gene Ontology Handbook, Dessimoz and Skunca 2017)
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Semantic relations in the Gene Ontology
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Subset of the paths of the term “regulation of cell projection assembly”
(Gene Ontology Handbook , Dessimoz and Skunca 2017).

Gene Ontology Term: cell projection assembly

GO ID: GO:0030031

Aspect: Biological Process

Description: Formation of a prolongation or process extending from a cell, e.g. a flagellum or axon.
Synonyms: cell projection biogenesis, formation of a cell surface projection

0 The Gene Ontology uses 4 relations :
m subsumption (called is-a);
= part_of;
m has_part (inverse of part_of);

mr egulates : one process directly affects the
manifestation of another process or quality.

R+ : positively regulates.

R- : negatively regulates.



Semantic inferences in the Gene Ontology

Reasoning in graphs

Example: Gene Ontology

[ mitochondrial \ part of - mitochondrion isa intracellular organelle
membrane J )

positively
regulates

negatively
regulates

meiotic cell cycle

regulates regulates regulates

-—---l -—---
ACEVERON ‘.’f : regulation of meiotic et
reciprocal meiotic recombination
R cell cycle -
recombination checkpoint

(source: short introduction to biological ontologies,’I. Pulido,
http.//slides.com/similis/short-introduction-biological-ontologies#/17)
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Semantic inferences in the Gene Ontology ./.

Gene Ontology inference rules explained graphically in the GO documentation, for biomedical scientists :
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Gene Ontology annotations

0 Genetics is still a science under development. All formal representations lack precision in
representing the full context surrounding the knowledge, as it is depicted in journals or articles.

m Detailed context of experiments, genesis and perspective of the study are important to interpret the results.

= The required granularity of information is difficult to acquire in computable form.

0 GO defines the possible functions a gene might have but makes no claims about the function of
any particular gene. Information about those claims is captured as annotations.

0 A GO annotation is a statement about the function of a particular gene product.
= A GO annotation typically associates a single gene product to a term of the GO ontology.
The fundamental relation is an RDF triple <gene product> <involved in> <GO terms>.

= An annotation always refers to its supporting evidence, including the nature of evidence and the source publication.

“The human MSH2 gene product (represented by UniProtKB:P43246) is involved in ‘GO:0006298 DNA mismatch
repair’ (a biological process), based on direct assay evidence published in PubMed 7923193. »



https://www.uniprot.org/uniprot/P43246
https://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0006298
https://www.uniprot.org/citations/7923193

15

Gene Ontology annotations ./.

0 GO has become a community standard for annotations.
= Annotations can originate from the GO itself or from other ontologies
= Annotations can be used by other ontologies.

= Many genome annotation groups and bioinformatics centers use the GO annotation process.

0 We will illustrate this with the interaction of two ontologies :

= Gene Ontology.
s Mouse Genome Informatics.

(the discussion of the example in the following slides is based on Blake and Bult 2006).



The Mouse Genome Informatics (MGI)

m Mouse Genome Informatics

About Help FAQ

Search ¥ Download ¥ More Resources¥ Submit Data Find Mice (IMSR) 3% Analysis Tools Contact Us Browsers

0 The recognized community database for
the laboratory mouse.

0 Integrates genetic and genomic data for the
mouse to support the use of the mouse as
a model system for understanding human
biology and disease processes.
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Quick
Keywords, Symbols, or IDs

Or use topic specific search and analy ols:

C\)')‘;..‘ Human-Mouse: Disease Connection

| .rSo Function

w Strains, SNPs & Polymorphisms

é,?:-:,-G Vertebrate Homology

| @™, y Mouse Models of Human Cancer

e "{_'_,_ Pathways

j&" Batch Data and Analysis Tools
ey

Getting Started:

* Introduction to mouse genetics Rt Q
* How to use MGI (Text & Video) 2
* Cre Portal Tutorial -

MGI is the international database resource for the laboratory mouse,
providing integrated genetic, genomic, and bioclogical data to facilitate
the study of human health and disease.

About Us  MGI Publications n e

Read about the community efforts to develop
minimal information standards for PDX models.

{.

00e000

What's new at MGI updated October 20, 2017

# The Alliance of Genome Resources (AGR) 1.0 release enables
searches of data from 6 Model Organism Databases and the GO
Consortium. Read more...

» MGI enhances the Disease Ontology Browser and introduces a
Human Phenotype Ontology Browser. Read more...

« Additional lacZ knock in reporter data from the IMPC have been
imported into GXD. Read more...

