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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

 Manual data handling that challenges data
integrity

e Legacy architectures are brittle & rigid

e Knowledge & context resides in people’s heads

méssépédtrbébépy  HPLC-MS

e Silos of data, context and meaning

From Eric Little, OSTHUS

NMR » cell counter
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Too much paper + manual tasks =
delayed medicine to patients & erosion of public confidence in data integrity
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Sluggish data sharing hampers reproducibility effort SCHENCE

Initiative trying to validate 50 cancer papers finds difficulty in accessing original study data. w E
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Better Scientific Reproducibility

Increase Data Integrity, Context,

Reduce Manual Effort & Paper Quality

Streamlined Access, Consolidate Requirements
S_hgrmg, Integration Lower Innovation Barrier
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| i . — 7Y : K

Foundation for
Data Science
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Increased Data .
Better Scientific Integrity, Context, Consolidated

e Streamlined Access - Requi t
Reproducibilit " > implifi Quality . equirements
RE#ucegl\ganual P Y Sharing, Integration simplified IT Foundation for Lower Innovation Barrier
ort aper Data Science

Standardized Data
& Metadata

How do we deliver this?
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The Allotrope Framework

A standardised semantic
model for data & metadata.

Released Dec 2017 Released July 2017
.\ ( Y )
Ontologies Allotrope Data Format| AP

Data Description
Semantic Model

H Data Cubes
D Universal Data

ata Models Container

[>0]
.m

Data Package
Virtual file system

Dec 2018

fl

 \——

———
Released Dec 2018 A high-performance An APl to allow
A set of constraints on the binary data format. consistent creation &
semantic model using data Instrument, vendor,  reading of ADF files.
shapes. platform agnostic.
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Allotrop

e Data Format Example

Data Description

Data Cubes

& Results

Chromatogram: 2D Chromatogram: 3D

Data Package

=

Descriptive metadata about

* Method, instrument, sample,
process, result, etc.

» Data Cube, Data Package
contents

* Provenance, audit trail, data
models

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.

Platform Independent File Format ,
ariorm ‘ndependent Tiie rorma ©2018 Allotrope Foundati
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Allotrope Data Format - Development in 2018

* Version 1.4.3 RC released for testing
e Audit Trail for Data Package

— Rename file

— Replace file
e Upgrade files from older version (1.3.1+)
e 5 Bug fixes
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Example: ChemStation Metadata Content

“has sample input" HPLC-run “result”
<gf-p:AFP_0000748>

|

- Technique: HPLC Chromatograms
| = ldentifier; <DAD1A>
- Sample name | Eectad by Leee - Created DateTime: <2015-09-18T23:02:442>
- 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...> + Unit
Acq: Name, Last Modified DateTime — Peak Area Value: <31.36..> + Unit
HPLC Instrument DA: Name, Last Modified DateTime — Peak Area Percent: <0.40...> + Unit
<af-e:AFE 0000224> - Peak Height Value: €21.22..> + Unit
i - Acqg 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 parometersinto the <af-p> - Pmkﬂ?p1<112,.;1 Umt‘
: - “process” section using ATF ~ Peak Width: <0.02..> + Unit

Device Module core details — Baseline value at Start of Peak: <-1.10...> + Unit

me — Baseline value at End of Peak: <-1.10..> +Unit

BinPump 613128 DE12345678 ADB.5D “'.,'

Sampler G1367C DE23456789 ADE.50 \ Links to data

ColumnComp G13168 DE34S67890 ADB.S0 \ in ADF data cube

DAD G1315C DE4S678901 ADE.SD %

HPLC Column details: pri—— B
Column Identifier: <1> e ; =
Column Description: <SB-C18> o - B &
Column SetialMo: <USWEXD1247> :[=
Column BatchNumber: <P123452 : :
Column Length: <50> i
Calumn Length Unit: <Millimeters I 3 :
Column Particle Size: <1.8> = |
Column Particle Size Unit: <Micrometer>
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Ontologies

