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Ontology-Based Technologies for Data Access and
Integration in the Materials Design Domain

Research Background

= Materials design, design materials with desired
properties (e.g., non-toxic, high strength)

= The space of potentially useful materials yet to be

discovered is immense (e.g., many billions of possible Crystal structure
combinations up to 6 different chemical elements) \ /
» Exploring by experimental techniques Electronic ® Materials design
_ _ _ structure
 Simulating by computer programs to generate reliable ~ \

materials data Thermodynamic

= Materials calculations run such computer programs properties
with different computational methods
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Ontology-Based Technologies for Data Access and
Integration in the Materials Design Domain

Research Background

» Many software programs can do materials calculations

= A lot of databases provide materials calculation data via Web APIs (e.g., REST APIs)
« Materials databases are heterogenous in nature
« APIs follow different data schemas

= A data-driven workflow of materials design will search these databases with desired
combinations of properties

o < . O Q M D

Materials The Open Quantum
Project Materials Database

SRR utomatic - FLOW for Materials Discovery .
NOVEL MATERIALS DISCOVERY
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Ontology-Based Technologies for Data Access and
Integration in the Materials Design Domain

Querying Materials Databases

. SearChing “GaN’ in Materials PI’Oj ect The result from Materials Project
and OQM D Formation E Above Hull  Band Gap Density

Materials Id Formula Spacegroup | Volume Nsites ra
pacearotPl | Energy ev) | (ew) (V) {gm/cc)

« Different number of fields returned, maso o lriom [ foms  ew oz |
different terminology for the same " ’ S | e - - - . o

mp-
GaN P -0.307 0.355 1.105 75.361 4 3.69 o

conce pt 1007824 a Ba/mme
mp-804 GaN P6smc -0.663 0 1.743 46.943 4 5.924 O

° Some SemantICS COUId be added :%'1364 GaN P&;mc 0.11 0.773 0.671 4 92.509 8 6.012 O

:A ‘ ‘ ........................... <
* OPTIMADE (Open Databases ;T e om GOMD
5 - = - Formation o
Integration for Materials Design) S i e | 2 i el R | }
6450 GaN PR3ImG 0579 ZnS(zH) 4 chulz, H., Thiemann, K.n.(1977). Crystal structure refinement of Al N and Ga N. Solid State Communications,

23.
Ren, Y., Gateshki, M., Petkov, \., Choi, J., Gillan, E.g.(2005). Structure of nanocrystalline Ga N from X-ray

) TO d e S I g n a Co m m O n AP I 7045 GaN FEIme: 078 ZnS(2H) 4 diffraction, Rietveld and atomic pair distribution function analyses. Journal of Materials Chemistry, 15.
1105884 GaN Fm-3m -0.101 Bi_MaCl| 2
1234952 GaN R-3m -0.100 L1_1_CuPq 2
1228533 GaN P-6m2 0.367 BhWC| 2
306699 GaN Pm-3m 1.040 B2 CsClI| 2
101873 GaN PEaMC 8 Gajbhiye, M.s., Bhattacharyya, 5., Shivaprgsad. S.m..[EOOS}. Sv_mhesis and charactgrization of epsilon-(Fe3
N)/Ga N, 54/46-composite nanowires. Materials Research Bulletin, 43.
1220368 GaN Pmma B19 AuCd 4

LINKOPING
II." UNIVERSITY



Ontology-Based Technologies for Data Access and
Integration in the Materials Design Domain

Semantics are needed

= What ontologies can do

" : _Asserted [ - :B =5 X :B
‘/ Standard I Zed term I no I Ogy v @ owl:Thing e .Vt-[:o:\rl.t(ibjectPropert: e v B owl:topDataProperty e
v" Relationships between terms & vaterl = o nput strucune = numerica\alue
. . . v ) Quantity B has output calculated property Bl property hame
v Mapping between terminologies ! ‘?E:ﬁﬁ.ated Property = has uantity vl
- Physical Property B hasQuantityKind

v" Making data FAIR Qi masemnae

° F| ndabl I Ity : 3tnriltlcture : Le;:iattes to structure

» Accessibility

* Interoperability

[ ]