* New embryonic phenotype data from the DMDD consortium and
updates to vocabulary browsers. Read maore...

» The hierarchical Disease Ontology (DO) is incorporated into MGI.
Read more...

MGI Statistics More MGI news

(http.//www.informatics.jax.org/)
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The Mouse Genome Informatics (MGI)

0 Data integration (identifying disparate data that describe the same biological entity (e.g.,
gene, transcript, protein, etc.) is a primary focus of MGI.

0 Many difficulties:

= Knowledge about each genome or cellular component is complex and incomplete.

s Tens of thousands of scientific papers are published each year, correcting old information and adding new details
about millions of distinct biological entities.

= The same gene can be referred to by multiple different names in the literature.

= The same name can be applied to more than one gene.

m Different data about the same gene can be obtained from various sources.

= Sequence data from different sources may include overlapping sequences identified by different identifiers.

= Data may be incomplete; inconsistent; conflicts in data appear over time.

O Strategy : use of controlled terminologies and ontologies for semantic normalization,
relying on curated evidence with links to the literature.



Example : functional annotations of HEXA gene

?

Hexa Gene Detail

SIOINERY] Symbol Hexa

Name hexosaminidase A

Synonyms Hex-1

Gene Ontology All GO Annotations 35

(c0)
Classifications G0 References 21

Molecular Function

Click cells to view annotations.
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Feature Type protein coding gene

IDs MGI: 96073
MCBI Gene: 15211

Gene Overview MyGene.info: HEXA

Alliance gene page

Biological Process

Functional annotation of mouse hexosaminidase A
gene in MGI (HEXA, MGI:96073).

MGI shows the relevant links towards the Gene
Ontology classification.

Gene product of Hexa gene is involved (a.0.) in
the molecular function hydrolase activity.

Hexosaminidase : an enzyme involved in the hydrolysis of
terminal N-acetyl-D-hexosamine residues (amine sugars).

Hydrolase activity : catalysis of the hydrolysis of various bonds,
e.g. C-0O, C-N, C-C, phosphoric anhydride bonds, etc.



GO annotations for hydrolase in MGI

Gene Ontology (GO) annotations for hydrolase

Filter annotations by: |Aspect 7 | |Categury 7 | |Evidence ;|

Export vt i [+ Excotrie

Aspect “  Category Classification Term > Context Evidence? Reference(s)
Maolecular Function hydrolase beta-M-acetylhexosaminidase activity happens in liver. IDA 1:45044 [PMID:9417048]
happens in liver.
happens in spleen.
happens in heart.
Molecular Function hydrolase beta-N-acetylhexosaminidase activity happens in metanephros. IMP 1:54553 [PMID:10196372]
happens in gastrocnemius
muscle.
happens in brain.
Molecular Function hydrolase beta-N-acetylhexosaminidase activity happens in liver. IMP 1:21008 [PMID:7937929]
happens in spleen.
Molecular Function hydrolase beta-N-acetylhexosaminidase activity happens in liver. DA 1:30435 [PMID:8747922]
happens in brain.
. L . 1:441 [PMID:1914521],
Maolecular Function hydrolase beta-M-acetylhexosaminidase activity DA J:SSS?Fl [PMID: 11854]359]
. - - happens in brain.
Molecular Function hydrolase beta-N-acetylhexosaminidase activity L — Mp 1:30899 [PMID:8789434]
happens in liver.
Molecular Function hydrolase beta-M-acetylhexosaminidase activity | happens in liver. IGI J:36305 [PMID:8896570]
. - - happens in spleen.
Maolecular Function hydrolase beta-N-acetylhexosaminidase activity L - _p IMP J:30435 [PMID:8747922]
happens in liver.
Maolecular Function hydrolase hydrolase activity IEA 1:60000
Molecular Function hydrolase iydialaselacialy tada dlonialica=v) IEA 1:60000
bonds
Molecular Function hydrolase hydrolase activity, hydrolyzing IEA 1:72247

0-glycosyl compounds

19

(

[

Reference papers

O Of of the GO molecular functions

associated to this gene in MGI is
beta-N-acetylhexosaminidase activity,
a subclass of hydrolase activity.

0 Many papers support this functional
annotation, but the nature of evidence
and the wordings varies in each paper.

0 GO is used as a reference to enforce
standards.

beta-N-acetylhexosaminidase activity : catalysis of
the hydrolysis of N-acetyl-D-hexosamine residues in
N-acetyl-beta-D-hexosaminides



Examples of queries and analyses based on the GO

0 Use of biomedical ontologies and careful mappings of data across them provide a robust mechanism
to retrieve relevant set of data in answer to complex queries typically asked in biological research.