©2018 Allotrope Foundation

AFO Suite

| contains
|
Allotrope Allotrope =
Foundation Foundation Allog:::l:loni::\aln i
Taxonomy Ontology E

References to
External Ontologies
(Curated)

Terminology

. . chromatography
. column chromatography
. liquid chromatography
. chromatogram
peak

spectrum
ultraviolet spectrum

Taxonomv \ 2 = occurrent = TemporalEntity = AFC_0000079
V- & process = AFP_0001617
¥-- & 'planned process'

T = 'material processing’ = AFP_0003275
v-- @ 'separation method'

¥ @ chromatography

v & 'column chromatography'
v & 'liguid chromatography’
¥ @ 'liquid--solid chromatography’

“ 0 "high-performance liquid chromatography'

Ontology

has participant

in process—w{ adjusted retention time calculation Je—in process

l data output l
m is about—| calculated time value jH—has role.

-
has role

[(high-performance liquid chromatography )

h.
as part data input in process

has role

has part

in process

Model courtesy of Helge Krieg, OSTHUS

CESS

has participant has part: unretained peak [- I

has rola

data output

in process — adjusted retention time calculation )

data input

has part in process
has role in pre
data output
is about—{ calculated time value —has role

ICESS




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 a given purpose in a standardized
(reproducible, predictable, verifiable) way

— Shapes Constraint Language (SHACL, expressed as RDF) is a WC3 standard to do this, used for Allotrope ‘Data
Models’

af-x:has value xsd:integer

af-x:has value

af-ripeak width - ’ | [ 2 . . . _ -
af-r:scalar quantity datum af-x:has quantity valu qudt:quantity value '—qudt.numerlcVaIu xsd:double

n\ af-r:peak height

af-riscalar quantity datum [af-x:has quantity Va'”e—b[ qudt:quantity value }——qudt:numericvalue xsd:double

af-r:peak index

af-r:peak name

|

T qudtunit

|

qudt:unit unit:Percen

af-r:peak area - : A : . ! . 3
af-r:scalar quantity datum —af-x:has quantity Va"—'\?—’l qudt:quantity value udt:numericValu xsd:double

qudt:unit unit:Percen

1l

af-r:peak position s ) 7 3 . i _ :
af-r:scalar quantity datum af-x:has quantity value—pl qudt:quantity value udt:numericValue xsd:double

qudt:unit

©2018 Allotrope Foundation
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The Allotrope Data Models - Development in 2018

Design Pattern Catalog

A set of reusable “lego blocks” that
standardizes the modelling approach

= The Modelling Framework
https://allotrope.gitlab.io/adm-patterns

Data Models

A ever-growing list of data models for
various techniques:

LC, GC, DSC, MS, BALANCE, ...

= Applications of the Modelling Framework

©2018 Allotrope Foundation

A standardised semantic
model for data & metadata.

Released Dec 2017

Ontologies
[

St

Data Models

[>0]
g
.[1..21 ®

Released Dec 2018

A set of constraints on the
semantic model using data

shapes.

Released July 2017

- Y
Allotrope Data Format

Data Description
Semantic Model

Data Cubes

Universal Data
Container

Data Package

Virtual file system

API

. J

\ J/

A high-performance

An API to allow

binary data format. consistent creation &
Instrument, vendor,  reading of ADF files.

platform agnostic.

s




Design Pattern Catalog

AIIOtrop'e ?:mor&w ber, OSTHUS GmbH
FOUﬂdBtIOﬂ He?gn;a:rie; g;‘:THUS Gmb: O ST H U S

