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B The Database World is changing

To manage a mix of structured, semi-structured and
unstructured data

Not only SQL

Key Value ‘ Wide Column Document Store
BEIE]ENS Stores Stores Databases
Oracle NoSQL, | Cassandra, MarkLogic,
Redis, Riak KV ... Hbase ... MongoDB ...
Property RDF Triple Semantlc
Graphs Stores w‘;“' Fw
Neo4), Oracle Spatial&Graphs,
gatalstax Cassandra, Allegrograph, Virtuoso,
L2 Blazegraph, Marklogic, Enzo
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B NoSQL Graph Databases

We just begin to explore the potential of Graph Databases
« Big data analytic, Social Network Analysis, data federation, Linked Open Data,
meta-modelling, ....

« Enables new views on data in ways that would be very difficult to do using
relational data structures

» Allows new type of queries that would be prohibitively expensive, or even
impossible, to run on other databases

Property Graphs or RDF Triple Stores ?

 RDF is more appropriate for Data Federation and Linked Open Data technologies
» Property Graphs are best for traversal and Graph analytics

« Some providers are able to translate Property Graph into RDF Graphs
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B W3C Semantic Web technologies

1. Technologies based on ontologies that enable the proper integration of
knowledge in a way that is reusable by several applications across
businesses, from discovery to corporate affairs

2. Pharma Specific ontologies : Linked Open Drug Data (LODD) for sharing and
interlinking data

DBPedia http://wiki.dbpedia.org/news/dbpedia-based-rdf-dumps-wikidata
Wikidata https://dumps.wikimedia.org/wikidatawiki/entities/
OpenPHACTS https://www.openphacts.org/

Bio2RDF http://download.bio2rdf.org/current/release.html
LinkedLifeData http://linkedlifedata.com/

Elsevier https://www.elsevier.com/

PubChem ftp://ftp.ncbi.nlm.nih.gov/pubchem/RDF/

Pathway Commons http://www.pathwaycommons.org/archives/PC2/current/
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B Linked Open Date : EBI
Current RDF resources Data provider for the life sciences

i Part of the European Molecular Biology Laboratory, an
Intergovernmental research organisation

| ﬁ BioSamples

BLAST Align Retrieve/ID mapping

% i ChEMBL |
-~

SPARQL Downloads

Your SPARQL query Examples
2 - ‘Addenuunonpreﬁx:s[ 1. Select all taxa from t
hovs: algeographic :bhukiiuipload,wildmedia.on PREFIX up:<http://purl.uniprot.org/core/> ~ 2. Select all bacterial ta
PREFIX taxon:<http://purl.uniprot.org/taxonomy/> from the UniProt tax
Taxonomy navigation { > Homo 3 PREFIX rdf:<http://www.w3.org/1999/02/22-rdf-syntax-ns#> . Coli
3 [Choose one o|All lower ta; | PREFIX rdfs:<http://www.w3.org/2000/01/rdf-schemat> e e
Map to L d 5 PREFIX faldo:<http://biohackathon.org/resource/faldo#> entries and their ami
Q Expl‘ession : £ Format 6 SELECT ?protein ?annotation ?begin ?text 4. Select the UniProt er
A“ s UniProtKB (154,485) “(mﬂ 'A4_HUMAN': (show)
_‘I Reviewed (20,200) 9 ?protein a up:Protein . 5. Select a mapping of
Bt — 10 2protein up:organism taxon:9606 . £ 2
Rk Mnemonic *  HUMAN ?protein up:annotation 2annotation . toe bt Cos
Unreviewed T 12 ?annotation a up:Natural Variant Annotation . (show)
(134,285) Taxon identifier © 9606 13 2annotation rdfs:comment 2text . & Salact'5ll croasrefer
T - 5 14 ?annotation up:substitution ?substitution . :
Reactome Scientific name *  Homo sapiens 2annotation up:range/faldo:begin/faldo:position 2begin . the category '3D strt
- Proteomes (1) : § ?protein up:sequence ?sequence . entries that are class
Common name *  Human 1 ?sequence rdf:value ?value .