0 A typical research example : GO enrichment analysis in cancer research :

= A set of 1000 genes expressed at a higher level in a cancer sample than in a matched healthy tissue sample.

m Are there any functions (terms from the GO molecular function, cellular component, or biological process aspects) unusually common
among these 1000 overexpressed genes ?

m The functions present in the set of 1000 genes need to be compared to the functions of the 20000 human protein-coding genes.
GO is used to retrieve all functions performed by the 20000 human genes and create all possible groupings by functional class.

m Each grouping is tested for statistical enrichment(*), and the small number of enriched functional classes enables the researcher to identify
candidate biological processes.

(*) : Statistical enrichment : a method to identify classes of genes or proteins that are over-represented in a large set of genes.

(source Gene Ontology Consortium 2019)
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https://academic.oup.com/nar/article/47/D1/D330/5160994
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Data integration : data lake

0 Data is gathered from various sources

R THEY ARE FISIONED TORAE m Both structured and unstructured.

? .. )
F HOW DO DATA LAKES WORK: > 0 Distributed file system architecture.
The concept can be compared to a water body, a lake, where water flows in, filling up a resewvoir and flows out,
T Wcimieg 1 spresmts = Typically, Hadoop HDFS, HBase.
strucTuEEo oAr S S eaYFf . .
,'s”%mz?ﬁwg?ﬁjﬁ & o &2 ﬂ‘ m Cloud services: Amazon S3, Microsoft Azure...
with data mining T ~J
é UNSTRUCTURED DATA
e
© O i O There is no effort to structure the data at the
5. Socdld media lools
o ol time of capture (schema on read):

where you rnun analytics on all the data.

e The outflow of water is the analyzed data,

\ = Less up-front costs than RDBMS (schema on write),
Source: http://www.tangerine.co.th/tag/ow-do-data-lake-work/ more ﬂCXibl].l ty, ].CSS Op timiza tiOfl.

m Data is stored in its initial raw format.

= Data consumers will set up their analysis applications

Through this process, you are
able to “sift* through all the
data quickly to gain key

to perform specific data exploration.
business insights.

Intended for Knowledge Sharing only

. m The data lake can feed a data warehouse.



B Microsoft Azure

Data lakes in current ICT market (2021) [t __—

59 offre(s) Pertinence  Date Data La ke Analytics

Service de travaux d'analyse & la demande pour agir en

Junior - Senior Data Engineer connaissance de cause
Smals
< Smals

rtersocey | 1 30/03 @ Bruxelles
Data Engineer Démarrer gratuitement

Bl Consultant
Business & Decision

[ o4/04 @ Bruxelies
PowerBl, Qligview, SIS, ETL, SAS

Data Lake Storage on AWS

Contraste EI.II'OPE
0 2203 9 Bruxelles The most secure, durable, and scalable storage to build your data lake

Data Analyst Senior

4 créer une Job Alert Build your data lake on Amazon S3

Data Platform Consultant
Visser & Van Baars

A Vit
N M ogi03 @ Bruxelles
data lake, DWH, Data Vault, data

aBusinessiDecision

CONTRASTE i [ ]

. - . o . o
Data Visualisation Consultant Analytics Products  Solutions  Learn Explore More
Business & Decision

O 3103 @ Bruxelles

aBusiness& Dadision

Data lake

Drive smarter, data-driven decisions by capitalizing on a broader variety of data

(source: Job openings on ICTjob.be (search done in April 2021)

See data lake products Talk to a data lake expert

—> Learn about the IBM-Cloudera partnership




Data lake or data swamp ?

GARTNER : beware the data lake fallacy ! (2014). a Tries to tackle two hard problems :

= Old: tries to get rid of information silos.

s New : Not clear how and when data will be useful.

0 Growing hype and significant risks :
m Lack of semantics and meta-data.
m Quality of data unknown.
= Security still embryonic.
= Business users lack skills and supporting tools.
m Performance issues for tools and interfaces.
m Enterprise-wide data management is still an issue.

= So is data privacy.

0 Badly managed data lake = data swamp !

m Data lost, never accessed, business value not realized.

24


https://www.gartner.com/newsroom/id/2809117
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Case study: Montefiore semantic data lake

0 The data deluge is impacting genomics, but also healthcare, in particular precision
medicine : an approach for disease treatment and prevention that takes into account individual
variability in genes, environment, and lifestyle for each person (NIH).

