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g WHO IS OSTHUS?

7 Global organization

7 120+ employees and growing rapidly

7 16+ big pharma customers + many chemicals and
lab-based companies.

7 Allotrope Framework Architect

7 Our approach technology:

(‘/ \' Connecting data, people and organizations
P

z
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DATA AS AN ASSET
DIGITALIZATION

Slide 3



g Current Situation in the Lab

7 increase in automation

7 connected devices

7 heterogeneous IT landscape
7 increased complexity

7 more data is generated

7 stronger regulations

~ high cost pressure

Digitalization is often still
just “paper on glass™!

Slide 4
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Value of Data is Realized by Usage in Decision Making and Insights

'...‘ Use data to answer business questions.

Data Assets

Slide 5



g Value of Data is Mostly Not Realized

“Only 3% of Companies’ Data
Meets Basic Quality Standards”

Harvard Business Review: https://hbr.org/2017/09/0only-
3-of-companies-data-meets-basic-quality-standards

bad data quality, findability, accessibility, “For mostllarge enterpris_es, the
interoperability, reusability root of this problem lies in years of

treating the data generated by their
operational systems as a form of
exhaust rather than as a fuel to
deliver great services, build better
products, and create competitive
advantage.”

Data ASSEtS Database Trends and Applications:

http://www.dbta.com/Editorial/Trends-and-Applications/The-
Enterprise-Data-Debt-Crisis-123008.aspx

ISTHUS”
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http://www.dbta.com/Editorial/Trends-and-Applications/The-Enterprise-Data-Debt-Crisis-123008.aspx
https://hbr.org/2017/09/only-3-of-companies-data-meets-basic-quality-standards
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Finding Information is time-consuming

Example Questions:

“Which chromatograms did we make
this year for molecule X?”

“Did we already analyze compound X?”

“In which of our labs can | run
experiment X?”

“Can | trust the data that was generated
by someone else in my company?”

% of average workweek

Interaction workers’
tasks

Reading and
answering e-mail

| 28
Searching and - minimize this
gathering information 19

Communicating and 0
collaborating internally 14

Role-specific tasks i 39
I -

Source: International Data Corporation (IDC); McKinsey
Global Institute analysis.

focus here
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Guiding Principles for Scientific Data Management and Stewardship*

Edable Accessible nteroperable
3
SRR

*Source: https://www.nature.com/articles/sdata201618
G20 endorse the FAIR principles: https://www.dtls.nl/2016/09/13/g20-endorse-fair-principles/

eusable

~
99
d
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https://www.nature.com/articles/sdata201618
https://www.dtls.nl/2016/09/13/g20-endorse-fair-principles/

g Laboratory Analytical Process

Cparucr k.

sample analytical process data

2
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Allotrope Framework:
From concept to reality

Allotrope
Launched

Scope &
strategy
defined

Initiate software
development

Feasibility
studies & POCs
Design, testing &
due diligence

Evaluation of
existing standards

Phase I: Proof of
Concept Studies

/ADF/API enhancements & testing\
V1.1 released internally (Mar)
Increased vendor contribution

Release roadmap
K V1.2 released internally (Nov)

/

Phase ll:
Commercial
Development

/ APl & Taxonomy \

development

V1.0 released
internally (Sept)

15t deployments @

~

»

, ADM Data Model Release

Commercialization

GOH- World Best Practice Award

PRACTICE!

AFO Ontology Release Q4 oy

WINNER

BT Workd

Embedded in member companies; in

member companies
o /

goduction @2

ADF/api Release Q2 BEST

~

S
S

/

©2017 Allotrope Foundation

Phase lll: Grow & Sustain Ecosystem
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Allotrope Data Format (ADF): A Universal Data Container

Allotrope Data Format (ADF)

Descriptive metadata about

Data DESCI’iptiOI‘I * Method, mstrlument, sample,
' process, result, etc.
Semantic Graph Model - Provenance, audit trail

« Data Cube, Data Package

Analytical data represented by
one- or multidimensional arrays
of homogeneous data structures.

Data Cubes

Universal Data Container

Analytical data represented by
Data Package N (= arbitrary formats, incl. native
Virtual File System instrument formats, images,
pdf, video, etc.

n
)
T
S
Lo
2
n
n
Ao
)
—
L
<
oJ
©
>
S
S
2
o
<

HDF5 Specifically designed to store

Platform Independent File Format and (_)rga_n_ize large amounts
of scientific data.

2
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g Standardized Data & Metadata

A standardised semantic

model for data & metadata.

A set of constraints on the
semantic model using data
shapes.

