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Goal

Challenges:

» Data management, a crucial issue in HEP

=  Small experimental facilities, no strong IT
support

= Knowledge sharing among communities
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Solutions:
v" Web Application for data management
v Automatic generation

v" Based on Ontologies and

Knowledge Graphs
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Outline

» Ontologies, Knowledge Bases and Knowledge Graphs
» State of the Art and Methodology

» The Use Case of the IEDM Domain Ontology

» Generated Web Application

» Comparison with the IRRAD Data Manager (IDM)
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Ontology: Origin
Deriving from ancient Greek:

Ontology = On (ov) + logos (Adyog)
In_ philosophy:

subject of existence, science of being,
"what exists" in the world

Aristotle

In computer science:
formal description and classification of "what exists”,
what can be represented as knowledge
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Ontology: Problem

Computers don’t understand semantic meaning

E.g., I lost my mouse...
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Ontology: Structure

= Class: a set of entities of a specific domain

Sensor

Observable
Property

Excerpt from SOSA (Sensors, Observations, Samples and Actuators) ontology
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Ontology: Structure

= Class: a set of entities of a specific domain

» Relation: a semantic link among classes, also called object property

ey SCNSOr ==

madeBySensor observes
madeObservation isObservedBy
v
: Observable
Observation
Property

—observedProperty

Excerpt from SOSA (Sensors, Observations, Samples and Actuators) ontology
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Ontology: Structure

= Class: a set of entities of a specific domain

» Relation: a semantic link among classes, also called object property

* Property: attribute of specific type, also called data property

ey SCNSOr ==

madeBySensor observes

madeObservation isObservedBy

| }
resultTime

Observable
Property

xsd:dateTime l —observedProperty

hasSimpleResult
rdfs:Literal

Excerpt from SOSA (Sensors, Observations, Samples and Actuators) ontology
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Knowledge Base (KB)

madeBySensor observes
madeObservation isObservedBy
* A 4
_ Observable W
: Observation
resultTime Pmperty
\ 4
xsd:dateTime observedProperty

hasSimpleResult

rdfs:Literal

Excerpt from SOSA ontology and instances
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Knowledge Base (KB)

Individual instances of domain’s classes and properties

"""""""""" 19/09/2019
___________________ 12:19 ™
%
i resultTime.
.......................

D TemperatureSensor1

e Observation42

f 2 e "

| S— > _

hasSimpleResult , Observation

! resultTime !

: v j :