0 Chosen case study : Montefiore semantic data lake.

m It demonstrates a life application of semantic data in critical aspects of healthcare.

0 Montefiore Medical Center:

= Large US medical organisation in the Bronx and Westchester County, New-York state, U.S.A.
= 11 hospitals, > 2000 beds.

= (One of the) university hospital for Albert Einstein College of Medicine.



Case study: Montefiore semantic data lake

The Semantic Data Lake
in Healthcare

Parsa Mirhaji MD, PhD

Associate Professor, Systems and Computational Biology,
Albert Einstein College of Medicine

Director, Clinical Research Informatics,
Montefiore Health System

P o) 000/1:11:09

Semantic Data Lake in Healthcare - Parsa Mirhaji, MD PhD - Yosemite Project Webinar
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Sources

0 Webinar by P. Mirhaji, 2016.

0 Written sources:

Q

Montefiore Creates Data Analytics Platform to
Advance Patient Care — Intel solution brief

Semantic Big Data Lakes Can Support Better
Population Health, news article.

Montefiore Semantic Data Lake Tackles
Predictive Analytics, news article.

Semantic data lake architecture in healthcare

and beyond. news article.



https://www.intel.com/content/www/us/en/healthcare-it/solutions/documents/montefiore-advance-patient-care-solution-brief.html
https://healthitanalytics.com/news/semantic-big-data-lakes-can-support-better-population-health
https://healthitanalytics.com/news/montefiore-semantic-data-lake-tackles-predictive-analytics
https://www.zdnet.com/article/semantic-data-lakes-architecture-in-healthcare-and-beyond/
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What is the problem ?

0 Servicing a large patient community (Bronx & Westchester) :

m  Hundreds of thousands of patients, ethnically and socioeconomically diverse population.
m Precision medicine : individualized patient treatment => expand breadth of patient data.

m Complex array of factors : from genetics to home and work environment, nutrition, population health
management and community care.

0 Financial and regulatory pressures :

= Accountable health organization : not pay as service, but value-based or performance-based payment. An
accountable care organisation ties payments to quality metrics and the cost of care.

s EHR incentive program : provides incentive payments to healthcare to use EHR (electronic health record)
technology, inter-operability and standards in a way that impacts positively patient care. Program
requirements are becoming more demanding at each stage.

m Cost reduction pressure.
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Existing situation

O Data:

= Hundreds of thousands of patients impacting the institution at any given point.
m More than 100 data points per patient per day.

m Data includes research results, financial data, patient demographics. Ranges from unstructured free text
information to images and waveforms to data from sensors and monitoring devices.

0 Architecture :

m Each type of data may be locked into its own individualized analytics architecture.

= Relational databases require to pre-define the problems. Predicting all future cases is impossible. Cost of
change is huge and creates data silos.

= Data cannot be analyzed quickly, nor can hospital data be easily combined with external data sources such as
those from pharmaceutical companies and researchers.



Solution proposed

0 Intel Xeon processors.

THE SEMANTIC DATA LAKE 0 Cloudera Hadoop (HDFS, Yarn, Spark).

EMR LIMS HL7FEED | | WEB SERVICES LEGACY

0 AllegoGraph semantic graph DB to integrate data.

= Real time (HL7) feeds and large batch input (ETL process).
= Transformed into triples through JAVA API.

OMICS CTMS

CLAIMS

0 Ontological pipeline (annotation engine) integrating

multiple ontologies :

d000VH
S40H
d000vH
S40H
d000VH
S40H
d000VH
S40H
d000vH
S40H
d000VH
S40H
d000VH
S40H
d000YH
S40H
d000YH
S40H
d00VH
S40H

s Unified Medical Language System (UMLS) as upper ontology.
s PharmGKB (correlates genetic variations and drug responses).
ﬂéﬁ%ﬁu %ﬁiﬁu Aéhﬁ" ﬂ‘é,'ii%” %,'imu s Online Mendelian Inheritance in Man (OMIM).

ookt »  OMOP : common data model for observation data, ...

0 SPARQL for queries.

m  Compact ! Graphical tool for visual query creation.

0 “Analytic tapestry” tool (supports machine learning),
interface to R Studio, Spark ...
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Semantic network of data points

srelatedTo

> »l o) 2440/1:11:09




Knowledge base and integration of ontologies

0 Over half a billion triples.

GO ..
Geospatial & NCI Q A.ll ontologies integrated through
Census _I Thesaure Linked Open Data.
' ... ClinicalTrials 0 UMLS (Unified Medical
The OMOP i sl Language System) translated into
KnOW|edgebase | f;;{?f ‘ W3C SKOS, used as upper
B e ontology.
g SKOS : Simple Knowledge
OMIM L Organization System
Bio?RDF DrugBank Simple models for expressing
concept schemes of controlled
vocabularies.