Reusability

[qud't:ﬂua ml':yxhd]( qudt:hasquanﬂtvxhiﬂwdmnﬂqﬂ [EMMO:M;:en’ﬂ]( relates ToMaterial m

u O n to I O gy CO n St r u Ct i O n q:itr:ilf_anﬂty\-’a!ue rc:%?:;ubChsst relates ToStructure hasOutputStructure haslnputStructure
[qﬂfﬂﬂlﬂwahl] hasinputProperty

qudtunit qudt:numericValue rdfs 3 UbClaasOr Pmperh,-Name rdfs-subClassOf hasOutputCalculatedProperty |p

* Ontology Extension G ey R (e G
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Ontology-Based Technologies for Data Access and
Integration in the Materials Design Domain

* A need for a unified way for querying data among multiple databases

» Materials design interoperability largely happens via the file-based exchange with certain formats,
which is not guided by an ontology

 Data needs to be FAIR (Findability, Accessibility, Interoperability, Reusability)

» Few methods using existing data as domain knowledge to extend ontologies
(semi-)automatically

* The lack of methods accessing and integrating data over multiple heterogeneous
data sources where data is shared via Web APIs (e.g., REST APIs)

 Current ontologies related to materials science do not cover knowledge of materials design (e.g.,
materials calculations)

 Traditional ontology-based data access and integration focus on relational data
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Ontology-Based Technologies for Data Access and
Integration in the Materials Design Domain

Problem Formulation

* RQ1: How can materials domain ontologies be extended by mining unstructured
text?

* RQ2: How can ontology-based techniques be used to access and integrate data from
heterogeneous sources?

« RQ2.1: How can ontologies be leveraged to generate GraphQL APIs for data access and
data integration?

* RQ2.2: How to enable ontology-based data access and integration in the materials
design domain?
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Ontology-Based Technologies for Data Access and
Integration in the Materials Design Domain

Finished and Ongoing Work

= [1] Lambrix P, Armiento R, Delin A, Li H, Big Semantic Data Processing in the Materials
Design Domain, Encyclopedia of Big Data Technologies, Springer, 2018.
= [*] Update version: Lambrix P, Armiento R, Delin A, Li H, FAIR Big Data in the Materials Design Domain

= [2] Li H, Armiento R, Lambrix P, An Ontology for the Materials Design Domain, The 19th
International Semantic Web Conference, Athens Greece (Virtual Conference), 2020.

= [3] Li H, Armiento R, Lambrix P, A Method for Extending Ontologies with Application to
the Materials Science Domain, Data Science Journal, 2019.

= [4] Li H, Hartig O, Armiento R, Lambrix P, Ontology-Driven GraphQL Server Generation
for Data Access and Integration (Ongoing).

13
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Ontology-Based Technologies for Data Access and
Integration in the Materials Design Domain

Other Publications

= [5] Li H, Dragisic Z, Faria D, lvanova V, Jimenez-Ruiz E, Lambrix P, Pesquita C, User validation
In ontology alignment: functional assessement and impact, The Knowledge Engineering Review,
20109.

= [6] Dragisic Z, Ivanova V, Li H, Lambrix P, Experiences from the anatomy track in the ontology
alignment evaluation initiative, Journal of Biomedical Semantics 8:56, 2017.

= [7] Li H, Armiento R, Lambrix P, Extending Ontologies in the Nanotechnology Domain using
Topic Models and Formal Topical Concept Analysis on Unstructured Text, ISWC 2019 Posters &
Demonstrations, Industry and Outrageous ldeas Tracks, CEUR, 2019.

= [8] Keskisarkka R, Li H, Cheng S, Carlsson N, Lambrix P, An Ontology for Ice Hockey, ISWC
2019 Posters & Demonstrations, Industry and Outrageous Ideas Tracks, CEUR, 2019.

» [9-13] Co-authored in synthesis papers of Results of the Ontology Alignment Evaluation Initiative
from 2016 to 2020
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[2] An Ontology for the Materials Design Domain

Overview

= Materials Design Ontology (MDO) is a domain ontology for the materials design
field

« To provide a conceptual model over multiple databases in the field
* One of the contributions to address the RQ2

o How can ontology-based techniques be used to access and integrate data from
heterogeneous sources?

