ONTQT RANS

Thomas F. Hagelien (SINTEF)
Jesper Friis (SINTEF)

1st Open Workshop, 16.03.2022, ONLINE



I ONTOTRANS
Connecting things OTEAPI

Data flow from source to receiver

Syntactic Analysis
Semantic Mapping

Data Access Read or parse

specific formats. _\, N ( _./" | Associate data or
Accessing information , V—"J —~ apprILc:ct’;olr; fﬁ;ﬂﬂc
from data-services or - . A A tological ¢ Transformation
by downloading files >H : WJ | ontological concepts
- R, Q >« Data processing
' . A A and simulations

Databases )
Publish

Experiments
Run simulation

Parsed data | Converted data
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Pipeline OTEAP]

* Pipe and filter design pattern

o Standardise on interfaces

 Reusable "filters" that can be combined as needed (loosely coupled)
* Relies on (but is agnostic to) underlying interoperability framework

* Plugin-based (strategy design pattern)

Transformation
(simulation)

Ontology

Data

source
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Modelling workflows

Pipelines can be mixed and combined into workflows

Reusable interoperable components

4 1st Open Workshop, 15.03.2022, ONLINE



The bigger picture

I ONTOTRANS

Pipeline: data flow
Workflow: process flow
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I ONTOTRANS

Types of "filters" (strategies)

Download Parse
" " 1" o n .
downloadUrl mediaType Mapping Filter Function Transformation
"mappingType" "filterType" "functionType" "transformationType"
Resource
"accessUrl/accessService" Connecting to ontologies Data selection Synchronious Asynchronious
* Key for semantic transformation. transformation.
interoperability Ex data conversion Ex simulation

Connecting to data sources
e file-based / service-based
e follows the DCAT standard

* Dependson
underlying intop

system
Examples
Download/parse|  Resource ﬁ.vf Strategies are configured
JSON, YAML... >QL ~ ->declarative programming
e Excel, csv, ... e OPTIMADE .
e app-specific... .
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O Search or jump to... Pull requests Issues Marketplace Explore d B} b
* X % . : :
* * European Material Modelling Council . . : :
* EMMC * Repositories for collaboration on codes beteen EMMC-repated projects FaCIIItate reuse in Other prOJeCtS
** * ** & hitpsi/femmeeu W @EMMC_ASEL = contact@emme.eu P MIT ||Cense
() Overview [J] Repositories 7 0 Packages & People 14 Ay Teams 2 [ Projects 83 Settings
Pinned Customize your public pins . .
A set of repositories
H oteapi-core | Public i ] otelib ' Public i ] oteapi-services | Public i ® OteapI-COl’e
OTEAPI core components Python library for the OTEAPI REST OTEAPI REST services
* oteapi-services (REST API)
@rbyihon w2 Y2 @Cython Ty 1 @ Python
* otelib (Python API)
E] oteapi-asmod ' Public i [] oteapi-dlite | Public EH E] oteapi-plugin-template  :: ¢ Oteapl'plugln'template
OTEAPI plugins for atom-scale Standard Dlite plugins for OTEAPI Public ° .
modelling Template for custom plugins for Pluglns
OTERPI * oteapi-dlite
@ Python @ Python @ Python T 1 ° Oteapi'asm()d

https://github.com/EMMC-ASBL/
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oteapi-core

* A plugin system for loading the standard strategies, as well as
third party strategies

® Data models for configuring the strategies
® A Python library, through which the data can be accessed

* A set of standard strategies
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oteapi-servicesiRESIAR n—————— ONTOTRANS

Ve Facilitate creation of pipelines

o NTO/TRAN S Create Dataresource

POST

Request samples

\ / Register an external data resource.
e An external data resource can be any data distribution provider that provides services of obtaining information through queries, REST APIs or other
Q search... protocol, or directly downloadable artifacts (files) through data exchange procolols (such as sftp, https etc...)
Content typ
=D List Sessions If the resource URL is as direct link to a downloadable file, set the downloadURL property, otherwise set the accessURL the service and specify the appl

service name with the mediaType property.

E=A Create Session

EED Delete All Sessions "configuration": { }

— session_id string (Session Id) scription”:
ESB Get Session “downloadU

REQUEST BODY S application/json "mediaType": '

me ype" :

EIB Update Session "accessUrl": °

— configuration object (Configuration)

Default: {}

EE8 Delete Session ] ) ] ) ) ) ) ) )
Madel-specific configuration options which can either be given as key/value-pairs or set as attributes.

=3 Create Dataresource T, stiifg tDasa B "publisher”: s
Default: "Resource Strategy Data Configuration.\n\n Important:\n Either of the pairs of

&Z=B Info Dataresource attributes "downloadUrl / mediaType or\n "accessUrl / accessService MUST be
specified.\n\n "

EZD Read Dataresource A description of the configuration model. Response samples

downloadUrl string <uri> (Downloadurl) [ 1 .. 65536 ] characters 200

Definition: The URL of the downloadable file in a given format. E.g. CSV file or RDF file.

