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Abstract—Engineering models are computer-based models that When dealing with complex information systems, the prob-
enclose technical data issued from engineering domains. Thoselem of how to provide access to heterogeneous information
models usually implicit many of the details required to under- 51,054y appeared decades ago. The typical solution for in-
stand and interpret the data. In this context, integrating the f tion int tion is t id it interf ¢
results of models and querying the heterogeneous information is orma !on integration IS to p_row € a_ unrform-in er_a_ce 0a
a challenge. collection of heterogeneous information sources, giviegrs

In order to address the issue of handling heterogeneous models,the illusion that they are a centralized and homogeneous
we propose toannotate the engineering modelsvith concepts of information system. However, the models do not inter-ojggra

Lheereo?rt]‘élogrigsogglth; Zpseecrir‘;ignzgg;’;iig‘t?ogm?;”fﬁovggl\?Vf]isgk:ibebecause there is no semantic added to their objects and the
extends an ontology-based database architecture with constrts expression of model mappings is only hard coded.
that allow to tag engineering models using ontology concepts. The last decade has seen the emergence of the use of

This work is inspired from a petroleum engineering case study, ontologiesin order to provide an explicit and formal definition
and we validate our approach by presenting an implementation of specific domains [1]. With the development of ontologies
of this case. for specialized engineering domains, it becomes possible t

Index Terms—Data integration and interoperability, Ontology-  5.cess the engineering models at the semantic level, throug
based databases, Meta-modelling, Semantic annotation,

Petroleum engineering models the ontologies concepts. _ _
Our work is conducted in the domain of petroleum reservoir

engineering, in particular, the activity afl & gas reservoir
modelling performed by oil & gas companies (see Section
[l). Considering this activity, petroleum engineers arbgci-
Engineering models are computer-based models often usgtists rely on three-dimensional representations of #réhe
to run simulations or perform verification and validatiomunderground (calledeservoir modelsor oilfield model$ to
over technical data. The heterogeneity of these models, thake important decisions about oil-reservoir operatiofise
representations in logical models that are close to lowtleweservoir model is the final result of the oilfield modelling
computer representations and the verbose format in whah thworkflow (Fig. 1).
are documented make the integration task a challenge. €onseThe definition of an ideal working platform has been the
quently, the exploitation of such engineering data modets amajor concern of petroleum exploration software vendors fo
the corresponding data becomes a difficult work to enginedosig. In Chevron company’s use case [2] they claim that still
that are not trained for such activities. Professionalaikhbe a large amount of heterogeneous data is generated every day
able to exploit these models with their own knowledge madelsom multiple sources such as seismic data, well data,jraill
instead of spending lot of effort in translating their knedje data, transportation data, and marketing data. In ordee#b d
to the current computer representation of this models. with the flood of information, as well as the heterogeneous
Examples of activities that rely on various engineering modata formats of the data, a new approach for informatiorchear
els are: simulation, validation, verification, design,rate, and access is necessary.
exchange; within several engineering domains, ranginmfro The end-users of this community aim to be able to retrieve
civil engineering, aeronautics, environment, agric@fuauto- and re-use information that are created in the various areas
motive industry to social organizations. All these actdstand of expertise within reservoir modelling and represented in
domains are the subjects of a huge amount of heterogenediverse oilfields models. In summary, the petroleum explo-
models and data. ration domain is still looking for a proper solution for the

Paper categorytechnical solution.

I. INTRODUCTION



interoperability problem.

The proposal of this work for addressing the semantic
interoperability problem in engineering domains such as th
petroleum exploration activity is an approach basedsen
mantic annotation of engineering mode&emantic annotation
is a current Web Semantic technique for adding knowledge
to resources by means of semantic tags (see Section II).
We envisage the use of semantic annotation for:making
explicit the expert knowledge enclosed in the model &gl
interrogating raw data using semantic concepts represéayte
domain ontologies. This approach is explained in Section IV

To carry out this approach, we consider to use an Ontology-
Based Database (OBDB), which allows to store data ande
ontologies in a same database. We introduce this concept in
Section II-A. In Section VIl we present an implementation
for the case study in oil & gas reservoir modelling. Some
initial results from this domain are presented that illatsr

schema for ontology descriptions depends upon the on-
tology model used to represent ontologies (e.g., RDFS[7],
OWL][8], PLIB[9]). For instance data, different schemas
have been proposedertical tablecan be used to store
instance data as triples; ohénary representatiorcan be
used, where each class is represented by a unary table
and each property by a binary table; atable per class
representationsiave been proposed where a table having
a column for each property associated with value for at
least one instance of a class is associated to each class.
Example of type 2 OBDBases 8Besamd3] framework

and ONTOMS [10].

