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Fundamentals of 3 measurement workflow
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 Contextual meta data accumulates along every step
* Distributed across multiple systems
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Status quo in the laboratory

Many challenges for data capture, integration &

sharing

e Manual transcription of methods
 Incompatible instruments & software systems

e Manual data handling that challenges data

integrity

e Legacy architectures are brittle & rigid
e Knowledge & context resides in people’s heads

e Silos of data, context and meaning

From Eric Little, Osthus
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Cleaning Big Data: Most Time-Consuming, Leaslt
Enjoyable Data Science Task, Survey Says

What data scientists spend the most time doing

3% 5%

® Building training sets: 3%
® (Cleaning and organizing data: 60%
® (ollecting data sets; 19%
Mining data for patterns: 9%
® Refining algorithms: 4%
® Other: 5%

Gil Press, www.forbes.com, March 23, 2016; based on ClowdFlower survey of data scientists
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Data-Driven or Data Challenged Industry?

Data + Big . BigData
Problem Data  Problem
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Addressing the roolt causes

Vendor/instrument-Specific Formats Data in Standard Format

L

Paper-based and unstructured text for methods, A Standard vocabulary & metadata structure
regulations, recipes, observations, etc
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The Allotrope Framework

A standardised semantic
model for data & metadata.
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A set of constraints on the A high-performance An API to allow ADF Explorer allows browsing
semantic model using data binary data format. consistent creation & of existing ADF files.
shapes. Instrument, vendor, reading of ADF files.

platform agnostic.
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Allotrope Data Format (ADF)
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Allotrope Data Format (ADF)

Data Description
Semantic Graph Model

Data Cubes

Universal Data Container

Data Package
Virtual File System

HDF5

Platform Independent File Format

Descriptive metadata about
* Method, instrument, sample, process, result, etc.
* Provenance, audit trall
» Data Cube, Data Package

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

Data represented by arbitrary formats, incl. native
instrument formats, images, pdf, video, etc.

Specifically designed to store and organize large
amounts of scientific data.
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Allotrope Ontologies

Entity

Data Type
Property

Material

Object
Property

Absorbance

Background
Intensity

Sample Spectrometer

Mass
Spectrometer

Chromatography
Column

Chromato-
graphy Phase

Absorbance
Repeatability

Chromatograph

domain: material domain: equipment domain: process domain: result domain: properties

e Terms and definitions are contained in the taxonomy
— What it is and where it is (URI)
* The taxonomy contains the smallest “building block” items

— Modular Partitioning is key
\;‘>

Parts are reconstructed in the
ontologies to leverage more
complex relations

From Eric Little & Thomas Weber, Osthus Allotrope Foundation, BiolT World 2017
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Example: ChemStation Metadata Content

“rasult®

HPLC-run

<af-p:AFP_0000748>

"has sample input”

- Technigque: HPLC Chromatograms
- Identifier: <DAD1A>
- Sample name - Executed by user - Created DateTime: <2015-09-18T23:02:447>
- Sample description - LIMS ID -Peaks ()
Meas. Request IDs, not part of AFT yet - Index: <1>
- " - Compound Name: <Tramadol>
selects - Methods ~ Peak Elution Time: <1.20...> + Uit
Acq: Name, Last Modified DateTime — Peak Area Value: <31.36..> + Unit
HPLC Instrument DA: Name, Last Modified DateTime - 2'?3:':"?3 ;Tf:: :20‘141?;}+Ul.l}it‘t
. . - Peak Height Value; <21.22..> + Uni
T AL - Acg Method Parameters — Peak Height Percent: <3.06..> + Unit
- Instrument identifier: <LC-0312> converted a significant amount of - Peak Start: <1.18..> + Unit
- Instrument description: < ...> acquisition parameters into the <af-p> - Peak Stop: <1.22...>+ Unit
"nrocess”™ section using ATF - Peak Width: <0.02...> + Unit
Device Module core details — Baseline value at Start of Peak: <-1.10...> + Unit
Ww “W — Baselime value at End of Peak: <-1.10...> +Unit

BinPump G1312B DE12345678 ADE.S0 i’
Sampler G1367C DE234567E0 ADB.50 .:"a Links to data
ColumnComp G13168 DEI4SETEH0 ADB.50 ."'*i in ADF data cube
DAD G1315C DE4SHTE901 ADE.S0 ':".-“
HPLC Column details: e e

Column Identifier: <1> C= HEE=: :

Column Description: <S8-C18>

Column SerialMo: <USWEX01247>
Column BatchMumber: <P12345>
Colummn Length: <50

Column Length Unit: <Millimeters
Column Particle Size; <1.8>

Column Particle Size Unit: <Micrometers
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Data Models: Example- HPLC

Ontologies provide an unconstrained vocabulary we can use to describe
things (instances) in our open world and give them a meaning (= what it is)

