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RDF Primer

e The RDF - Resource Description @
Framework is a framework for ‘
expressing knowledge
about resources.

e Resources can be anything:
devices, people, physical objects,
and abstract concepts

e We can visualize knowledge as a e Vb 0 La Joconde & Washington
connected graph, consisting of
nodes and arcs
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RDF Primer

e RDF statement expresses a @
relationship between two resources

e A statement always has the following
structure called triples:
<subject> <predicate> <object>

e The subject and the object represent
the two resources being related;
the predicate represents the nature of
their relationship.

e The relationship is phrased in a
directional way from subject to object

* Copyright © 2015 W3C® (MIT, ERCIM, Keio, Beihang). This software or document includes material copied from or derived from https:/www.w3.org/TR/rdf11-primer/ HDF Users Group Meeting - October 15 2020@
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RDF Primer

e This ability to have the same @
resource be in the object position of
one triple and the subject position of
another triple makes it possible to
find connections between triples,
which makes RDF very powerful

Leonardo Da Vinci

————————

The Mona Lisa

<subject>

<Bob> <is a> <person>.
<Bob> <is a friend of> <Alice>. rieson
<Bob> <is born on> <14th of July 1990>.

<Bob> <is interested in> <the Mona Lisa>.

<the Mona Lisa> <was created by> <Leonardo da Vinci>.
<the video 'La Joconde a Washington'> <is about> <the Mona Lisa>
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RDF Primer

Leonardo Da Vinci

i http://dbpedia.org/resource/
Alice Leonardo_da_Vinci

http:/fexample.org/alicetime

@

e IRI - International Resource ldentifier
are used to identify resources uniquely

e Objects can be literals that are basic
values and not IRIs

e [RIs are typically used in combination
with RDF vocabularies that provide
semantic context about these resources

The Mona Lisa
http://www.wikidata.org/entity/Q12418

\b.

__________________
——————

“Mona Lisa”

La Joconde a Washington

SUCh aS (:fE”end Of a Frlen—d—lr:(FOAF)?o-gfe'!:rggn "1990-07-04""xsd:date gg:’égsaﬁﬂ17025F17A8;§T;(;5F9AA4DS?9
vocabulary for descwbing sacial ____.-____ Namespace to
o ~<Impi//Xmins.com/foatfotPerson  Prefix mapping  foaf:Person
networks *%-ﬁﬂb’ﬂ_xmlns.com/fgé'ille‘knows {@mmmms) foaf:knows
<fip://xmins.com/foalfQ-t#opic_interest

foaf:topi erest
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http://www.foaf-project.org/

r’feonardo Da VinciN\\

Al | ce O htlp://dbpedia,org{resource/ ’\
- . - http://example.org/alice#ime ~ Le:nardo da_Vinci —’,
e RDF graph can be serialized using @ @
Turtle (Terse RDF Triple Language) syntax
@BASE <http://fexample.org/>
@PREFIX foaf: <http://xmIns.com/foaf/0.1/>
@PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
@PREFIX schema: <http://schema.org/> foaf:topic_interest
> “Mona Lisa”

N

@PREFIX dcterms: <http://purl.org/dc/terms/>
@PREFIX wd: <http://www.wikidata.org/entity/>

#”" The Mona Lisa

S \Nttp/www.wikidata .org/entity/Q12418
~ -

<bob#me>
a foaf:Person ;
foaf:knows <alicefme> ;
schema:birthDate "1990-07-04""xsd:date ;
foaf:topic_interest wd:Q12418 .

La Joconde a Washington

http://data.europeana.eu/item/04802/243FA
Person "1990-07-04""rxsd:date 8618938F4117025F17A8B813C5F9AA4D619
foaf:Person

<http://data.europeana.eu/item/04802/243FA8618938F4117025F17A8B813C5F9AA4D619>
dcterms:subject wd:Q12418 .
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RDF Primer

Alice http://dbpedia.org/resource/
X Leonardo_da_Vinci
http://example.org/aliceime

e Use SPARQL (Protocol and RDF
Query Language) to query RDF @
graph e.g. ‘people interested in
the Mona Lisa”

e Query for multiple triple patterns

“Mona Lisa”

The Mona Lisa
http://www.wikidata.org/entity/Q12418

PREFIX foaf <htt|o //xmlns com/foaf/O 1/>
PREFIX wd: <http://www.wikidata.org/entity>

La Joconde a Washington

S E L E CT ? name ,flpfepr so;}(, "1990-07-04""xsd:date 8618038F411 7025F17A8;§T5€5F9AA4D6?9
: oaf:Pers;
/ ’
WHERE { i
\-”