i xsd:dateTime observedProperty i
S hasSimpleResult . _S—
03D e S——
R 7 rdeL|tera| Temperature 4

~~~~~

Excerpt from SOSA ontology and instances

@) IRRAD.:i» adrtn
S Proton Facility"lf:' '©/08°0 52019




Knowledge Graph (KG)

« Term coined by Google (2012)
« Knowledge bases from a variety of sources
« Used in academia and industry

D

Mona Lisa

Date of birth: April 15, 1452
Date of death: May 2, 1519
(age 67 years)

&5 4

Michelangelo

Google Knowledge Graph
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Use of Ontologies, KBs and KGs

Domain knowledge sharing:

» Common understanding among software agents and people
» Analysis and reuse of common knowledge

Interoperability

Data integration

Natural Language Processing (NLP):

» Inference, link prediction and reasoning
» Query answering and information extraction
» Recommender systems
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Outline

» Ontologies, Knowledge Bases and Knowledge Graphs
> State of the Art & Methodology

» The Use Case of the IEDM Domain Ontology

» Generated Web Application

» Comparison with the IRRAD Data Manager (IDM)
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Ontology-based Ul Development

In the work of S.K. Shahzad (2011)*:
= Ul ontology (UIO) mapped with a domain ontology (vCards) for aiding
Ul development

UIO not documented and thus not reusable

Classes from Domain Ontology
(Adding Ul properties according to type of class)

vCard classes with visualization
propertics

Taxonomy of
vCard

User Interface Ontology
for vCard (Skeleton)
as vCard Schema

(RDFs/OWL)

2011, pp. 1078-108

*S. K. Shahzad, "Ontology-based User Interface Development: User Experience Elements Pattern", Journal of Universal Computer Science, 17, 7
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Ontology-based Ul Generation

In the work of Hitz et al. (2016)*:
= User input as an Application Ontology
» Transformation to a Target Ontology for Ul generation

» Proprietary annotations required: limitation to universality

Client Side Backend
linked data application linked data service

C
ke
= Client © : map instance data Business
B Application instance Service
v data
9
= final Ul for AO
QO
S
a © : transform AO

User Interface Target Instance

! Transformation | . Transformation |

Tusevlnmfaoe an;n
o | eEsSaas S
-8 Ul specific
infos

8 Applicatio | mapping Target
E | | nOntology | infos O"(t_l‘_’c';;gv
) © :select AO (A0)

*M. Hitz, T. Kessel and D. Pfisterer, "Towards Sharable Application Ontologies for the Automatic Generation of Uls for Dialog based Linked Data Applications" in
Proc. 5th Int. Conf. on Model-Driven Engineering and Software Development (MODELSWARD 2017), Porto, Portugal , Feb. 2017.
pp. 567-569. doi:10.5220/0006137600650077
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User Interface Ontologies

Ontologies for formally describing Ul components

Several Ul ontologies investigated and integrated in our work:

= Semantic Ul ontology: Concepts from the Semantic Ul framework

= LOV Ul ontology: Ul concepts (supported by the Linked Open Vocabularies (LOV))
= RaUL ontology: RDFa User Interface Language (supported by LOV)

= HUICA ontology: Hierarchical User Interface Component Architecture

Semantic Ul X

LOV Ul X X

RaUL X X
HUICA X
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User Interface Ontologies

Ontologies for formally describing Ul components

Several Ul ontologies investigated and integrated in our work:

= Semantic Ul ontology: Concepts from the Semantic Ul framework

= LOV Ul ontology: Ul concepts (supported by the Linked Open Vocabularies (LOV))
= RaUL ontology: RDFa User Interface Language (supported by LOV)

= HUICA ontology: Hierarchical User Interface Component Architecture

Semantic Ul X

LOV Ul X X

RaUL X X
HUICA X
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Ontology-based Web Application Ontology (OWAO)

Domain
Ontology
hasPart l

Domain

Class
‘hasPart

DomainData
Property

DomainObject
Property

>

. Domain Ontology-related entities
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Ontology-based Web Application Ontology (OWAO)

Domain representedBy Web GERIGENA\A/fab Application it Form