BIND (substr(?value, ?begin, 1) as Zoriginal) . '3Fe-4S': (show)

FILTER(?original = 'Y' && 2?substitution = 'F') . Select all UniProt ent
protein name, that h
that contains the tex
Select the preferred
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B SPARQL End

SPARQL allows gueries
on local data and on
remote data accessible
through a SPARQL end
point

Example : call the
Uniprot SPARQL end
point to enrich the
locally stored data
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¥ PREFIX up: <http://users.ugent.be/~tdenies/up/> g

owl: <http://www.w3.0rg/2002/07/0wl#>
rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
bio:

A
prefix c
prefix
prefix <http://www.biopaz.org/release/biopax-level3.owls>
skos: <http://www.w3.0rg/2004/02/skos/core#>

prefix :

prefix
<http://www.pharma.com/pubChem/>
prefix up: <http://purl.uniprot.org/core/>
select *
v where { ?protein skos:closeMatch|skos:exactMatch ?uniprot .
OPTIONAL {SERVICE <http://spargl.uniprot.org/spargl> { ?uniprot rdfs:label ?uname ; up:organism/up:scientificName
?organism }

}

QUERY RESULTS

LS.}
L&}

Showing 1 to 2 of 2 entries

Raw Response = %

Search: \—[ Show 50 v entries

& uniprot § uname § organism 8

protein v

Semantic Data @ Pharma

<http://rdf.nchi.nim.nih.gov/pubchem/prot

ein/GI124375976> <http://purl.uniprot.org/uniprot/P10275>

"Androgen receptor” "Homo sapiens”

<http://rdf.ncbi.nim.nih.gov/pubchem/com o )
<http:/fwww.wikidata.org/entity/Q18216>
pound/CID2244> p:/www.wikidata.org/entity/Q
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B RDF Semantic technologies C g Ssmantic

B Use Case 1. Find signal in large or complex
data sources (data silos)
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P
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— For Link Analysis, Pattern discovery,
detect anomalies

Use Case 2: Build a Semantic Metadata Layer
Use Case 3: Data Integration

— Federate data and create a semantic data lake

B
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l

RDF Triple Stores to store the data
SPARQL to query the data, SPARUL to change it

Supports Reasoning/Inferencing features based on predefined rules such as
OWL,SKOS for data discovery

| trivadis
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B Building an ontology

8

Ontologies are the conceptualization of
knowledge, which explains how different concepts
are linked and represented

W3C RDF Semantic Technology is a natural
choice for metadata and real-world facts.

You add relationships between facts, documents
and you can infer new facts

Ontology modeling tools: TopBraid, Protegé

27.02.2017 Semantic Data @ Pharma
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B Semantic Web to enrich your information

Semantic Technology Enables an Investigative Approach to
Diverse Data from Varying Sources

in-house Comp. Intel. database
Mkt Cap

$52.2B
[Drug5123 drugsl23.com $930M ]

Company Website

Bio Corp  biocorp.com

Drugsl123
Twme
activity
Company _—
market .
website

cap

930,000,000 drugs123.com

Web news
On Tuesday,

Ad-hoc notes, forms, etc.

Review Notes

Drugs123 Inc. Drug: ) Nrarcolepml
announced phase Rvm':enrea on: 3 ,’20_'\2 .
1 development Of Notes: Initial safecy ilgnalg
are promising. ec.
their newest sleep follow-up.
aid therapeutic, A —
Narcolepfol | Submit || Reset 3/7/2012
/‘vhen
note
Initial safety | __—" Note
signals are ...
Aout
Drug developing
> Dru
Development &
development N
P indication brand
stage name
1 Insomnia Narcoleptol
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B Build a Semantic Metadata Layer

Ingest and semantify, index and query

INPUT UNIFIED DATA MODEL PUBLISH OUTPUT
~ = [
TN ™ o -
Streams— s
Tl = -
T -- - = Views
L. ) L
Unstructured =2 v o
S Data | QUERY
- , os Services
P
e
: - O
Seml-structureil _” - @
. |
- Caching I
*-- --------- -y

Structured . - —_——
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B Master Data Management / Reference Data / enterprise
vocabulary

The RDF graph model can align the entities and semantics in the graph with the
semantics of an enterprise vocabulary or ontology.