15
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[2] An Ontology for the Materials Design Domain

The development of MDO

= NeOn methodology in ontology engineering
« Requirement analysis (Use Cases, Competency Questions, Additional Restrictions)

« Reusing concepts from existing ontologies
o PROV-0O (PROVenance Ontology), QUDT (Quantities, Units, Dimensions, and Type Ontology)
o ChEBI (Chemical Entities of Biological Interest Ontology), EMMO (European Materials Modelling Ontology)

= Modular Design
e Core Module, Structure Module, Calculation Module, Provenance Module

= Discussions with domain expert

16
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[2] An Ontology for the Materials Design Domain

MDO-Use Cases

= MDO can represent knowledge in basic materials science

= MDO can represent materials calculations and standardize the publication of
materials calculation data

= MDO can provide a standard to improve the interoperability among heterogeneous
databases In the materials design domain

= MDO can map OPTIMADE’s schema for enriching its search functionality

17
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[2] An Ontology for the Materials Design Domain

MDO-Competency Questions

» Materials databases’ APIs can /cannot answer, e.g.,:
v’ “What is the chemical formula of a material in the calculation?”
v' “Which software produced the result of a calculation?”

? “What are the input and output structures of a materials calculation?”

¢ e¢.g., OQMD’s API can answer structural information in terms of ‘unit_cell’, ‘space group’ and
‘composition_generic "but it does not reflect semantic relationships of such terms and ‘Structure’ in the
API schema

? “For a series of materials calculations, what are the compositions of materials with a
specific range of a calculated property (e.g., band gap)?”

* ¢.g., Materials Project’s API can provide ‘anonymous_formula’, full_formula’, and ‘pretty formula’ for
querying but it does not cover the domain knowledge that a Composition of a material has several
attributes such as Anonymous Formula, Full Formula.
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[strucl ure:Dccupancv]

/ I’

structure:hasSpecies oot re:nasSite structure:Basis [ structure:Composition ] [struct ure:SpaceGroup ] structure:Lattice

/ structure:hasPointGroup
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structure:hasCartesianCoordinates structure:PointGroup structure:hasAngleTriple
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)
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/
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[2] An Ontology for the Materials Design Domain

The Vision of MDQO’s Usage

Transformed RDF Result <€ RDF Dataset
JSON
> SPARQL Query

Materials Design Ontology Mapping Generator
| Database Schema| |
. o | [rm e
aa

| Other Application | Calculation

y
] %4
Query Mappings ;{
----------------------------- ) OPTIMADE
o
» v?f?..r-”
PROV-O [ W «o@:??-
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' )H Transformed Quary - -
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[2] An Ontology for the Materials Design Domain

MDO’s Usage-Querying over a mapped RDF dataset

Transformed RDF Result [« RDF Dataset
JSON
»| SPARQL Query

Application Materials Design Ontology Mapping Generator
e— | Database Schema|
Core Structure Mappings

Calculation Provenance Query Mappings

oS vs EmEn

26
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[2] An Ontology for the Materials Design Domain

MDO’s Usage-Querying over a mapped RDF dataset

= SPARQL-Generate is used to define mappings

= An example query 1s “What are the materials of which the value of band gap 1s higher
than 5eV (electron volt)?”

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>

PREFIX core: <https://w3did.org/mdo/core/> P :
PREFIX structure: <https://w3id.org/mdo/structure/> dﬁSCI‘lpt]VE formula|value
PREFIX qudt: <http://qudt.org/schema/qudt/> CsoRbi1IniFg 5.3759
SELECT 7descriptive_formula 7value WHERE { CSQRblG&lFﬂ 5.9392
?calculation rdf:type core:Calculation; CSQKlIﬂl F.ﬂ 5.4629
core:haslutputCalculatedProperty 7property;
core:haslutputStructure 7Toutput_structure. Rng&lIﬂ1Fﬂ 5.2687
Tproperty gudt:quantityValue TYquantity_value; CSgRblGalFﬂ 5.5428
core:hasPropertyName ¥Yname.
7quantity_value rdf:type qudt:QuantityValue; Rng&lG&lFﬂ 5.9026
qudt :pumericValue ?value. CSgKl GE.-‘lFﬂ 6.0426

Toutput_structure structure:hasComposition Pcomposition.
7Tcomposition structure:hasDescriptiveFormula Pdescriptive_formula.
FILTER (?value>bt && 7name="band gap")

II u LINKOPING 27
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[2] An Ontology for the Materials Design Domain

The availability of MDO

*= Open Source and Open Access
» On Github project: https://github.com/huanyu-li/Materials-Design-Ontology
= On WS3ID: https://w3id.org/mdo/full/1.0/
= On LOV (Linked Open Vocabularies): https://lov.linkeddata.es/dataset/lov/vocabs/mdo