Type 3 OBDBs A new type of OBDB, OntoDB [11],
proposes to add another layer to type 2 OBDBs. This
schema calledneta-schemaecords the ontology model
into a reflexive meta model. For the ontology schema, the
meta-schema plays the same role as the one played by the

how this approach enables to extract emergent semantits fro
engineering models.

system catalog in traditional databases. The meta-schema
allows: (i) generic access to the ontology, (ii) support of
evolution of the used ontology model, and (iii) storage
of different ontology models (OWL, DAML+OIL[12],
PLIB, etc.). Indeed, OntoDB is declined on three dif-
ferent conceptual levels, which allows to differentiate th
instances, from their structure and from their meta-model.

Structural mo

£ ;'.f

In the context of our work, we have two fundamental
- criteria for choosing an OBDB. Firstly, the OBDB must
] have the capability to manage a huge amount of information,
since an important quantity of data is currently availalve i
Petroleum Industry. Secondly, the support of evolutionhaf t
OBDB meta-model is important, since we need to extend
this architecture to represent other data containers than t
ontology meta-model (i.e., aannotationmeta-model). As a

Il. BACKGROUND X .
] ] ] ] ) consequence, we have chosen OntoDB architecture, which
In this section we introduce the basic notions of ontologyyills this two criteria, as we will detail further on.

based databases (OBDB), engineering models and semantic
annotation, in order to provide the fundamental background
to our approach. B. Engineering Models

A. Ontology-Based Databases (OBDBS) Engineering development processes involve a set of activi-
Ontology-Based Databases (OBDB) are database architgés which manipulate data related to an engineering damain
tures that deal with the problem of persistence of ontolgi€ngineering data can be expressed in various types of models
while taking advantage of the characteristics of databasgstabase tables, programming units (such as classéavat
(scalability, safety, capability to manage a huge amount ef C programming languages), mathematical expressions, and
data, etc.) [3]. We summarize in this section a comparatige on. These representations lead to heterogeneous models
analysis of OBDB systems (available in [4]) and their capahat need to be reduced. As a consequence, engineering
bilities to solve the interoperability issues. models produce a huge quantity of instances, the raw data.
« Type 1 OBDBs Information is represented in aWhen integrated, these data allow the emergence of new
single schema composed of a unique triple tableowledge that is relevant for the engineers. In severasare
(subj ect, predicate, object), which may be this integration is still made by the engineers themselves a
used to represent both ontology descriptions and instariseneither formalised nor computerised. The engineerireg ar
data. This approach raises, however, serious performaticat is used as case study for this work is the Petroleum
issues when queries require many self-joins over thisdustry. In this area, engineering models are depicted by
table. Example of type 1 OBDBases @8tore [5] and three-dimensional representations of the earth undengrou
Jena [6] frameworks. and the interpretation of the different petroleum engiimeger
« Type 2 OBDBs They store separately ontology descripmodels demands background knowledge and context from the
tions and instance data in two different schemas. Tld®mains users.

Seizmidmodel

Fig. 1.

Qilfield modelling workflow



C. Semantic Annotation The interpreter (a geoscientist) observes the input rawa dat

At the moment, there are several frameworks and todi2otably, seismic imageswhich are pictures of underground
that allow to create semantic annotations over resourcdguctures — Fig. 2a), and gives an interpretation about i,
(web pages, textual documents, multimedia files). From "8cognizing horizontal and vertical traces in the image and
comparative analysis of several semantic annotation gje |dent|fy|.ng them as aﬁeflegtorsand.Reerctor Interruptloqs
available in [13], we understand that most of those framimor €SPECtively. As illustrated in the Fig. 2b, the user hasvide
and tools (such as SHOE Knowledge Annotator [14]), stifffied and pointed in the image someflectors(r 1, r 2, r 3)
rely on knowledge in HTML pages, XML documents or irpndm_terruptlops(l ntl,int 2_). Th_e_ spatlgl coordinates and
other textual resources. Several works were also propodfier informations about the identified objects are, theves
concerning the annotation of images [15] and, more recentfy cloud-of-paint files (whose most common format is named
concerning the annotation of the Web-services[16]. Taits | XYZ fil9, which are outputted by the seismic interpretation
Vannotea[17] also propose to add meta-data to multimedfP!- During all the task, itis not feasible for the users take
resources such as audio and video files. notes and comments about their interpretations, nor tblksta

However, despite the significant number of tools and framée_latmns between the data files generated. The informetion

works that provide ontology-based annotation, none of tiout the geological objects are stored using the chosen dat

annotation tools proposed so far enabledheotation of engi- ormat

neering modelgor, more generally, computer-based models). One of the expectations of the users of this community
Concretely, there is no technique allowing to complete ¢hoss to be able, within any phase of the workflow, to ask
models by formal comments or explanations, or to attach magaestions related to the geological objects. The main issue
semantics to the technical data produced by the modellirggto determine how to formulate those queries without hgvin
tools. Indeed, much of a company’s knowledge can be foundtm know the internal data structure of the objects. A typical
text repositories, such as projects documentation andtsepoquestion would be for example to determiak the horizons
Nevertheless, we cannot deny that engineering models are ttat were interpreted within a reservoir studgn Horizon
result of their builder's expertise, and this is some sgiate is a geological concept that stands for various objects.- Geo
knowledge that cannot be lost. In the next section we presaaientists can designate Reflectorusing the termHorizon

the case study of petroleum engineering used to illustrate Go this query requires that the system knows that the term

approach. Horizon is a general case of the terfeflector and also
knows which files represent the information that constsute
Il. A CASE STUDY IN PETROLEUM ENGINEERING the Reflectors Currently it is not possible to answer this type