« One Master & Meta-terminology (countries, region, product, Genes, proteins, ...)

« Applications consume the master data in a flexible way though SPARQL end points,
Java APls, database views or webservices

This ensures that application developers code to a common, semantically consistent
vocabulary when performing federated queries

A unique benefit of RDF graphs is that resources enable data integration between
different and even disparate data sets

* Integration is possible because each resource has a globally unique universal

resource identifier (URI). <http://rdf.cdisc.org/send-terminology#C85493.C85564 >
1 | trivadis
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B Integration and Discovery of Disparate Life Science Data

etc. bcecn

o >
RDF Graph (metadata, ontoIocuesI I #E e GO =

Molecular E
Models Gomon e

Instance Data e e

RDF graph is an enterprise metadata framework. The metadata graph associates
underlying instance data to other data resources based on their semantics.

trivadis
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B Semantic metadata integration, linked data

13

Benefits:
 Flexible Data Modeling: incorporates new kinds of data and relationships

 Data Integration: allows semantic and relational data assets to be interrogated
together for first time for greater discovery

* New set of services: extends accessibility and usability of enterprise data
- The linking of resources enables interoperability between apps that exchange data

» Better Analysis: enables discovery of unknown relationships based on semantics;
visualization of relationships

trivadis
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B Health Care Enterprise metadata framework

Harmonizing the Electronic Health Care Ecosystem using a Triple store

Enterprise-wide, Patient-
centric, longitudinal Record
System

Domain Ontologies

(business metadata +
Ontologies)

Data Servers

Lab/clinical Care Research

% PublfQed
National
Library
of Medicine

Lab Inf i e e . .
Medical Devices ab Information Subscription Services Legacy Patient Records

” ttivadis
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B Semantic Web technologies complements Data

€ =

Warehouse/Hadoop by offloading Graph Analytics

* Unstructured data (PDFs, MS
Word, pictures)

XML documents,
Multimedia content #
Web content

Satellite and medical imagery
Maps and geographic
information

Data
Warehouse

Hadoop

000

Other Big
Data

D D D Appliances

Existing Analytic Enviroment(s)

* Sensor data
* Semantic web structures

15

t

Export Import
Analytic/ Graph
Relationship Datasets

Results
h

Visualisation
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B Semantic Metadata Layer at Roche

pPREDi Terminology Service

Final Architecture

SX Curation Instance
e e —

RESTful
Services

SPARQL
Endpoint

lexical
extraction

RTS Viewer Application Data Feeder
=l o _concept
~° [Tcandidates”
a T % 3 8 XML
-

3

Application Layer

Oracle Spatial &
Graph

Metadata layer
using SKOS and
SKOS-XL

REST Api

SPARQL End Point
Curration platform
Validation,
Versioning, Security
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B Semantic search on scientific data 'y NOVARTIS

INSTITUTES FOR
BIOMEDICAL RESEARCH

Business Challenge

* Link database information on genes,
proteins, metabolic pathways, compounds,
ligands, etc. to original sources.

* Increase productivity for accessing,
sharing, searching, navigating, cross-
linking, analyzing internal /external data

management

Solution
* Semantic integration layer using RDF graph

Statistic
* Rich domain-specific terminology (biology, -
chemistry and medicine) 1.6 M terms : : : : : : |
* Terminology Hub: 8 GB of referential data | .iPa.r.sins..E_rit.i.tv Ext.r.a.r-'t:iqn,.Tvpi.ns;,.qumali.z,ét.ion,_Classi;ﬁcati.un,.ﬂtél.es..
(ontologies) that cross-reference various
data repositories.