Semantic Data Lake in Healthcare - Parsa Mirhaji, MD PhD - Yosemite Project Webinar 0 Data curated by Specialized team.

930 vues w7 & # PARTAGER =
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https://www.w3.org/TR/2009/NOTE-skos-primer-20090818/
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Using SPARQL for 360° patient view

Record Locator Service
(aka 360° Patient View)

Select distinct ?type (count(?type) as ?types)
FROM <2d6e36f6a0e25¢757d52780b4488>

WHERE {

?s 7p 0.

?0 a ?type)
group by ?type
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Evaluation

O Started in November 2015

0 First pilot “uses predictive analytics to flag any patient hospitalized at Montefiore Health
System locations with respiratory problems who is at risk of death or in need of intubation
within the following 48 hours, which is the window of opportunity to complete an effective
intervention.” (Mirhaji)

m > 68000 admissions, over 28000 patients.

m Over 77% detection of likelihood of a respiratory event, 48 hours in advance of a fatal episode or respiratory
failure in the hospital.

m False positives less than 1%.

Q “Semantic Data Lake ... is now bein 4 instituted throughout our critical care systems in all 0f the

hospitals within the medical center.” (Racine, Chief Medical Officer).

0 System is life, positive customer testimony, plan to deploy.
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Data in Systems Engineering

0 Systems engineering digitalization

= CAD/CAM

Concurrent design

Virtual prototyping
Additive layer manufacturing (3D printing)

Smart products (autonomous car, airplane smart sky vision ..)

0 Big data, but also big systems designed by large enterprises !

e

Googie Wayo Chrysler Pacifica Airbus 2050 smart plane vision Ford immersive vehicle environment
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Some key challenges

0 Product life cycle
m Product Life Cycle Management :

The activity of managing products all the way across their lifecycles

from the very first idea through design, production, maintenance ...

until it is retired and dispased af

= Traceability of products may reach > 50 years

(planes, space industry ...).

0 Models

m Model-based systems engineering.

0 Interoperability between systems and data !

= Huge interoperability costs.
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Marketing

End of Life Planning

Product
Maintenancd Lifecycle Design
Management

Distribution Development

Production

Requirement Model

!

Functional / Behavioral Model Performance Model

Start }é shift HAccelerale H Brake lControl Input | Power Vehicle
Equations Dynamics

N N

System Model o
y; NYE= ]
Mod .
* y Modi ot
e p—
Structural / Component Model Other Engineering

Analysis Models

Integrated System Model Must Address Multiple Aspects of a System

Copyright © 2006 by Object Management Group.

(source: Incose)
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Systems engineering is a world of standards

0 Three main standards specific for system engineering :

m Ansi 632 : Processes for Engineering a System.
» IEEE 1280 : Standard for application and Management of the Systems Engineering Process.
m ISO 15288 : Systems Engineering — System Life-Cycle Processes — the main reference.

0 Other important standards from the point of view of systems engineering data :

s CMMLI : Capability Maturity Model Integration (intended more for software engineering).

ISO 9001 : Quality management.

OMG SysML : Systems Modeling Language.

ISO 10303 STEP : Standard for the Exchange of Product Model Data.

ISO 15926 : Integration of life-cycle data for process plants.

0 System integration / federation / interoperability is key.



A detour through a well-known standard: ISO 9001

0 Probably best-known ISO standard.
0 Standard for quality management.

0 Applies to many industries.
= Software engineering : ISO/IEC 90003.

0 Certification by recognized organisms.

m In 2013 > 1 million certifications over 187
countries.

» Certification required explicitly by
requests for proposals.

= New version integrates “continual
improvement” (kaizen ideas).
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ISO 9001:2015

What is ISO 90017

ISO 9001 is a standard that sets out the requirements for
a quality management system. It helps businesses and
organizations to be more efficient and improve customer

satisfaction.

A new version of the standard, ISO 9001:2015, has just been
launched, replacing the previous version (ISO 9001:2008).

25/04/2018


https://www.iso.org/standard/66240.html
https://www.iso.org/standard/66240.html

OMG SysML

a0 OMG standard 2006 :

= General-purpose graphical modeling language for specifying, analyzing, designing, and verifying complex systems (inc. hardware,

software, information, personnel, procedures, and facilities).

s Developed by OMG, Incose (International Council on Systems Engineering) and ISO.

m Is for systems engineering what UML is for software engineering.