— . . — pp h ——
Ontology Application Document Document

hasPart l hasDomainModeICIassl

Domain
Class

hasOperation
representedBy s TemMplate o u

— =1 Operation

isimplementedBy

— -
i i representedBy
N DomainObject -
Property mmmda Update e

hasCardinaIity‘

hasUIRepresentation

‘hasPart hasPartl mmm URLs 3,5’-
= c

- DomainData [l e %
S — ] subclassOf View -r%
= Property — :
5

=

=}

'

meeg Delete Summ

mmmga Read aaammd —
. Domain Ontology-related entities
Model related-entities
[ Web Application-related entities — List — ——
. Operation-related entities

Ul widget-related entities .
hasUIRepresentation
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Web Application Generator (GenAppi)

P (9 e

Loading domain and l Loading Ontologies
Domain Ontology (DO) OWAO

OWAO ontologies

Source code: https://gitlab.cern.ch/bgkotse/genappi
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Web Application Generator (GenAppi)

Domain Ontology (DO)

Loading domain and l Loading Ontologies
OWAO ontologies

Transforming domain classes
and object and data properties
to Model classes and attributes

Domain Ontology to Model Mapping

P o Jinja

—

¢ OWAO Django Model
@ Owlready?2
e O

DO

Source code: https://gitlab.cern.ch/bgkotse/genappi
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Web Application Generator (GenAppi)

Loading domain and l Loading Ontologies
Domain Ontology (DO)

OWAO ontologies

Transforming domain classes
and object and data properties | Pomain Ontology to Model Mapping i

) o inja
to Model classes and attributes ® Jn)

—

. .nam
. . . OWAO Django Model
Qeneratlng Django view Shoeretiion andilbg ° Owready2
files for data operations C I
(CRUD) DO

Django Views

Source code: https://gitlab.cern.ch/bgkotse/genappi
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Web Application Generator (GenAppi)

Loading domain and l Loading Ontologies
Domain Ontology (DO)

OWAO ontologies

Transforming domain classes
and object and data properties | Pomain Ontology to Model Mapping i

) o inja
to Model classes and attributes ® Jn)

—

Generating Django view Saniianiie ° .Ovovlr"‘é’;(?yz
files for data operations C I
(CRUD) DO
Django Views
Creating Django Template Creating Templates and URLs
and URLs files for the Ul

Django Templates

Source code: https://gitlab.cern.ch/bgkotse/genappi
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Web Application Generator (GenAppi)

Loading domain and l Loading Ontologies
Domain Ontology (DO)

OWAO ontologies

Transforming domain classes
and object and data properties
to Model classes and attributes

Domain Ontology to Model Mapping ﬁ
P o Jinja

—

®
Generating Django view Saniianiie ° Ovovlr"‘é’;(?yz
files for data operations C I
(CRUD) DO
Creating Django Template ‘ Creating Templates and URLs |
and URLs files for the Ul

Django Templates

Grouping files in
specific directories

[ Web Application Packaging J pu—

Web Application

Source code: https://gitlab.cern.ch/bgkotse/genappi
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Web Application Generator (GenAppi)

Loading domain and I Loading Ontologies
Domain Ontology (DO)

OWAO ontologies

Transforming domain classes
and object and data properties | Pomain Ontology to Model Mapping i

) o inja
to Model classes and attributes ® Jn)

—

®
Generating Django view Saniianiie ° Ovovlr"‘é’;(?yz
files for data operations C I
(CRUD) DO
Creating Django Template Creating Templates and URLs
and URLs files for the Ul

Grou.pllng .flleS Ir? Web Application Packaging —
specific directories

signup

Migrating model and Migration and Server Settings
server starting

Source code: https://gitlab.cern.ch/bgkotse/genappi DB or Triple Store
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Outline

» Ontologies, Knowledge Bases and Knowledge Graphs
> State of the Art & Methodology

» The Use Case of the IEDM Domain Ontology

» Generated Web Application

» Comparison with the IRRAD Data Manager (IDM)
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Irradlatlon Experiment Domain

CERN Large Hadron Collider (LHC)

NASA spacecraft

INDUSTRY

Bottle sterilization by electron beam irradiation