28
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https://github.com/huanyu-li/Materials-Design-Ontology
https://w3id.org/mdo/full/1.0/
https://lov.linkeddata.es/dataset/lov/vocabs/mdo

[2] An Ontology for the Materials Design Domain

v' MDO is capable to represent basic domain knowledge

v" MDO can be used for mapping different materials databases’ schemas
v" MDO can be used for semantically enabling materials database search
v" MDO is publicly accessible via Github, W3ID URL, LOV

29
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[3] A Method for Extending Ontologies with
Application to the Materials Science Domain

Overview

= Atopic model and formal concept analysis-based method for extending ontologies
» A contribution to address the RQ1

o How can materials domain ontologies be extended by mining unstructured text?

30
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[3] A Method for Extending Ontologies with
Application to the Materials Science Domain

Framework

= Stage 1: Phrase-based Topic Modelling I-FE
= Stage 2: Formal Concept Analysis

Domain Expert

Domain Domain
Ontologies Ontologies
= Domain Expert Validation O}:}g
Topics Phrases
/ rase 1 phrase 1
4 phrase hrase 2
phrase 1 phrase 1 p
> phrase 2 phrase 4 p:rase 2 phrase 3
Darase phrase 4
Topic Model '_'
Domain
Ontologies

Domain Expert

@ Extended Domain Ontologies

Formal Topical Concept Lattice
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[3] A Method for Extending Ontologies with
Application to the Materials Science Domain

Topic Model

Topic proportions and

Topics Documents assignments
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Domain Expert

&
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Extended Domain Ontologies
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[3] A Method for Extending Ontologies with
Application to the Materials Science Domain

Formal Concept Analysis over the result of a Phrase-based Topic Model

= phrase-topic table

= A formal concept is (P, T) where every phrase in set
P is a representative of all topics inset T

= Node 2: ((phrases 1, phrase 2, phrase 3), topic 3) ., ‘

topic §|topic 2|topic 3|fopic 4|topic 5
phrase 1 v v v
phrase 2 v v v
phrase 3 v v

phrase 4 v v
phrase 5 v

a: Example of phrases occurrence in topics
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[3] A Method for Extending Ontologies with
Application to the Materials Science Domain

Domain Expert Validation

= Interpret all phrases appearing in topics
* Is a phrase meaningful in the domain? (No(-g))
* Does a phrase exist in the ontology already? (EXIST(-m))
 Should a phrase be added into the ontology? (ADD(-m))

= Interpret topics
« Choose representative phrases for a topic or give a label
o If the label of the topic is too specific (Q)
 Does a topic exist in the ontology already? (EXIST(-m))
 Should a topic be added into the ontology? (ADD(-m))
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[3] A Method for Extending Ontologies with
Application to the Materials Science Domain

Experiments

= Dataset
« 627 abstracts of publications from Nanoparticle Information Library (http:/nanoparticlelibrary.net)

= Existing Ontologies

eNanoMapper
- Last uploaded: February 3, 2021
« Nanoparticle ontolo
Summary ~ Classes  Properties  Notes  Mappings  Widgets

« eNanoMapper ontology Sl .

Visibility  Public

Description The eNanoMapper ontology covers the full scope of terminology needed to support

NanoParticle Ontology research inta nanomaterial safety. It builds on multiple pre-existing external ontologies such
the: N Particl L
Last uploaded: August 17, 2012 93 the NenoPerticle Onlology.
Status Beta
Format  OWL
Summary Classes Properties Notes Mappings Widgets Contact Haralambos Sarimvels, hsarimv@central.ntua.gr
Egon Will X i ichtuniversity.nl
Philip Doganis, filippos@mail.ntua.gr
Nanoparticle Information Library (NIL) Diciaimer | Holp  Nanotechnol  Details Laurent Winckers, lawinckers@maastrichtuniversity.nl
% Related Link Friederike Ehrhart, friederike. ehrhart@maastrichtuniversity.nl
| search | contact | Contrioute [Mating List]  Links | Acromym  NPO Gareth Owen, gowen@ebi.ac.uk
. Linda Rieswilk, linda.rieswijk@maastrichtuniversity.nl
Featured Contributors ibili i Jiakang Chang, jkchang@ebi.ac.uk
Visibility Public
© David Canahan S Janna Hastings, hastings@ebi.ac.uk
.
Nano Lab, Inc. . Description An ontology that represents the basic knowledge of physical, chemical an  categories  Chemical, Health
NanoLab was founded in NCI Nanol . .
January 2000, The companyis | N AIN]O ¢ NelNand characteristics of nanotechnology as used in cancer diagnosis and therapy.
Welcome to the NIL. Use the search box above headquartered in Newton, LYAYE
for quick searches, browse our featured and Status Production
below or as a manufacturer of carbon Nanoparticle Opti
select the top Search tab for our advanced posiybiry
search options. See OSU/NIOSH note below ookt Quick SearchHom ~ Format owL
Featured Nanopart
Featured Naonparticles E Contact Nathan Baker, nathan.baker@pnl.gov
(Displaying 10 records per page of 10 featured nanoparticies) Browse Nanopartic Categories Chemical
Abstract: Carbon nanotubes (CNTs) are synthesized utiizing novel, Browse Contributo