?name rdf: type foaf: Person.
?name foaf: topic_interest wd:Q12418.
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Generic ADF File

e ADF (Allotrope Data Format) File

contains several components: 4 Data Description
o Data Description ;
= e
o Data Cubes SIESIE
o Data Package
o Graph Store Dete Culies
o Audit Trail (Audit/compliance features) -
O

Checksums (Audit/compliance features)
e ADF File uses HDF5 as the =  DaaPackage

underlying file format to store
scientific data in a performant, . Audit Check

. _ KTraiI =Jsums
consistent, and self-describing way
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Generic ADF File

e Graph Store
o Stores user defined graphs
o Stores itin a form of RDF graph
o Based on Apache Jena

e RDF Graph

Leonardo Da Vinci

Porson Tuly-1990 La Joconde a Washington
* Copyright © 2015 W3C® (MIT, ERCIM, Keio, Beihang). This software or document includes material copied from or derived from https://www.w3.org/TR/rdf11-primer/
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Generic ADF File

e Graph Store

o Stores user defined graphs
o Stores itin a form of RDF graph
o Based on Apache Jena

e Data Description may contain

O  Contextual metadata about the Data Cube content

O  Contextual metadata about the Data Package content - Data Cubes

O  Specifically for a Lab environment:

Results description

Sample description

Process description

Method description

Instrument description

Etc. b

® The Data Description utilizes semantic web
technology for a rich metadata and contextual

information vs. HDF5 attributes

Data Package
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Generic ADF File

e Data Cubes
o  Contains multi-dimensional arrays of data 4 Data Description s?@

o Specifically for a Lab environment it may
contain measurements, results of an
experiment or process data

o Data Cube context (metadata) is described LLL Data Cubes

in the Data Description

ic A o
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Generic ADF File

e Data Package

©

o General purpose virtual file storage system

o Can (optional) archive the same data in
the Data Cubes but in its original native

format and/or any other data

o Data Package context (metadata) is
described in the Data Description

o Ensure data consistency and integrity of

files during storage

2020 Allotrope Foundation

and transfer.

4 Data Description s@
"

" W

Data Cubes

Lk

I

[% Data Package
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Generic ADF File

e ADF API Architecture

4 Data Descriptio

Graph Store

Lk Data Cubes
E: Data Package

nj'}*“m

Data Description API
(Apache Jena)
Data Package API Data Cube API
Quad Store API

Ontologies

Platform independent file format
(HDF 5)

HDF Users Group Meeting - October 15 2020“”
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Generic ADF File

ADF internal structure utilizes HDF5
structure: 4 Data Descriptiorﬁ?!\‘?:’m

. en
e Each of the three ADF layers is a top- Graph Store j
level group in the HDF5 file

o Data Description
o Data Cubes n Data Cubes
o Data Description

e Auxiliary features are also stored as a T Data Package

top-level group in the HDFS5 file

o Named Graphs — —
o Audit Trail o, AUdl ec

KTraiI fmJsums
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Generic ADF File

ADF Explorer vs HDF Viewer:

@) ADFexplorer

FE G0
==

Open  New View Settings About

File | Tabs | Views Tools | Help

Tree View R x b
2@

» [y Data Cubes
| » %Data Package

Console

rea
& &

| File

T

11:31:16.874: Info: The file C:\Users\ \ADRADF V{
11:32:39.198: Info: The Data Description content of the
11:32:39.211: Info: The Data Package content of the fil
11:32:39.299: Info: The Data Cube content of the file §

HF HDFView 3.1.0

Window Tools Help

2 €@E

a

Data Description
P I =

| Recent Filesl | helloworld.adf

Graph Store

i tl data- cubes \
» @ data-description
» @ data packag

Data Cubes

Lk

E: Data Package

Console

Version 1.1.5.2, Running 64 bit

©2020 Allotrope Foundation

HDFView root - CA\Users\,

| |User property file - CiUsers\

\AppDatailLocahhb

' hdfview3.1.0
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Generic ADF File

ADF structure — Data Package:
e ADF usesa top-leyel data package Data Descrlptlorhfena
group to hold the file system layer Graph Store j
e Underneath, folders are represented
as HDF Groups and files as HDF

datasets

e Key metadata about individual files
and folders are stored in the Data
Description automatically by the
ADF API

Data Cubes

Data Package
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Generic ADF File

ADF structure — Data Package:

ﬁ ADFexplorer HF HDFView 3.1.0

= EE a0

| File Window Tools Help

=0 €d®

Open  New | View  Settings  About

-

‘Recent Files | helloworld adf

File | Tabs | Views | Tools Help - & helloworld adf

il , B3 data-cubes
» @ data-description

Tree View
=S+ m Il s@d

Search @ data-package
A | | @t |
» [= Data Description L
b (= Data Cubes

&
S
(%]
g

©2020 Allotrope Foundation

4 Data Description Sl@
1
Graph Store I,l'

[

\
\
\
\
\

Data Cubes ,"

Lk
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Generic ADF File

ADF structure — Data Cubes:
e RDF Data Cubes consist of measures,

dimensions, and scales
o Measures are the observed values for a
given dataset, e.g. intensity or m/z
o Dimensions are the controlled variables e.g. Ll Data Cubes
time or wavelength

o Scales are the values of the dimensions,
which may be linear, nonlinear, or entirely E: Data Package
arbitrary
e All three are referenced in the Data
Description such that metadata can be

linked to them
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Generic ADF File

ADF structure — Data Cubes:

@3 ADFexplorer
=5 s e e
Open | MNew View  Settings | About

File | Tabs | Views | Tools Help
Tree View X

=+ (@

HF HDFView 3.1.0
| File Window Tools Help

20 €dE

‘Recent Files | helloworld adf

BIRNY ) -] hellowerld-adf_
/y’ﬁ data-cubes \‘\\
7 @ example allotropeorg-FluentLCDataCube

/

| Search |

» example.aIIoTrope.d‘rg—Fluen’rU\/Da’raCub

~
b & Data Descnptlon

4 E‘[,}aﬁ/Cubes I

Iy AN
¥ [ FluentUvDataCube

/ 4 [3 uvDataCube \

4 [ Measures \

I3 AFX_0000361

4 [ Dimensions i

B8 AFX_0000111

i BE AP 0000026
\\ /
¢ [ FluentLCDataCube
N
» {4 LCDataCube e

l » @ example allotrope .org=

~ & example.aIIo‘rrope.gfg—U\/Da‘raC
. v @ measures !
8 03dofes1h

-4394-b900-0d93249chb¢

\
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a

Data Description Sm

/ \

= \
| Graph Store :] \

Data Cubes

E: Data Package
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Generic ADF File

ADF structure — Data Cubes:
4 Data Description sm

\
\

4
Graph Store :] N\

G ADFexplorer

B3 &0

Open  New  View Settings About

File | Tabs | Views Tools | Help

Tree View »x

[SRERC Measure Graph [C:A\Users\  \ADF\ADF V1.5.1 RFVADF V1.5.1 -

T

Title:  AFX_0000361

» [ Data Description
" Cube: UVDataCube
4 [ Data Gubes e
» A FluentUvDataCube ™
/4 @ wataCube \

Data Cubes

E: Data Package

“-\ 88 ARX0000111 /
A sgax 0000026/

\. )
@ uenicoacube

+ (@ (catacuse—"

» 2 Data Package

HDF Users Group Meeting - October 15, 2020
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Generic ADF File

ADF structure — Data Description:

. )
e HDF5 does not yet have native graph 4 Data Descnpﬂorﬁfena
storage Graph Store j
e ADF emulates this through a \ — / /
combination of: e ]
- L |2a eam
o Adictionary _|[Recent Fies| [ helloworidaof
' ' i ' ~ @ heloworid aot |
o A |ISt.0f guads (actually quints, including a “wwmee (G Graph
deletion flag) = 8 dctonary S — Subject
o Multiple index listings for fast search go: | P — Predicate
~iﬁdn:xde§osp O - ObjeCt
~ i? dneox_e(;S POS
B nodes
~ @ index_GSPO
R nodes
i quads
» @ data-package
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Generic ADF File

ADF structure — Data Description:

Data Descripti P =
4 ata Descrip IOReFICI

s | Graph Store
e - [0 iy Tosy | MametSee Detmit Lﬁ,ra-,v,@-;,
- | e = ——
- Lk Data Cubes
: i — | ===\
=
= . — A E: Data Package
it e - e
® " ®
@06 ee®
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AFO: Allotrope Taxonomies and Ontologies

e To address the laboratory analytical processes:

o The AFT - Allotrope Foundation Taxonomy formalizes the hierarchical relationships of terms

o The AFO - Allotrope Foundation Ontology is an ontology suite that provides a standard
vocabulary and semantic model representation

idertifier] urk s =1 e
wsn_nunw}?] [APE_000Z717)

contains =1
GAFH_OOLD45]

aml

©2020 Allotrope Foundation

has member
tm_um:s:l

T

urt s =1
[AFE_D00ZTL7)