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CERN Proton Irradiation Facility (IRRAD)

= Areference facility for proton irradiation experiments

= Testing of components of the HEP experiments

= |n 2018: 81 irradiation experiments, 97 users, 792 samples, 405 dosimeters and
2056 dosimetry measurements

e

it
i 18 " [ L\ . o =
LY \ W U\ e
1 l v‘ .\ ‘( ]‘ IA P -
|\ | R - f
| | e i d ’
— ) »1_;,:.\\ — |
= e (3 B i
« - —ad
. — 2 A i ] ‘ |
\

L Electroc -

;‘f" _L:_.._ \ t WV o O f‘ Poster

N Calorimetry = ‘\‘ WEPHA127
2 samples — ‘ .

o~ s \ >

CERN IRRAD-.;" 7 MM
\\/.>I Proton Facility:?:' U8 Oct 2019 5.k T @00 052019




IRRAD Data Manager (IDM)

Custom-made web application for the data management of IRRAD
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Irradiation Experiment Data
Management Ontology (IEDM)*

Inspired by the IDM development and by research in other irradiation facilities

= Concepts of irradiation experiments focusing on their data management
= Used in our work as a Domain Ontology

Irradiation
Facility
User

Irradiation
Facility
Manager

Irradiation
Facility

DomainOf

Monitoring
Experiment

System

) isUsedBy
isManagedBy b

hasFieldOfStudy
hasResponsiblePerson | ledm:lmadiation

*_Es PerformedBy
2 ___,_...---hasPart

Responsible Experiment iy —isOperatedBy Operator
Person
hﬂSpﬂr"”i’, : Kha&FmalSmr&geAr&a
isCoordinatedBy I createdBy

DUT
Irradiation

hasPart e
Irradiation
Facility :
Coordinator Requirements

*B. Gkotse, et al., “lEDM: An Ontology for Irradiation Experiments Data Management”, presented at ESWC2019, Portoroz, Slovenia, Jun. 2019, in press.
Documentation at http://cern.ch/iedm
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Outline

» Ontologies, Knowledge Bases and Knowledge Graphs
> State of the Art & Methodology

» The Use Case of the IEDM Domain Ontology

» Generated Web Application

» Comparison with the IRRAD Data Manager (IDM)
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Generated Application: Authentication

= Django authentication and authorisation system
= Jinja2 template for the interface generation

IEDM

Sign up

Username:

Required. 30 characters or fewer. Letters, digits and @//+/~/_onlky.

Password:

Password confirmation:

Enter the same password as above, for verification.

Signup
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Generated Application: List

= List of saved instances per class
= Visualisation of domain ontology classes
= Ul display adaptable according to the user’s preferences

UnaryFunction

UnaryFunctionEntry I E D M U I PrEfere-nces
IrradiationExperiment Conﬁgu ratl s
Requirements User Background body color: m
DUTlrradiation
CumulatedQuantity Font color Y
IrradiationExperimentObject surname email name hasRole Actions Font size: px
s Gkotse blerina.gkotse@cern.ch Blerina Responsible | View || Update || Delete | Save
IrradiationFacilityRole
InteractionLength
InteractionLengthOccupancy
MonitoringSystem
Users’list
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Generated Application: List

= List of saved instances per class
= Visualisation of domain ontology classes
= Ul display adaptable according to the user’s preferences

IEDM

Requireme User Background body colo
- ont colo v
entObje surname email name hasRole Actions

Gkotse blerina.gkotse@cern.ch Blerina Responsible | View | Update [ Delete |

Users’list
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Generated Application: Create Instance Form

= Input form for each domain ontology class instance
= Data properties = input fields
= Object properties = selection fields and links to the corresponding class forms

ResponsiblePerson -
SingularField IEDM Ul Preferences
StorageArea configurations
UpdatedBy
System Back d bod lor:
Blerina Gkotse ackground body color: m

TechnicalRequirements

Font color:
UnaryFunctionEntry Add Font size: px
e . CreatedBy -

IrradiationExperiment

UnaryFunction

Blerina Gkotse v Save
Requiremen ts
Add
DUTilrradiation
Heigh
CumulatedQuantity 0.1
IrradiationExperimentObjec
Identification
User SET-001029
IrradiationFacilityRole
Location
Bld. 14 R12
Weigh
0.001
Width
0.1
IrradiationFacilityCoordinator
Operator
$1-1029

IrradiationFacility