= Initialize Dataresource B

Content typ

2D Create Transformation

through a HTTPS GET request or SFTP.
EED Get Transformation

Status - mediaType string (Mediatype)
The media type of the distribution as defined by IANA [|ANA-MEDIA-TYPES]. {
=B Get Transformation "resource id": "string"
Usage: This property SHOULD be used when the media type of the distribution is defined in IANA [IANA- . i .
E=D Execute Transformation MEDIA-TYPES].
3 initiali : — accessUrl string <uri> (Accessurl) [ 1 .. 65536 ] characters
IntualizeTransformation A URL of the resource that gives access to a distribution of the dataset. E.g. landing page, feed, SPARQL
endpoint.

=D Create Filter
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OTELIDb

Python interface to OTEAPI for constructing executable pipelines

from otelib import OTEClient

# To set up a pipeline, you will first have to
# connect to a running OTE server using the OTEClient
client = OTEClient("http://localhost:8080")

User Access to data and simulation tools

# Define data resource
[ e OTELib J data resource = client.create_dataresource(
downloadUrl=""https://jpeg.org/images/jpegsystems-home. jpg",
mediaType=""image/jpeqg",

REST APl )
A= B ‘ : '“\ # Define mappings
' ' mapping = client.create_mapping(mappingType="mapping/demo’, ..
oll | orastap pping _mapping(mappingTyp pping )
Yo ot # Define transformation step
Docker > transformation = client.create_transformation(transformation_type="'script/dummy'")
repository
# Combine elements into a pipeline
pipeline = data_resource >> mapping >> transformation
K_Fﬁﬂr
# Execute pipeline
External pipeline.get()
services
(examples)

Function Simulator
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oteapi-plugin-template
Simplify creation of plugins
Contains pre-configured features for:

* pip installable package

® Unit tests and Pre-commit configuration

* Continuous integration/continuous deployment

®* Documentation via a MkDocs setup

12
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https://pip.pypa.io/
https://pre-commit.com/
https://www.mkdocs.org/

I ONTOTRANS
DLite

oteapi-dlite Oo

Plugin using DLite as underlying interoperability framework

Semantic interoperability

Common language

(ontology)

Sender Reciever
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message

13 1st Open Workshop, 15.03.2022, ONLINE



I ONTOTRANS

oteapi-asmod

Plugin for atomscale modelling

* Uses the Atomistic Simulation Environment (ASE) and DLite

In addition private plugins are developed for the OntoTrans use cases
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ONTOTRANS

Under the hood of a pipeline

Data is actually not transferred between strategies...

"A pipeline is a recipe for how data is handled"”
* A data documentation system
* No data is transferred before pipeline execution

* Allow e.g. for execution behind a firewall

OTE services

Full access to services
and data resources

Firewall

\

i

S omdimo
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Filter strategy

Data reduction (both upstream and downstream)

<«—— Upstream

Downstream ——

: Filter
DataResource Mappin

AN
ATy
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Return to DLIite...

Interoperability framework based on data models
An implementation of SOFT

Entity = data model

A data model that describes a self-

contained unit. What is an entity?
Something that exists by itself;

An entity has: . . :
Y Something that is separate from other things.

* aunique identity

e a human description
e some dimensions

* some properties

- Merriam-Webster
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Schema for data models

Entity

Identity (uri): Dimension <, '
. M Indentity |
A A A : :
Description: | lontains <O.N>  pag <715
. . refer-to ;
Label (name) Description
coﬁlains <1‘,‘!~l>
v
e D 5 (R -5 Dna
Label (name) Type Shape (dims) Unit Description ST hes <012
o has:<0;.1> ¥
Type o’ v - Unit
Label
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Data model

Entity

Identity (uri): http://onto-ns.com/meta/0.1/Person
Description: A person.
. Dmemss
Label (name) Description
N Number of skills.
Label (name) Type Shape (dims) Unit Description
name string Full name.
age float year Age or person.
skills string N List of named skills.
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http://onto-ns.com/meta/0.1/Person

I ONTOTRANS

Serialised as json

Data model ( |

“"uri™: “http://onto-ns.com/meta/0.1/Person’,
“description': "A person.',
“"dimensions': {
Entity "Nz "Number of skills."
¥
Identity (uri): http://onto-ns.com/meta/0.1/Person "properties”: {
< e “"name™: {
Description: A person. “type™: “string”,
. .. ¥
Label (name) Description rage™: {
. "type"™: "float",
N Number of skills. "unitts “year",
"description”: “Age of person.”
Label (name) Type Shape (dims)  Unit Description '}:,kills": {
. "type"™: "string',
name string Full name. mshapen: [N,
age float year Age or person. "description™: "List of skills."
ks
skills string N List of nameds }

}
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Data model Instance

Entity {
"'88ca461ft-8404-48d9-b4b9-2140c6b3bdff - {

Identity (uri): http://onto-ns.com/meta/0.1/Person "dimensions": {
"N": 4
Description: A person. },
"name': "Sherlock Homes",
Label (name) Description "age': 34.0,
. “skills™: [
N Number of skills. “observing",
. o "violin",
Label (name) Type Shape (dims)  Unit Description “boxing"
name string Full name. 3 1
age float year Age or person. 3
skills string N List of named skills.