* About 140 million triples

TERMINOLOGY

Back-end /.

trivadis
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B Query RDF Data with Oracle
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1.

o0k W

SPARQL

— SQL SEM_MATCH
— SPARQL end point
SQL

PL/SQL

Java

REST APIs

SOAP Webservices

E SELECT cname, pop, o, neighbor
FROM TABLE (SEM_MATCH (
'"PREFIX : <http://www.semwebtech.org/mondial/10/meta$>
SELECT 2?x ?cname ?pop 2?gdp 20 ?neighbor
WHERE {2?x rdf:type :Country .
?x :name ?cname filter (sameTerm(?cname, "Switzerland"))
?x :population 2pop .
?x :gdpTotal 2gdp .
?x :neighbor 2o .
?0 :name ?neighbor}’,
SEM Models ('VIRT MODEL MONDIAL'),
SEM Rulebases(''),null, null, null,null));

uery Result x
5, @) g sqL | AlRows Fetched: 5in 0.192 seconds
) crame dpop o | NEIGHBOR

1 Switzerland 7207060 http://www.semwebtech.org/mondial/10/countries/D/ Germany

2 Switzerland 7207060 http://www.semwebtech.org/mondial/10/countries/I/ Italy

3 Switzerland 7207060 http://www.semwebtech.org/mondial/10/countries/F/ France

4 Switzerland 7207060 http://www.semwebtech.org/mondial/10/countries/FL/ Liechtenstein
5 Switzerland 7207060 http://www.semwebtech.org/mondial/10/countries/A/ Austria

trivadis
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B Data federation & Semantic Knowledge Hub

sPARQL N T
Endpoint _
o ORACLE‘12(;
g @ On the fly

aide]e

j g

Reporting

|
i

+
vizualisation

iILVP
o) < Triple StorD Relational = RDF
" Yo Metamodel
ontology %0
AllegroGraph | <—— . Source
persist Ource1 SOUI‘CGZ 3
N— -~
fEHts Store n Data sources in RDF + Metamodel | L
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B Allegrograph Gruff on onePK

File View TextSearch Display Link Remove Layout Select Edit Global Options Visual Graph Options Help
Has Nufrition State

~
»

Has Route

Has Strain

Has Unit

On Parameter
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\V/

. =

@

1.900
INT 441476
Left-click a property to collapse or Leftclick a*
expand its rows. Shift-left-click to Right-click
Property add a property's triples to the Value J moves do
graph view. Control-left-cick a
nronertv to make it a eurrent ored
Age source id 9
Belongs To Administration INT 1456518848
Has Age Adult-aged
Has Gender undefined
Has Nutrition State
Has Unit gVl
On Parameter AUC All
Operator -
Result ID 441476
Type Result
Value 1 000
Value 2 000
Weight undefined
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B Reporting on Linked Open Data

onepK demo uses ELDA Epimorphics (Open Source)

« REST based syntax http://.../ontologies/onePK/pkstudies

- Hides SPARQL e http://../ontologies/onePK/administration/PHP_1427975312

csv | json | jsondd f o xml

p—— [tem

Results 11to 10 of 12145

Search Results

stration#PHP_1427
FDA approval package document: Clinical Pharmacolo and
Biopharmaceutics Review 021260/S-000, page:11 PDF

FDA approval package document C
FDA approval package documen

hasid 323444;

FDA approval package documen!
FDA approval package document

. type PKStudy FDA approval package document
. FDA approval package documen

concentration undefined
has assay PHP_2870945051 FDA approval package documen 2
8 - EMA approval document. ANNEX |, page: 39 .
on species 9606 FDA approval package document Approval dose_unit ug

admin ID 14279753

study has PHP_285809240 next»

* Poolparty

FDA approval package document: Approval Package 087863, page:8 PDF drug_source_id

93K formulation undefined
° FI u I d O ps e e B ave time_duration Single
B hasia -
fype PKStudy AV
" type Administration
has assay PHP_2670045051 gg has assay
° M etap h aCtS on species 9605 B . admin has study PHP_2400385764
study has adminstration .
study has PHP_2015238968
adminstration has dose unit C85494 C48152
has route 4945CAS6B0D71011E0530201A D3
B R e o s505 16 Saney PhR Tiasotogy and e has strain 495E38E 4F55E42E8E0530201ABCO3EFF
ab 586
basid Je— basic > short uses drug drugbank:DB00586
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Questions & Answers...

Marc Lieber
Principal consultant

Tel. +41 /9 45797461

Marc.lieber @trivadisicom
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