[igentifier]
(AFR_O000517)

has ingredient =0
———  (APX_00D036E)

wmnnnz:

B ~. \ Mobile phase
-"?a;"x’_';;:ea";azflﬂ \\\\\
H--H““m_ \

qualty =1 -

rko ‘0bee) —_—
T [Velume concentral
- e b l ar-cfggno i
____d__ﬂ—'--'

™,
., hes roke ==l /
O
220 -
ey 7
_— T
. —

-
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AFO: Terminology

e Entities within the vocabulary are uniquely

Identified with standard IRIs

device identifier

(http://purl.allotrope.org/ontologies/result#AFR_0002018)

synonyms: instrument id, machine id, device id, equipment id, equipment identifier, instrument identifier, machine identifier

A device identifier is an identifier that identifies some device. [Allotrope]

equipment serial number

[httpy//purl.allotrope.org/ontologies/result#AFR_0001119)
synonyms: instrument serial number, device serial number, instrument id, machine id, machine serial number

Equipment serial number is measurement metadata that identifies an equipment used in the measuring by its serial number. [Allotrope]

balance identifier

(http://purl.allotrope.org/ontologies/result#AFR_0001986)
synonyms: balance id

A balance identifier is a device identifier that identifies some balance. [Allotrope]

©2020 Allotrope Foundation

O O
O
© ®

af-r AFR_0002018
device identifier

O O O
af-r/AFR_0001119 O O O

equipment serial number

O e © ©

af-rr AFR_0001986
balance identifier

O O
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AFO: Terminology, Taxonomy

e Taxonomy is a hierarchical classification &
(organization) of terms that describes a domain

Class hierarchy: equipment serial number

Bis || B
T ‘ .
¥ @0 continuant

¥-- & general role

> general agent role

> © inputrole SubClassOf
»- & output role

¥-- (0 generically dependent continuant

w0 information content entity

b contextual role
¥ @ facet
- @ account

&) analysis assay result facet SUbCIaSSOf

) baseline facet
@ birthday
@ blood gas analysis result datum

@ calibration facet af_rAFR_OOOZQJ_S ,,,,,,,,,,

@ caption

»

»

»

B @ cell counter result datum device |dent|fl€r :
@ class coordination
p-- ( classification datum ; g
P \
’

SubClassOf

- @ communication facet /
- (0 figure facet
- @ fingerprinting result facet Su bC'aSSOf

o 4

af-rrAFR_0001119 af-r:AFR_0001986
equipment serial number balance identifier

@ gender

@ identifier

@ analyst

@ analytical method identifier
@ assay data identifier

@ assay identifier

@ asset management identifier
L ] batch identifier. .

£ centrally registered identifier—._
device identifier
balance identifier

equipment number i

A §
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AFO: Terminology, Taxonomy and Ontology

e An ontology is a logic model that captures

a domain in a machine understandable b leeor
way including entities, relations and logic A '
that controls relations. /
SubClassOf ro:RO_0001025

B [gcated in — RO:0001025 — http://purl obolibrary org/obo/RO_0001025 ' ‘ ‘ ‘
B has part — BFO:0000051 — http://purl_obolibrary_org/obo/BFO_0000051 SubClassOf bfo BFO Q000051
e Ontologies provide an unconstrained ®© © @ ©

vocabulary we can use to describe  subciassot

things (instances) in our open world and () e e

give them a meaning (= what it is)

©2020 Allotrope Foundation HDF Users Group Meeting - October 15, 2020 “”




7

(http://purl.aIIotrope.orq/ontoquies/propertv#AFs( 0002731)

l,

B in process — http:f.-’purl.allntrnpe_g;ag?nnt|:|Iugiesfprnperty#AFK_UUUETB1

)”
& = C (® Notsecure | purI.a\Iutrupe.org,/cnlolloﬁes,“property‘#AFX,OOOZ?M
Q
in process !