electrically-enhanced, oxy-fuel flame-based, catalytic chemical.. Groups Cancer Biomedical Informatics Grid

Primary Element: Carbon
Onnlrlbu‘hﬂt Stephen D, _Tse Rutgers University-Mechanical & Aerospace

Engin

View Report

Added to NIL: 9/1/2005
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[3] A Method for Extending Ontologies with
Application to the Materials Science Domain

Result-1

= To interpret phrases ADD(-m): New knowledge for the ontologies
EXIST(-m): EXISTING knowledge for the ontologies

- .

Examples. . ADD|ADD-m|EXIST|EXIST-m||No-g|No
» ‘amorphous silicon’ (ADD) 20, low, Nanoparticle |32 |4 6 |19 6|9
o ¢ : ’ 20, low, eNanoMapper |[|29 3 1 25 14 (12

gOId nanoParthle (EXIST) 30, low, Nanoparticle |30 4 6 18 16 |9
30, low, eNanoMapper |[|28 3 4 26 12 |11
40, low, Nanoparticle |[[32 4 6 15 16 |10
40, low, eNanoMapper ||29 3 4 22 14 |12
20, high. Nanoparticle |9 1 14 T 4 0
20, high, eNanoMapper]|8 2 12 10 3 0
30, high, Nanoparticle ||8 2 14 8 0 1
30, high, eNanoMapper||7 1 12 10 0 1
40, high, Nanoparticle ||9 2 14 12 4 4
40, high, eNanoMapper||9 2 12 14 2 4
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[3] A Method for Extending Ontologies with
Application to the Materials Science Domain

Result-2

= To interpret topics ADD(-m): New knowledge for the ontologies
EXIST(-m): EXISTING knowledge for the ontologies

= Examples:
* ‘mesoporous silica nanosphere’ (ADD) | o———— 3A(Il))D OADD' ];XIST EXIST'm To'g gIO (1;23
e ‘chemical vapor deposition’ (EXIST) 30, Tow. both 3(2) [0 1 0 o 113
40, low, both 16(1)[0 11 1 2 |5 [10
20, high, both 8(1) [0 3 2 o o |7
30, high, both 3(2) |0 10 2 o o |7
40, high, Nanoparticle [[10(2)[0 10 3 2 2 |3
40, high, eNanoMappe1}|10(2)|0 9 4 2 2 |3
37
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[3] A Method for Extending Ontologies with
Application to the Materials Science Domain

Comparison to Text20nto

= Combine text mining algorithms
= Experiments with different number of candidates

# of elements  Algorithm ADD ADD-m EXIST EXISTm No-g No precision
100 Entropy 5 0 39 19 4 33 0.67
C-value/NC-value 5 0 39 19 4 33 0.67 ADD ADD-m EXIST EXIST-m NO-g No Im
Relative term frequency 5 0 39 20 4 32 0.68
TEIDF 17 0 2 12 6 43 0.57 Text20nto-100 20 0 51 27 11 71 0.60
200 Entropy 7 booes s 7 060 Text20nto-200 | 29 1 84 55 26 164 0.54
C-value/NC-value 7 1 63 43 7 79 0.60
Relative term frequency 7 1 63 42 8 79 0.60 Text20nto-300 39 1 118 78 44 266 0.51
TFDF 24 138 19 19 99 050 Text20nto-400 | 41 1 120 73 47 313 0.47
300 Entropy 12 1 80 52 16 139 0.53
C-value/NC-value 12 1 80 52 16 139 0.53 Our Method 32 3 25 18 14 22 0.80
Relative term frequency 13 1 78 52 16 140 0.53
TF-IDF 28 1 58 36 29 148 0.50
400 Entropy 18 1 98 62 20 199 0.50
C-value/NC-value 18 1 98 62 20 199 0.50
Relative term frequency 19 1 100 61 20 199 0.50 38
TF-IDF 36 1 70 44 38 211 0.47