O Subset of UML 2 with extensions needed

for Systems Engineering.

0 Compatible with ISO 10303

systems engineering data interchange standard.
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4 /“\

UML 2 SysML
\
SysML'S
extensions to
\ / UML
not requureK
by SysML UML reused by
) SysML
(UMLASysML)

(source: http.//www.omgsysml.org/what-is-sysml.htm,)


http://www.uml.org/
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SysML v2 RFP (2019)

SYSML V2: THE NEXT-GENERATION SYSTEMS MODELING LANGUAGE

The SysMLE v2 RFP was issued on December 8, 2017. This culminated an 18-month effort to develop the

requirements for the next-generation systems modeling language, which is intended to improve the precision,
OMG SYSML v2 expressiveness, and usability over SysML v1. The requirements reflect lessons-learned from applying model-based
The next-generation systems engineering (MBSE) with SysML since its adoption more than 10 years ago.
Systems Modeling
Language The RFP requires the specification to include both a SysML profile of UML® and a SysML metamodel, and a mapping
o8 $thePUl = between them. In addition, submitters have the option to specify additional features that include model interchange

and formal semantics.

na (strcﬁ‘jp{i’* the USEf‘_,rrb

Responses to RFP “% "8 The capabilities provided by SysML v2 should enable improved effectiveness and broader adoption of MBSE.

Due:; 4 November, 2019
READ RFP WEBINAR CONTACGT US

Emphasis on model (data) interchanges and formal semantics



ISO 10303: STEP

0 Standard for Exchange of Product Model Data.

= Application Protocol 239 for Product Life Cycle Support (PLCS).
= Application Protocol 233 for Systems Engineering.

0 Unified international standard for all aspects of
technical product data.

0 Describes designs and assemblies of solid models.

0 Mainly geometric data.

0 Nearly every CAD/CAE/CAM system has a module to
read and write STEP data.
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International Organization for Standardization

W English -

When the world agrees
Standards All about IS0 Taking part Store Q
Standards catalogue Publications and products

L3 Store » Standards catalogue > BrowsebyICS > 25 » 25.040 » 25.040.40 > 150 10303-233: 12012

1SO 10303-233:2012  =peie

ndustrial automation systems and integration -- Product data representation and exchange -- Part 233:

Application protocol: Systems engineering

Buy this standard

IS0 10303-233:2012 specifies an application protocol for the representation of systems Format Language
engineering data. It defines the context, scope and information requirements for various
development stages during the design of a system. IS0 10303-233:2012 is applicable to v HIML English -

fi f system, including aircraft, , ships, railways, and plant. .
any form of system, including aircraft, cars, ships, railways, and plan L@ English

CAT (Computer Aided Design)

C:-'-‘:_E CAE (Computer Aided Engineering Analysis)
CAW (Computer Aided Manufacturing)
h 4 CHNC {Computenized Mumerical Control)
CAT [ | CAD
I -+  STET data exchange
+p  STED-IIC exchange
CAN |4 ---— =» T
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Evolution of STEP

0 Major requirements :
= Cover the whole system lifecycle.
= Support for data sharing.

= Semantics.

O Current evolution :

= Include most of AP 233 (Systems Engineering) in AP 239 (Product Life Cycle Support)
m Normative XML schema for presenting EXPRESS.
= Add use of SysML alongside EXPRESS.



ISO 15926

0 Standard for Integration of life-cycle data for process plants.

m Standard for data integration, sharing, exchange, and hand-over
between computer systems.

m Developed initially for Oil and Gaz but applicable to many sectors
dealing with process material and their transport. (oil, gaz, electricity
generation, steam generation, security and safety, buildings and
accommodation)

0 Implemented using W3C standards (RDF, OWL).

m Includes an extensible upper ontology.

0 Benefits :
= Open standards.
= Covers full life cycle.
= Syntactic interoperability with XML.
= Semantic interoperability with OWL.
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® Store » Standards catalogue * Browse by ICS » 75 75.020 > IS0/TS 15926-8:2011

ISO/TS 15926-8:2011  oreier

ndustrial automation systems and integration -- Integration of life-cycle data for pracess plants including oil and
gas production facilities - Part &: Implementation methads for the integration of distributed systems: Web
Ontology Language (OWL) implementation

Data interchange
- -
S
N
N~ —
Ly
i Tripl
Triple - HpIe
_am—— store
store

ISO 15926 Reference Data Library (RDF/OWL)

[

Standardized

relationships
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Applications of ontologies in Software Engineering

Ontology Driven Development
Use of ontologies through the software
development life cycle.