21 1st Open Workshop, 15.03.2022, ONLINE
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Collection

Collection

Collection is an entity with

e references to instances Label Entity uib

e relations between them SherlockHomes http//.../Person  cad1d071-f3f8-44bf-b6f2-45b686dfd930
DrWatson http//.../Person  d70697fb-e6de-4c85-b3d3-a5316f328234
Crime http//.../Event 573adf17-02c3-4877-aafb-e7f1e12d239b
Moriarty http//.../Person  9f97a7bc-a8dd-449a-999d-464d868fd013

Can be used to build up arbitrary Subject Predicate Object

complex data structures SherlockHomes solves Crime
DrWatson helps SherlockHomes
Moriarty perform Crime
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Using DLite with OTEAPI

A collection shared between all strategies

» I I I

Collection

e jnstl
e jnst2

"Shared knowledge base for the pipeline”

e relations...

23

1st Open Workshop, 15.03.2022, ONLINE



I ONTOTRANS

Interoperability

Conversion between data models — semantic interoperability

The RDF standard is used to express mappings

. Transformation :
DataRe = M Mappin

Transformation

(convertion)

Entity 1
e propl —

* prop2 —

mapsTo

Ontology

mapsTo Entity 2

— ma psTo

*‘@

\
~e propA
mapsTo B

T

24

1st Open Workshop, 15.03.2022, ONLINE



I ONTOTRANS

Example

Ontology Datamodel

P Some data
_ emmo:Symbol ) Moleciie _ . .
R N, - Provided as an instance of

i ldentifier '}.(__"'IEF'STH [pusitiﬂns «- - 2. - nstanes Molecule

L symbols e
masses
. emmo:PhysicalQuantity | mapsio Transpafent
S gl CONversion
\ v mansTo Substance Wanted as an instance of
«--InstanceOf HEE Substance

_ GroundStateEnergy €——maps

id
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Entity-based conversions

Supported by DLite — for complex cases

Catalogue of
registered converters

Entity-based conversion

Entity C
A
Entity A € instlanc:eDf
Entity B €------
Input: A, B
Qutput: C
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The really cool stuff...

[ Ontological inference and mappings }

Oniological inference Oniological mapping

c3

“\\

A

-

™
| @2 r—mapsTo—

C1 f : Transformation

r",jsﬂﬂ

T —hasOutput exactly 1—

haslnput exactly 1

haslnput exactly 1

cz2

AT : ,..-JSA"A? " mapsTo
( a1 j—mapsTo—>»{ C1 c4 & mapsTo b1
‘-\'x\___,_.-/ ; :
- _--\"'\" - -
| @2 (—mapsTo» C2 % mapsTo b2
K\'x___.e i
| Ontologically inferred transformations |

C3 -€ma psTu

“\\

ONTOTRANS

Legend }—\

Source datamodel property

O Target datamodel property

Ontological concept

X
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f;\Eéf;":mn:CelciusTemperatuféi_‘_j

Real life example
AH P

-:f;:§lnlﬁaiTemperaturé_:} -.'_':_'FinalTemperaturé_} fno:Parameter fno:Function :': fno:Qutput -._’.f':TemperatureRampt_;

. emmo:Time

fnoexpects
@ = 0 no:returns
fno.expects
P “hasPythonExpr
mapsTo @ ]
I fno.expects H2=T1}E
—(  :duration < 0

% & _'_'(':unngstep#cu ring_temp_ran;rﬁ_
mapsTo sl e = s w

‘PythonExpr

?éﬁﬁngdata#duraﬁ;}.m i mapsTo 4 'ﬁuﬂngstep#duratioﬁ"' '_ —[} dm:Property

maps o

L _.dm: Property . 3 cun ngdata#injtiaI_temperatuf_fé__f_l‘-

e . The Function Ontology: https://fno.io/spec/#dfn-parameter
__curingdata#final_temperature 8y ps:// [spec/ p
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Summary: OTEAPI is framework for connecting things

Data flow from source to reciever

Syntactic Analysis
Semantic Mapping

Data Access Read or parse

specific formats. Oy - | Associate data or
Accessing information , V—"J — apprILc:ct’;olr; fﬁ;ﬂﬁc
from data-services or - by A tological ¢ Transformation
by downloading files >H _ WJ | ontological concepts
_ ) Q P« Data processing
' R A A and simulations

Databases

Experiments
Run simulation

Parsed data | Converted data
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