[3] A Method for Extending Ontologies with
Application to the Materials Science Domain

Comparison to Text20nto

Concepts Our method Text2Onto

= New Concepts growth mechanism ’ co e :
intensity v nano ribbon v
* Our Method vs Text20nto resolution v nanotube array v ‘
layer by layer growth v nanowire array v
liquid solid v oxidation v
pressure v
MCM 41 v
mechanical property v
melting v
melt spin v
mesoporous silica nanoparticle v
mesoporous silica nanosphere v
microcrystalline silicon LY v |
nano colloid v
nano composite 4
nanocrystal Ly v 1
v

nano crystalline silicon particle
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[3] A Method for Extending Ontologies with
Application to the Materials Science Domain

» Phrase-based topic model + Formal concept analysis
» Domain expert interprets in terms of phrases, topics
= Confirmation of ontological concepts

= Addition of new ontological concepts
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[4] Ontology-Driven GraphQL Server
Generation for Data Access and Integration

Overview

= A GraphQL-based framework for data access and integration where an ontology drives the
generation of the GraphQL server

» The lack of methods accessing and integrating data over multiple heterogeneous data
sources where data is shared via Web APIs (e.g., REST APIs)

= One of the contributions to address the RQ2

« How can ontology-based technigues be used to access and integrate data from heterogeneous
sources?

o RQ2.1: How can ontologies be leveraged to generate GraphQL APIs for data access and data integration?
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[4] Ontology-Driven GraphQL Server
Generation for Data Access and Integration

= What is GraphQL?
» GraphQL is a conceptual framework for building Web APIs
« GraphQL can work with existing APIs of a system

« A GraphQL server contains GraphQL schema and GraphQL resolver

» Clients use the GraphQL query language to make requests to a GraphQL server

type Book { List Books { const resolvers = {
title: String z'tl Query: {
1 LIt LS List_Books() {
} # query underlying data source to get books with titles
type Author { # return books with titles in json object
first_name: String List_Authors { }f
books: [Bookl] first List_Authors() {
3 1rst_name # query underlying data source to get Authors with first names
e e books { # and referencing books
List Books: [Book] title # return authors with first names and referencing books in json object
List_Authors: [Author] } y ¥
¥ } }i
GraphQL Schema GraphQL Query GraphQL Resolver
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[4] Ontology-Driven GraphQL Server
Generation for Data Access and Integration

GraphQL
= Why GraphQL? (In theory / In practice)
« GraphQL schema can help to provide a unified view of data from multiple sources

« GraphQL resolver can mediate the accesses to different data sources via APIs (e.g., web data
source, SQL database data source)

« GraphQL has self-documenting specification

« Users can discover the semantics reflected in API specification when writing GraphQL queries
= Why ontology-driven GraphQL server generation?

« Ontology can provide the conceptual model over multiple data sources

« To avoid manually create GraphQL schema and GraphQL resolver from scratch
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Framework

[4] Ontology-Driven GraphQL Server

Generation for Data Access and Integration

= Stage 1: Ontology and semantic mappings constructions, arrows (a) and (b)

= Stage 2: GraphQL server generation, arrows (c) and (d)

= Stage 3: Query answering process, arrows (1) to (6)

(

Y

GraphQL Client

o

i
®

©,

GraphQL Server

N/

GraphQL Schema Iﬁ

@ Databases or Data Sets }

A

GraphQL Resolvers | [ 6 8 8

(©

Ontology

(a)

“

| : (b) ,I/
NS Semantic |-
Mappings
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[4] Ontology-Driven GraphQL Server
Generation for Data Access and Integration

Stage 2: Ontology-based GraphQL Schema Generation

» |Input: General concept inclusions from an
ontology

= Qutput: a GraphQL schema

Calculated Property C Property
Physical Property C Property
Property © =1 PropertyName.zsd:string

Property C V relates ToStructure. Structure

interface Structure{
iri: String!

}

type Structure_obj implements Structure{
iri: String!

}

interface Property{
iri: String!
PropertyName: String!
relatesToStructure: [Structure!]