Slide 13

Released Dec 2017

( Ontologies \

- J

/ Data Models \

[>0]

Released July 2017

4 Allotrope Data )
Format

Data Description
Semantic Model

Data Cubes

Universal Data Container

Data Package

Virtual file system

\§ J

Coming in 2018

ADF Explorer

4

ADF Explorer allows
browsing of existing

. J

A high-performance binary data format.
Instrument, vendor, platform agnostic.

ADF files.

An API to allow consistent
creation & reading of ADF files.

2
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‘1' Semantics: Reference Ontologies, Constraints and Instance Data

Allotrope Data Format (ADF)
Instance Data

« Information about particular experiments
« Metadata for data cubes and data package

is structured by
Allotrope Data Models (ADM)

Constraints

15 CIaSSIerd by « Standards based implementation with W3C SHACL

+ Specify usage of ontologies for experiment data provide

standardized
vocabulary

Allotrope Foundation Ontologies (AFO)
Classes & Properties

e Standards based: RDF, OWL, SKOS

» Aligned with Basic Formal Ontology

» Modularization: ontology with taxonomy-backbones

* Reuse of standards: QUDT, ChEBI, Data Cube Ontology etc.

z
Side 14 OSTHUS



~ [ Semantic Spectrum of Knowledge Organization Systems

strong semantics

description logic, rules

OWL

Ontology

formal instance-of, properties,
cardinalities, constraints

UML, RDFS, OWL lite, SHACL

Conceptual Models

semantic Taxonomy formal is-a, subclass-of
interoperability (formal hierarchy) o [gggerahzatmn hierarchy

structural and syntactic T h esaurus

‘has narrower/broader meaning than’, synonyms,

interoperability association relations
SKOS
In fO rm al Hierarc hy informal parent-child (directories, table of contents, XML ...)

(weak Taxonomy) XML

List glossary, dictionary

controlled vocabulary, set of terms, catalog ID
weak semantics
Sources * Deborah L. McGuinness. "Ontologies Come of Age". In Dieter Fensel, Jim Hendler, Henry Lieberman, and Wolfgang Wahlster, editors. Spinning the Semantic Web: Bringing the World Wide Web to Its Full Potential. MIT Press, 2003.
*  Michael Uschold and Michael Gruninger “Ontologies and semantics for seamless connectivity” SIGMOD Rec. 33, 4 (December 2004), 58-64. DOI=http://dx.doi.org/10.1145/1041410.1041420 I'E;
Leo Obrst “The Ontology Spectrum”. Book section in of Roberto Poli, Michael Healy, Achilles Kameas “Theory and Applications of Ontology: Computer Applications”. Springer Netherlands, 17 Sep 2010. O S T H U S

Slide 15 »  Leo Obrst and Mills Davis "Semantic Wave 2008 Report: Industry Roadmap to Web 3.0 & Multibillion Dollar Market Opportunities”. 2008.
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AFO: A Modularized Ontology based on Taxonomy Backbones

Top-Level Ontology

bfo:specifically dependen

bfo:realizable entity

bfo:continuant

bfo:disposition

dependent

bfo:generically

bfo:entity

bfo:independent

bfo:process

Bindin | |
) . _ ) iao:information bfo:material obi:planned
bfo:quality bfo:role bfo:function content entity entity process
Quality [[Role & Function Result Material Equipment]|| Process




~
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v @ entity
v @ continuant

»- @ 'generically dependent continuant’
v @ 'independent continuant’
» @ 'immaterial entity’
v--@ 'material entity’
v @ material
@ 'active pharmaceutical ingredient’
»- @ additive
»- @ ampholyte
»- @ analyte
v-- @ artifact
@ chemical
»-- @ device
@ atom
v-- @ 'portion of material’
v @ 'portion of mixed material'
v @ blend

@ ribbon
v--@ 'heterogeneous mixture'

@ spray
- @ suspension
v--@ 'homogeneous mixture'
v--@ colloid
- @ 'associational colloid'
v--@ 'dispersion colloid’
~ @ foam
v--© gel

@ ‘electrolyte gel'
@ 'liquid aerosol’
@ sol
@ 'molecular colloid'
@ emulsion
i v @ solution
»- @ 'natural material’

@ 'direct compression blend'

@ 'solid heterogeneous mixture'

v sample
» @ ‘capillary electrophoresis gel'

Materials Module (Taxonomy Part)

@ particle

v @ 'portion of material'

v @ 'portion of mixed material'
v @ blend
- @ 'direct compression blend'
@ ribbon
v--@ 'heterogeneous mixture'
- @ 'solid heterogeneous mixture'
@ spray
: @ suspension
v @ 'homogeneous mixture'
v @ colloid
@ 'associational colloid'
v--@ 'dispersion colloid’
@ foam
v £ gel
» @ 'capillary electrophoresis gel'
@ ‘electrolyte gel'
~@ 'liquid aerosol'
@ sol
@ 'molecular colloid'
- @ emulsion
v @ solution
v--@ 'portion of pure substance’
@ 'portion of bulk stuff'
v--@ 'portion of compound'
- @ 'portion of resin’
@ 'portion of water'
@ 'portion of element’