—  Data structures (schemas, templates) describe how to use the ontologies for

mmmummumﬁm} ? . . . . . . ;.
= %—; a given purpose in a standardized (reproducible, predictable, verifiable) way
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Shapes Constraint Language (SHACL, expressed as RDF) is a WC3 standard to
do this, used for Allotrope ‘Data Models’
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A Foundation for Interoperability
& Next Generation Analytics

Data Description
Request ___Sample __Method Data & Results

Allotrope Foundation Ontologies (AFO)

Batch
Release
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EqUip_ment
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Allotrope Data Models (ADM)

Stability Batch Rel. Solubility
Study Study Study

Data Cubes Chromatogram: 2D Chromatogram: 3D

Data Package

HPLC-UV MS NMR
Experiment Experiment Experiment

Platform IndependentFile Format

Allotrope Data Format (ADF) R Search &
equest Report Reuse Data
Data Description * *
Semantic Graph Model
Plan Prepare Submit Control Inst. Process Analyze Reports Asrt&rls'e
Analysis Samples Samples Acquire Data Data Data Results Data
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Universal Data Container
Analytical Sample Prep Instrument Instrument Processed Data -
; lyzed Data Stored Data
D at a P ac k a g e Method Data Instructions Data Results
Virtual File System
HDF5
Platform IndependentFile Format
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What can we achieve by rethinking how we collect and care for our

scientific data? Better Scientific Reproducibility Increased Data Integrity,
> Context, Quality

Reduced Manual Effort & Paper

Streamlined Access,
Sharing, Integration
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Examples of Work in Flight @ Allotrope Member Companies

Plan | \| Prepare [ x| Submit | n| Controllnst. | ~| Process | \| Analyze [ ~| Reports | | Stohr_e,
Analysis [ Samples [] Samples [/ AcquireData {+| Data [] Data [] Results [~] Archive

ELN

Data Lake

Data
vy ¢

LIMS Mass S ec

Ontologies API

Ontologies

CDS / SDMS ( HP LC) Ontologies Da.ta[ mosers (L [ ELN Search &
[ ][' ]{ analysis
Archive

Highly automated, Keyboard-less lab [ ]{ ]




Release Roadmap
Version 1.0 released Sept 2015

ADF Allotrope Data Format e AFO & ADM releases in 2017 complete for HPLC-UV via Allotrope
AFO Allotrope Foundation Ontologies  « QOther techniques likely in 2017: NMR, MS
ADM Allotrope Data Models * ‘ADF Explorer’ publically available July 2017

ADF 1.2 Delivered
ADF 1.2 Tested

ADF 1.3 — Structural Robustness maintenance
Scoping ADF 1.3 Delivered ‘ Public release
ADF 1.3 Tested

AFO 1.2 - Structural Robustness + Governance w
AFO 1.2 Tested

ADM 1.0 - Initial Standardized Data Models + Certification + Governance m

ADM 1.0 Tested

4Q 16 1Q 17 2Q 17 3Q 17 4Q 17
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Working group examples

HPLC-UV WG
ACD Labs Lilly
Agilent Merck
Amgen Pfizer
Biovia Shimadzu
Genentech Waters
GSK Zifo
Mass Spec WG
AB Sciex Merck
Agilent  Thermo Fisher
Bayer Waters
BMS

NMR WG
ACD Labs Bruker
Baxter GSK
Boehringer Merck & Co.
Ingelheim Mestrelab
BMS Pfizer
ADF WG
Amgen Agilent
Bayer Shimadzu
GSK Thermo Fisher
Merck Waters

Governance Team

Agilent Mettler Toledo
Amgen Pfizer
Bayer Riffyn
IDBS Thermo Fisher
Merck Waters

Certification & Support Req. WG

Agilent Merck
Baxter Mettler Toledo
BMS Persistent
IDBS Thermo Fisher
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SCIENTIFIC Glasgow WHAT'S POSSIBLE®  RnD SOLUTIONS M

BSSN Softwaree Cognizante Erasmus MC e Fraunhofer IPA e Halo-Digital ¢ The HDF Group LabAnswer
e LabWare ¢ Mettler Toledo ¢ Stanford University e University of Illlinois at Chicago ¢ University of

Southampton _ _ A
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Influence direction JOin AIIOtrOpe FOUﬂdalion!

of development
Receive support & training

Be part of an expanding

community of experts @
W/ | > 3 \

Align internal strategy with Ensure sustainability & adoptlon
the future of data ' - 4
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Thank you!

e 2017 “Allotrope Connect” Workshops

— June 21-22, 2017 @GSK, WARE, UK
— September 20-21, 2017 @Merck, New Jersey

More details and contact info: allotrope.org

Allotrope Foundation- Scientific data you can trust, at your fingertips.
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O