4
4

f-x:AFX_0002731,

/
/
(http://purl allotrope org."nmolcg@pmper@ﬁé,EX 0002731)
7

synonyms: has contextual role in process K

The relation between a conceptual role and the process where the contextual role is realized. [Allotrope]

e Application can issue a query to

©2020 Allotrope Foundation

HDF Users Group Meeting - October 15, 2020"”


http://purl.allotrope.org/ontologies/property#AFX_0002731

ADM: Interoperable ADF.File

o A “Model” represents one or more ﬁ
13 ” \
Use Case(s)

e The “Model” uses RDF graph to
describe the “Use Case(s)”

ADF file

Bl

e

LL1] A
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ADIVI Interoperable ADF.File

An Allotrope standardized “Model” for ﬁ
the pharmaceutical laboratory E -
analytical processes is called ADM —

Allotrope Data Model

ADF file

=5

©2020 Allotrope Foundation
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ADM: Interoperable ADF File

e Heterogenous vendor systems can r, B
seamlessly exchange ADF files (read and s 3
. . Vendor B

write) and process its Data that adheres VendorA - o
to an associated standardized ADM NP s R
ADF file
LBl e
at.
ik‘ 3 7
:'4 <4 L0
Vendor C
Vendor D

HDF Users Group Meeting - October 15, 2020 “"
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ADM: Shape File

e Contains a set of conditions

e Uses SHACL syntax:
Shapes Constraint Language

e Example of a

af-s:AFS_0000611
rdf:type sh:PropertyShape ;

sh:datatype xsd:string ;
sh:maxCount 1 ;
sh:minCount 1 ;

@ purlaliotrope.org/ontologies/pre X +

& > C (@ Notsecure | purlallotrope.org/ontologies/property#AFX_0000690

has value
(http://purl.allotrope.org/ontologies/property#AFX_0000690)

SYyNnonyms: value Vocabulary

The literal piece of information as part of some information entity object. [Allotrope]

sh:path <http://purl.allotrope.org/ontologies/property#AFX 0000690>
sh:message "Equipment serial number MUST have exactly one value of type xsd:string." ;

l

ingle condition (single shape) on the Equigment serial number:

Serial Number

500

e Evaluate conformance of the ADM Data instance with the set of condltlons N

associated Shapes (SHACL)

©2020 Allotrope Foundation
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Interoperable ADF

Fi

Conductivity Measurement ADF (.adf)

- 0 x
7 | @ sorexpiorer
— | [ = S5R
= IH &% @
Open | New Settings | About
File Tabs  Views Tools Help
v x
5@ tash\D uctivity.adf] x || Data Description Graph [C:\Users\ptash\Downloads\conductivityadf] x
& bport To €SV || Named Set: Defauit

A conductivity

4 [& Data Description
Predicate

=IDefault

ADF file Subject

bject
Drag & column header here to group by that column

Predicate Object

b914-..,
b

bO14-
urnuuid:ae7 1d35a-d5f5-4551-9161-c.
urnuvidiae? 1d35a-d5f5-4551-9161-c.

=

Data Description

hitpy//www.w3.0rg/1999
hitpy//qudt.orgfschemal

Graph Store urniuuid:ae? 1d35a-d5f5-4551-0161-c... | httpy//qudt.org/schema/
i 49 1-4.. htipy /1909
urnuuid:addf9709-7265-4920-0281-4...  http://purlallotrope.org/
d:ad0701F2-886d-43c2-94a7-7... | httpy/ 1999
d:2d070172-886d-43¢2-04a7-7... | httpy/
iciad070172-886d-43¢2-04a7-7... httpi//q hema/
b23¢-4166-b65a-3. P 11589
urnuid:afSf43b3-b23c-4166-b65a-3. //puriallotrope.arg/
1-4337-bd0c 1999

urnuuid:A50d3929-3081-4337-bd0c-...
urnuuid:33700e1d-00b6-4fb6-a6¢8-9.

urmuvid:4 13 befdd-c7e2-42dd-9e05-0,

urniuuid:7de65¢66-0759-4694-905F-c...
urniuuid:7 de65¢66-0759-4694-905f-c...
conductivity

temperature

measurement time

batch id

measurement id

Count: 30

Console

urnuuid:33700e1d-00b6-4fb6-a6c8-9...

urnauuid:A13befdd-cTe3-dedd-0e0b-0...

purlallotrope.org/
hitpy//www.w3.0rg1999

hitpi//purlallotrope.org/

hitpy//wwww3.0rg/2002
hitpy//www.w3.0rg1999
hittpi//purl

/ /cor.
/freerwavi3.0rg/2004/02/skos/cor... | batch id

id

Nodes [] Edges

T

®

Nodes: 19 Edges: 10

©2020 Allotrope Foundation
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ADF file

Thanks for your attention!

Allotrope Foundation Product Team

Amnon Ptashek amnon.ptashek@allotrope.org
Allotrope Foundation www.allotrope.org
email: more.info@allotrope.org
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