~@ 'blank sample’
@ 'blood sample’
@ ‘calibration sample’
@ 'cell culture sample’
@ ‘control sample’
@ 'quality control sample’
@ 'reference sample’
@ specimen
@ 'spiked sample’
@ 'standard sample'
@ 'unknown sample'
@ 'unspiked sample’

v @ 'molecular entity’
v @ cluster

V- @i
v

v

@ ‘cluster ion’

@ micelle

on

@ 'adduct ion’
@ 'protonated molecule'

@ anion

@ 'anionized molecule’

@ 'molecular anion'

- @ cation

v @ 'cationized molecule’
@ 'protonated molecule
- @ 'molecular cation’
@ ‘cluster ion'
@ counterion
@ 'dimeric ion’
@ 'proton-bound dimer’

-@ 'even-electron ion'
@ 'ion/neutral complex’

@ 'isobaric ion'
@ ‘isotopic ion'
@ ‘isotopically enriched ion’

@ 'metastable ion'

@ 'molecular ion’
@ 'molecular anion’
- @ 'molecular cation’
@ 'product ion'
@ 'protonated molecule’
@ 'molecular cation’
@ ‘cluster ion'
@ counterion
@ ‘dimeric ion’
- @ 'proton-bound dimer'
@ 'even-electron ion'

~-@ 'lon/neutral complex'
@ "isobaric ion'

@ 'isotopic ion’
@ ‘isotopically enriched ion’
@ 'metastable ion’
@ 'molecular ion’
- @ 'molecular anion’
@ 'molecular cation’

2
JSTHUS



Slide 18

AFO: A Modularized Ontology based on Taxonomy Backbones

bfo:entity

Top-Level Ontology

bfo:continuant

bfo:specifically dependen

bfo:generically bfo:independent bfo:process
dependent

bfo:realizable entity

bfo:disposition

Bindin l |

) . _ _ ) iao:information bfo:material obi:planned
bfo:quality bfo:role bfo:function content entity entity process ﬁ

ik | |
sample role has|role powder has material input weighing

i n]

has quality W'

/

mass bala}l/
trending plot % Sata output
O ’
Quality ||Role & Function Result Material Equipment|| Process

2
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g Ontology for HPLC Example

| "

= __‘Ef:_”:‘-{

I liquid d1mr';1=bngmph|

process

2
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g Instance Graphs with Repeating Model Patterns

Allotrope Data Model Pattern
Catalog

https://allotrope.qgitlab.io/adm-patterns/

2
JSTHUS
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https://allotrope.gitlab.io/adm-patterns/

(: Allotrope Data Model Pattern Catalog

v 10.1. Device information of an HPLC

Example of information about an high-performance liquid chromatograph.

af-x:identifies___|[af-r:equipment serial humber]| _afx:has value .I||e465b78_345u|

(AFX_0002717) (AFR_0D01113) (AFX_0000690)

af-e:high-performance liquid chromatograph

(AFE_DDOO224)
\ af-r:identifier] |_afx:has value, »["HPLCO1"|
[ (AFR_0000917) ] (AFX_DOD0ESD) Ll "HPLCOIH
af-x:describes iao:model number]|_afx:has value aln n
(AFX_0002699) [ ao (la.g_nnnnnul}-l be ] [AFX_0000690) »"G2345

-r:fi i |___afahas value
[af r flrm( walrzejversmn] e "1.7.28"
- ipm man afx:has value " "
[af r.equip {E{Itlz ]a ufacturer] — (arx. a000580) company

=
=
™
o
=
@
=
E
8
3]
@
o0
@
&
1]
=
i)
=
1]
[&]
2]
a
=
1=
<

v 10.2. Device stack of an HPLC

Example of a stack of a high-performance liquid chromatograph. The column is located within a temperature-controlled compartment that is contained in the column oven.

af-e:high-performance liquid chromatograph

(AFE_00DOZ224)

af-x:has component Jaf-e:autosampler

(AFX_0000972) (AFE_D00D073)

af-e:pump

(AFE_0000499)

af-e:detector

(AFE_0000090)

af-e:column|_ro:located in

(AFE_D000217) (RO_0001025) \*

af-e:oven| ___af-x:contains_laf-e:compartment

(AFE_0000816) (AFX_0001048) (AFE_0000322)

2
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https://allotrope.gitlab.io/adm-patterns/Semantic pattern of device/