}

type Property_obj implements Property{
iri: String!
PropertyName: String!
relatesToStructure: [Structure!]

interface CalculatedProperty implements Property{
iri: String!
PropertyName: String!
relatesToStructure: [Structure!]

}
type CalculatedProperty_obj implements CalculatedProperty & Property{
iri: String!
PropertyName: String!
relatesToStructure: [Structure!]
}
interface PhysicalProperty implements Property{
iri: String!
PropertyName: String!
relatesToStructure: [Structure!]

Calculation C ¥ hasInputStructure. Structure MV hasQutputStructure. Structure
Calculation C V¥ hasInputProperty. Property
MV hasOutputCalculated Property. Calculated Property

Calculation C =1 ID.xsd:string
Property C V quantity Value. Quantity Value
Quantity Value C ¥V numertc Value.zsd:float

MDO logic axioms

} }

interface Calculation{ type PhysicalProperty_obj implements PhysicalProperty & Property{
iri: String! iri: String!
ID: String! PropertyName: String!

hasInputStructure: [Structure!]

hasOutputStructure: [Structure!]

hasInputProperty: [Property!]

hasOutputProperty: [CalculatedProperty!]
hY

type Calculation_obj implements Calculation{
iri: String!
ID: String!
hasInputStructure: [Structure!]
hasOutputStructure: [Structure!]
hasInputProperty: [Property!]
hasOutputProperty: [CalculatedProperty!]

relatesToStructure: [Structure!]
}
type Query{
CalculationList(IDs: [String!]): [Calculation!]!
StructureList(): [Structure!]!
PropertyList(PropertyNames: [String!]): [Property!]!
PhysicalPropertyList(PropertyNames: [String!]):
[PhysicalProperty!]!
CalculatedPropertyList(PropertyNames: [String!]):
[CalculatedProperty!]!

GraphQL schema
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[4] Ontology-Driven GraphQL Server
Generation for Data Access and Integration

Stage 2. GraphQL Resolver Generation
= Semantic mappings Processing

« Data from databases can be mapped as instances of ontologies
= Duplicates Detection and Data Fusion
« Detect records from data which represent the same real-world object

« Handle data conflicts in terms of contradiction and uncertainty
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Ontology-Based Technologies for Data Access and
Integration in the Materials Design Domain

Conclusion

= \WWe conducted an overview study of state of the art in terms of the usage of materials data
and current efforts related to semantic technologies

= \We proposed a method for extending ontologies based on topic modelling, formal concept
analysis and domain expert validation

= We proposed a domain ontology (MDOQO) aiming to alleviate problems arisen when
accessing and integrating data from heterogeneous materials databases

= We currently focus on introducing GraphQL for data access and integration for materials
design domain;
» We focus on generating GraphQL server based on ontologies, and merging data in the context of GraphQL
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Ontology-Based Technologies for Data Access and
Integration in the Materials Design Domain

Future Work

= [1] Lambrix P, Armiento R, Delin A, Li H, Big Semantic Data Processing in the Materials Design Domain,
Encyclopedia of Big Data Technologies, Springer, 2018.

= [*] Update version: Lambrix P, Armiento R, Delin A, Li H, FAIR Big Data in the Materials Design Domain

= [2] Li H, Armiento R, Lambrix P, An Ontology for the Materials Design Domain, The 19th International Semantic \Web
Conference, Athens Greece (Virtual Conference), 2020.

= [3] Li H, Armiento R, Lambrix P, A Method for Extending Ontologies with Application to the Materials Science
Domain, Data Science Journal, 2019.

= [4] Li H, Hartig O, Armiento R, Lambrix P, Ontology-Driven GraphOL Server Generation for Data Access and
Integration (Ongoing).

» Extending the Materials Design Ontology [2] with the method presented in [3]
» To develop a system with the implementation of the framework in [4] for the materials design domain
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Ontology-Based Technologies for Data Access and
Integration in the Materials Design Domain

Conclusion

= \WWe conducted an overview study of state of the art in terms of the usage of materials data
and current efforts related to semantic technologies

= \We proposed a method for extending ontologies based on topic modelling, formal concept
analysis and domain expert validation

= We proposed a domain ontology (MDOQO) aiming to alleviate problems arisen when
accessing and integrating data from heterogeneous materials databases

= We currently focus on introducing GraphQL for data access and integration for materials
design domain;
» We focus on generating GraphQL server based on ontologies, and merging data in the context of GraphQL
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