Ontology Enabled Development
Knowledge management support - e.g., for
the developer (component search, problem
solving support...) or for project
management.
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Ontology models...

Software

Infrastructure

ODD
(e.g. MDA)

&
NI

OBA

(e.g. Business-Rules)

OED OEA
(e.g. Knowledge (e.g. Semantic Web
Management) Services)
dev-time run-time

Roles of ontologies in the
context of software engineering

Ontology Based Architecture
Declarative capture of business logic
through business rules.

Ontology Enabled Architecture

Semantic web services.

(figure from Happel and Seedorf 2006)



Ontologies in Software Development ?

0 Requirements.

= Capturing and modeling domain knowledge.
= Formally modeling and validating requirements (requirements engineering).

= Evolutionary requirement management and traceability.
Ontology-driven
development. 7 O Analysis, design, implementation.

= Integration with software modeling languages (Model Driven Software Engineering):
- Sharable terminologies, formal semantics and consistency, unique resource names.

- Support for automatic transformation and validation of models.

= Use an ontology as object model (including automatic generation of ontology APIs in an object-oriented
programming language).

O Support

Ontology-enabled = Component reuse (e.g., component retrieval based on semantic descriptions).
development.

= Knowledge-based coding support (e.g., autocompletion of APT calls).

46 = Documentation (software information systems with query facilities).



Model Driven Software Engineering

0 Models support the development of running code which satisfies requirements.

0 They are usually developed in successive steps.

= In each phase, models are constructed.

m Parts of the models of previous phases are used as input for other models.

0 Model driven software engineering focuses on automatically generating code, or parts of
models, from other models.

| C ;

ode
[ Requirements \J |:>[ EZ;Z‘ZZ J@[ digglil::ns } :> (e.g.Java [ Test scenarios } [ Documentation }

classes)
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Model Driven Architecture (MDA)

0 Model-driven approach to software design, development and implementation spearheaded by OMG.

0 Separates business and application logic from underlying technology platform, using three layers of models :

= Computer Independent Model (CIM), also called Business Model or Domain Model.

m Platform Independent Model (PIM). 1 citg
(Computational Independant Model)
= Platform Specific Model (PSM) or implementation models. 2

(Platform Independant Model)

0 Two ways to automate the path towards executable systems : ﬁ PIM

= Apply transformation patterns to models or use a model interpretation engine.

0 Ontologies can play several roles : _I (Pltion SpecticMode)

1. Implement the CIM / Business model.

z -
_____

2. Support the consistency checking and the transformation of models. ‘ l Code
SRS e
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The Ontology Definition Metamodel (ODM)

0 An OMG specification aiming to bring together SE and KR :

Mappings between UML, RDFS, OWL.
Last version (2014) supports OWL 2.

0 Foundation for an important set of capabilities for Model Driven Architecture (MDA) :
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Formal grounding for representation, management, interoperability, and application of business semantics.

Varying levels of expressivity, complexity, and form for conceptual models, ranging from UML and ER methodologies
to formal ontologies represented in description logics or first order logic.

Grounding in formal logic, through standards-based, model-theoretic semantics, to enable reasoning engines to

understand, validate, and apply ontologies developed using the ODM.

Profiles and mappings sufficient to support the exchange of models developed in various formalisms and to enable
consistency checking and validation.

Basis for a family of specifications that marry MDA and Semantic Web technologies to support semantic web
services, ontology and policy-based communications and interoperability.

(source https://www.omg.org/spec/’ ODM/)



ODM OWL Class description diagram

RDFSClass
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Ontology driven requirement engineering

0 Requirement engineering is the first task of a software
development process.

0 In a (partially) automated model-driven process,

consistency and completeness of requirements are crucial.

0 A DL ontology can be used for that :

= A requirement metamodel is captured in the TBox. This model
includes consistency and completeness axioms in DL.

= Requirements of a specific project are captured in the ABox.

= SPARQL based queries based on the consistency and completeness

rules validate the requirements.

Reguirement

Engineering

background
\‘lcnnwledg_g

Reguirements

Requirement
Meta Maodel

Thox

Specifications
of a project

_—

— "

Completeness
checking rules

Queries for checking
completeness

Consistency

checking rules

Queries for checking
consistency

(source Pan & al. 2013)

e
< ABox



Semantic web services

Q Service Oriented Architecture (SOA) : approach to developing

software by combining reusable and possibly distributed components
called services.