Semantic pattern of audit trail

Semantic pattern of audit trail is a set of reusable structures for description of audit trail of processes answering core questions of who?, what?, when?, where?, why?. It is an extension of semantic patiern
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of datum.
ro:has participant,
process |—— (RO_EGGGUS?F)) == who? l
af-x:has input / has output
\ (AFX 0000392)/(AFX ooooaelg) "r‘{ what? I
ro:starts with
(RO_0002224) when?
af-x:describes ro:has participant, . ro:located in
(AFX_0002699) (RO_EDOOOS?I)] device (RO_0001025) where?
]
. . af-x:has value,
[Informatlon (AFX_0000690) > Why? |

v Pattern Name and Classification

Name: Semantic pattern of audit trail

Classification: Semantic Pattern

v Also Known As

* S5W pattern

[ R A TR T P



Known Uses

« follows a defined specification. — how?

af—p:high-performar!\‘gigﬂyld chromatography'_af-x:has Spaciﬁcatiun_..laf-l":p|a!'.l'5ggcniﬂcation F_ar-:ffiﬂigt_fes [af-r:identifier] af'[’iéﬁﬁﬁu!‘ﬁ.’“e—ﬂ "CDS acquisition method UV-2345"| How?

(AFH_D00Z505) (AFR_0000817)

-rl:objecti af-x:has contextual role, -r: ipti af-x:has value, 0 AR o
[af-ri:objective role] ihas contextual role [RTRIARECHDLONI|—af-chas val stability study Why?

[af-rl:experiment . T - ; _xidenti e i -
sample role] h?gﬂhiiLQ}HChmo'Powm materlall,_af x:identfies_{[af: r(;ﬂﬂewr;ﬁ!ﬁer] af-x:has value, "5-001-03-018" What?

(AFRL_0000171)

e f-x:in process
af-x:has material input (. al:’:a’m:_\
(AFX_0000595)

bfo:realized in
(BFO_0bangs+

af-x:has material input
(AFX_bguasas}

[af-rl:submitter]
(AFRL_0000441)

bfo:realized in i
- o0 ro:has participant
(BFO_0000Q54) (RO_DO0ODS7)

ro:has role
[af-rl:analyst role] (Ro_0000087)
(AFRL_O0OUOUS)
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(%M 0001083}

ro:has participant

f-x:idntif -riidenti Fexinas val ['SuB4s1]
gty 0000 e b "SUBA481" Who?

ro:has role
(RO_Da0a0S7}
bfo:has part
(BFO_DODODSL) f-x: identifi - i f-x: h I "
ot xdenttes TP TIdENARerT]—oar-has obe—»[TANADIZ]  Who?

af-e:high-performatnﬂtzsqnlqiiﬂuid chromatugraphFiaf—:;ﬁoeggges [af—rﬂirisﬁrgﬂﬁer] af-xihas value, "HPLC-04" What?

ro:located in

Ef',’:;;j;gt},?ES [af-r:identifier]| af-x:has value__y["site-1/building-B10/laboratory-E14"]  Where?
af-p:injection| ro:starts with af-p:start af-x:describes_J[af-ritime datum]{ af-x:nas value__o[73018-09-26115:29:54.0072 ~ ~xsd:dateTimeStamp]| When?

af-p:detecting| f-x:has datz autput af-richromatogram af x: denties{[af-riidentifier]af-x:has valve—["e3C388123-d001-dr3-b545-37260e8d1a82"]  What?
v Related Patterns



The Allotrope Ecosystem

Data Viewers

Data Validators

Public Repositories?
e.g. http://obi-ontology.org

Data Model Editors

Allotrope Repository QC Tools

https://allotrope.jfrog.io

Allotrope Documentation Server
https://docs.allotrope.org

Collaboration Infrastructure

18 Data Models in Progress

Pistoia
Method DB &
Ontology Mapping

Automated QC for Ontologies

Automation Infrastructure

©2018 Allotrope Foundation (ﬁ



https://allotrope.jfrog.io/
http://obi-ontology.org/
https://docs.allotrope.org/

Community

Framework Enabled
Software

Standards

Software Toolkit

©2018 Allotrope Foundation




The Allotrope Community
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