~ [ A Foundation for Interoperability & Next Generation Analytics

Data Description
Reqyest ___Sample Method ___F Data & Results

Allotrope Foundation Ontologies (AFO)

Stability R‘Z‘i‘;g';e Solubility -

Allotrope Data Models (ADM)

Data Cubes Chromatogram: 2D Chromatogram: 3D

Data Package

Batch Rel. Solubility

Stability Study Study Study

Taxonomies

EQUip_ment

HPLC-UV MS NMR
Experiment Experiment Experiment

Platform IndependentFile Format

Allotrope Data Format (ADF) REGuEs: Search &
g Report Reuse Data
7 Data Description l f f
-% Semantic Graph Model
% Plan - N| Prepare || Submit || Controllnst. || Process Analyze || Reports |-\| ::&ns’e
o Analysis [—/] Samples [/ Samples [/ Acquire Data [/ Data Data —|  Results [/ Data
o Data Cubes
I Universal Data Container
z \AM/\/\A/\
] ;
Analytical Sample Prep Instrument Instrument Reported
© 5 Processed Data Analyzed Data Stored Data
=z Data Package Method Data Instructions Data Results
) - -
Py Virtual File System
o
<

HDF>

Platform IndependentFile Format

z
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Benefits of Reusing Allotrope Data Format

7 Highly reusable, generic data container

o Flexibility to integrate any custom taxonomy or

ontology SEARCH @

i

,' -
ANALYS‘-IS_—\E]‘?A

Allotrope Data
Format

e Can be reused for specification of other standards
~ Improves searchability & findability

7 Supports interoperability & reusability:
e Makes data understandable
e Removes ambiguities
o Simplifies reproducibility Data Description

Semantic Model
~ Significantly improves information exchange

within a community

: Data Cubes
7 Ready for productive use Universal Data Container

o E.g., data integrity, traceability,
audit-trail out-of-the-box

_ _ Data Package
7 Prepares data for Big Data, Data Science, Al Virtual file system

applications
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Pistoia Alliance: Methods Database ‘W pistols

METHODS

pataase  Alliance

Method recapitulation across business units within, and external to, pharmaceutical research
companies continues to be a challenge. Leveraging institutional knowledge to improve method
development is also a struggle as this information is neither shared outside of groups nor stored in
standard formats across instrument type. Lastly, making instruments and the discovery process as
a whole, more resilient to local or global cyber-outages is becoming a higher priority across IT

organizations.

1. Extend LC-UV OntOlOgles G"otrope Data Format AP| 3. Use Allotrope
APl to write

ontologies to
ADF I include method Data Description digital version of
parameters in Semantic Model LC-UV method
scope of PoC into ADF file
Chromatogram Image Data Cubes
: : Universal Data
2. Extend LC-UV Data Models Container 4. Leverage
structure of ADF
file to

communicate with
external software

>(
semantic data L
model to include Data Package
these method 11.2] Virtual file system
Method DB parameters \ )
=

(l
\,

GDT Report

2
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9 Archiving Platform

Slide 25

..EONTALSPACE

* 1stdigital archiving platform to enable high data integrity and reuse at

enterprise scale.

* Seamless compliance and a greater capacity to innovate.

* Based on open standards and FAIR data principles

ENTERPRISE PLATFORM

I'_ID Execute cross-functional
organizational responsibilities
by using a set of integrated
and standardized software
services that are shared
across the enterprise.

Functional needs of individual
business units are met by
implementing platform-
enabled applications.

http://www.zontal.io/

Q

DATA DISCOVERY AND
REUSE

Enhance search capabilities
relevant to any global
enterprise data application
and ensure that non-scientific
and scientific data is highly
discoverable and enabled for
reuse. Finding and extracting
layers of standardized
metadata during the
ingestion process can save an
enterprise time and money.

*s

REGULATORY COMPLIANCE

Manage data integrity and
access controls across the
enterprise. As more data is
derived from more sources,
centralized data lifecycle
management helps
companies to both
strengthen supervision and
enable innovation to take
place.

2
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g An Information-Centric World Allows to Utilize Data Effectively

. o 4 . )
4 Analytics Tools N ( Visualization A Reporting
simulations dashboards regulatory
statistics exploration ESEEESEEEE:::::E ...... internal PR
@ search »:% @0 external
g J [l \_

Data Science Layer
machine learning, text analytics, NLP, clustering, matching, classification

Lightweight Semantic Integration Layer
data catalogs, reference master data mgt., metadata mgt., semantic indexing, linking, governance, APIs

Instrument Operational DBs  Semi-structured Unstructured Semantic Linked Open Data

Dat Data Documents  Graph DB & O API ~
e P Pen APls - ~sTHUS®?