0 The systematic use of SOA remains limited.

= Difficulty: the need for software developers to handle manually the
discovery, usability, usage and integration of services.

0O Semantic web services refer to the approach where :

= Automatic discovery, selection, composition and execution of services
across heterogeneous users and domains is possible,

= Based on semantic ontologies and data descriptions.

0 Typical example :

= A customer books a trip from a virtual travel agency.

= Flight booking and hotel booking services are identified and
aggregated automatically.
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The Vision

Bringing the web to its full potential

\
Web Services __ Semantic Web

Dynamic :
UDDI, WSDL, SOAP Services

ececccoc)h
ecccce)h

WWWwW
URI, HTML, HTTP

....» Semantic Web

Sicig RDF, RDF(S), OWL

Syntactic Semantic

# qt“lt 5th Internation Conference on Web Engineering (ICWE 2005), Sydney, Australia, July 2005

Contract

Flight
Booking

Service
Provider
provides
Service
Provider

aggregates

Hotel
Booking

Contract

(Stollberg et al. 2005)
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Semantics 2019 conference keynote speak

Try not to move the data.

0 Hybrid architectures : on-premise + cloud. De-centralized business logic.
Structured + unstructured. Multiple data silos, technologies, vendors... the
typical enterprise today...

0 RDF -- particularly cloud-based RDF (and linked data) — a viable, non-

disruptive, universal solution as global metadata manager for the enterprise.

0 Wrapping a virtual model around multiple domain models + RDF views of
relational data + materialized entailments ... seems to be a game changer.

0 Among CIO digital transformation issues :

= Widespread lack of familiarity with knowledge/semantics in general — usually
because it is outside the scope of typical computer science.

= Data migration, storage, and ETL are taking more and more bandwidth.
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Michael J. Sullivan, Principal Cloud

Solutions Architect at Oracle
(https://2019.semantics.cc/try-not-move-data)


https://en.wikipedia.org/wiki/Extract,_transform,_load

Semantics 2019 conference keynote speak

FAIR data and services

0 Semantic technologies have proven crucial to ... represent and reason about
complex biomedical knowledge, ... make knowledge available.

0 FAIR - Findable, Accessible, Interoperable, Reusable : principles for

improving how we discover and reuse high-value research data.
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Endorsed by the G20, the European Commission, Horizon 2020, ... NIH ...

Findable : Data and supplementary materials have sufficiently rich metadata and a
unique and persistent identifier.

Accessible : Metadata and data are understandable to humans and machines. Data
is deposited in a trusted repository.

Interoperable : Metadata use a formal, accessible, shared, and broadly applicable
language for knowledge representation.

Reusable : Data and collections have a clear usage licenses and provide accurate
information on provenance.

Michel Dumontier, Distinguished
Professor of Data Science at

Maastricht University

(https://2019.semantics.cc/beyond-hype-and-
pessimism-fair-data-and-services)



56

For knowledge

Q

International Semantic Web Conference 2019 — keynote speak

Written expression and communication ... allow learning directly from
elaborated knowledge instead of by experience.

The worldwide web facilitating cultural exchange is a culminating point in
this story.

The idea of a semantic web allowing machines to have a grasp on this
knowledge is a tremendous idea.

Alas, after twenty years, the semantic web field is mostly focused on data,
even when it is made of so-called knowledge graphs.

The grand goal of formally expressing knowledge on the web must be
rehabilitated.

We do not need consistent knowledge at the web scale, but local theories
that can be combined...

Jérome Euzenat, senior research

scientist at INRIA, France
(https://iswc2019.semanticweb.org/keynote-

euzenat/)


https://iswc2019.semanticweb.org/keynote-euzenat/

Any thought you want to add ?
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Summary

0 The role of ontologies in software engineering is multiform; contributions have been
identified and investigated in all stages of the software life cycle.

0 From a global software engineering point of view, the Ontology Definition Metamodel from
OMG offers a basis to bring together knowledge engineering and software engineering
through a common metalanguage and mappings.

0 Implementation of business rules, as in expert systems, can rely i.a. on the Semantic Web
Rule Language SWRL, which is merging OWL DL with Horn logic rules. A restriction,
DL-Safe rules, must be respected to keep the result decidable.

0 As a general conclusion, data integration, with the support of semantic metadata and
technologies, and - ideally web-wide - knowledge representation, are the two main
contributions from the field of semantic data.
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