IrradiationFacilityManager

Registering an Irradiation Experiment Object
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Generated Application: Ontology Visualisation

Domain ontology (IEDM) visualized using WebVOWL

Irradiation Facilit...
1

Subclass of

Physical
(external)

Object

(external)

Subclass of
Region

(extemal)

WebVOWL
114

;

Subclass of

e,

IrradiationFacil...

A

Subclass of

Subglass of

Responsible Person
1
Irradiation Facility.
1

Subclass of
Irradiation Facility...
1

D>

Subclass of

Operator
1

IRRAD 3i

Proton Facility "u

CERN
\
7/

isUsedBy isCoordinatedBy

isManagedBy

Irradiation Facility
1

hasRole

isPerformedBy

CreatedBy

isOperatedBy

hasPart  hasFieldOfStudy

MonitoringSystem
1

hasFinalStorageArea

updatedBy

updatedBy

Storage Area
1

Irradiation Facil...

Irradiation Ex...

V Filter £ Options ¥ Modes ¢ Reset Il Pause

« Export

hasSample
nasuusimeter
= Ontology

CEET—

B.Ckolse "9, 0©°@ 62019
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Outline

» Ontologies, Knowledge Bases and Knowledge Graphs
> State of the Art & Methodology

» The Use Case of the IEDM Domain Ontology

» Generated Web Application

» Comparison with the IRRAD Data Manager (IDM)
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Generated Web Application vs. IDM

Purpose

IRRAD facility
data management

Generated Web Application

any domain

Software
infrastructure

CERN

free and open-source

Storage

Oracle database

any relational database,
ontology or triple store

Web Semantic
technologies

no

yes, allowing for data integration

Functionalities

more advanced (e.g.,
interaction length calculation)

CRUD operations
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User Interfaces Comparison: Create Form

IDM create instance form
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User Interfaces Comparison: Create Form

New User

Name

Surname

Telephone

IDM create instance form Abstract IEDM
ActionRelatedRole U I P rEfere.nces
configurations
ActorRole
HasRole
AdminlnfoExperiment . Background body color: m
Responsible
AdminlnfoObjectOfExperiment Coordinator
User Font color: v
AdminlnfoUser
Add -
Administrativelnformation Fontsize: px
Surname
Agent
Classification
Email
ClassificationByDomain
ClassificationOfExperiments
Name

CorpuscularObject
BExperimentalRequirements

FieldOfStudy Cancel

Generated application create instance form

CE/RW |RRAD " /j 08 Oct 2019 B. Gkotse
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User Interfaces Comparison: List Table

CERN

HOME EXPERIMENTS BPM IRRAD INFO ~ PREFERENCES

blerina.gkotse@cern.ch Sign out Directory

(j IRRAD 2ix
= Proton Tacility 765"

IRRAD Data Manager

FCC-RADMON users

Name Surname E-mail Telephone

Blerina Gkotse blerina.skotse@cern.ch 1111111

IDM list table

@) IRRAD.:
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User Interfaces Comparison: List Table

blerina.gkotse@cern.ch

Sign out Directory

HOME EXPERIMENTS BPM IRRAD INFO ~ PREFERENCES \:\;2)

/| IRRAD 2. ()

IRRAD Data Manager

FCC-RADMON users

Name Surname E-mail Telephone Role Actions

Blerina Gkotse blerina.skotse@cern.ch 1111111 User m

IDM list table UnaryFunction
[EDM

Ul Preferences
configurations

UnaryFunctionEntry

IrradiationExperiment
Requirements User Background body color: m

DUTIrradiation
Font color:

CumulatedQuantity

IrradiationExperimentObject surname email name hasRole Actions eliEEE px

User Gkotse blerina.gkotse@cern.ch Blerina Responsible ‘ View I Update I Delete |

Save

IrradiationFacilityRole

InteractionLength

@y IRRAD.::. 2F

Generated application list table
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Conclusion

= Automatic generation of web applications from ontologies:
» Methodology and software tools
» Use case based on the IEDM ontology
= Generated web application:
» based on web semantic technologies, enabling data integration
» starting point for further customization

= Future work: Ul preferences customization
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Automatic Web Application
Generation from an Irradiation

Experiment Data Management
Ontology (IEDM)
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