In a typical workflow for oil & gas reservoir modelling, of question, since we have no way of correlating the data
engineers and scientists from various geosciences fielnls pstored in technical formats with their meanings in geolabic
vide interpretations about the data prospected from thih eaierms. The geological identification of an object lies in the
underground. Those professionals are experts in a speelfic fihead of the geoscientist who made the interpretation.

within the several disciplines involved in the workflow. As a apgther difficulty is that there is no knowledge-base shared
consequence, they are competent to use data and t00lS fyong all the modelling tools. Such knowledge-base would
from their own specific domain. Therefore, itis challengiog ,geed make it possible t¢i) preserve the interpretations
this community to retrieve and re-use information issuedifr ,,54e by the user during the construction of the oilfield
various fields of expertise and represented differentlpser qqel: and, consequently, t&) possibly recover the previous

domains, using different modelling tools. interpretations. We explain in the next section the progose
In this context, we face two main practical problentd. approach for addressing those issues.

Originally, the users do not have means of preserving the

interpretations made during the construction of the odfiel

models. Documents in natural language that explain their

interpretation are merely produce@di) There is no software s== == ===

e —

framework that allows to making queries over the data anc»:';f""}; —— .
interpretation contained in those models. As a consequenom
to formulate queries about the oilfield models, the user mus//ﬁ"”—'—-’rm
know the structure of the data that constitutes the model. e

. . . \-
The Geological Seismic Interpretation '/”/‘—/—-.-_-..w- :
s
Af—'.‘m‘ = :
The case study in oilfield modelling considered in this work (a) Seismic Image (b) Interpreted Seismic
focus an specific activity that occurs in the initial phases Fig. 2. Seismic interpretation activity.

of the workflow. TheGeological Seismic Interpretatiogims
at identifying the first geological objects from the raw data
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In order to make the expert's knowledge explicit in en- / “ s
gineering models, we propose to annotate the models using ""2| Class. |—[ Annotation —{nat;ﬁemem|
domain ontologies. Thigngineering models annotatiquro- RAnnotate dBy annotates
cess must be able to represent the following elemefils:
ontologies and their instance&ii) engineering models and Fig. 3. Constructs of Engineering and Annotation Meta-madel
their data and(i7¢) annotations of the engineering models,

which establish links between ontologies and engineeringI
models. toélogy model) and the construgiDat aEl enent , by means

(i) The knowledge about geosciences fields was acquir%fdthe relations#annot at es and#i sAnnot at edBy. The

with experts and represented dsmain ontologiesThe geo- meta-models are illustrated in Fig. 3 as a UML class diagram

sciences ontologies are stored in an ontology-based (maba}1 Next sectlon introduces the OBDB arch|tecture_> §upportlng
iy ) . . the persistance of the described models and their instances
(i4) We applied, then, meta-modelling techniques to repre-

sent the engineering model’s datsinstances of its meta-data V. THE ONTODB ONTOLOGY-BASED DATABASE

The actual data schemas and their access information (suchthe OntoDB system [11] is an ODBD architecture to
as file names) were represented as meta-data. As a regifjpport evolutions of the ontology schema. OntoDB makes
it is possible to address the problem of retrieving the regke of meta-modelling techniques and propose separation
data. In qrd.er to persist the access information of enginger ot modelling layers. OntoDB allows, thus, to represent the
models, it is necessary to provide a meta-model and stQji&erent constructors of existing ontology models (e. @R
these information in the same database as the ontologiggy|, pLIB), enabling to store ontologies specified in differ-
But it is not desirable to represent the engineering melgnt ontology languages, and to separate the instances, from

data using constructs for ontologies, since we do not expegkir data structure and from their meta-model. We explain
to have, for engineering meta-data, the same features tBgkopB’s architecture as follows.

are currently proposed to ontologies, such as, subsumption

between concepts. The constructs of engineering metaadataA- The OntoDB architecture

different from the constructs used to define ontologiesi{suc OntoDB is implemented on top of PostgreSQL open source
asow : d ass in OWL language), because these entitiegatabase systeinand consists of 4 parts (Fig. 4).

have different nature. For these reasons, in order to persis

engineering meta-data along with ontologies, we decided to S i R—
enrich the original set of constructs for building ontokesi i | Ry
with Engineering Meta-modetonstructs. The Engineering 2)(1)
Meta-model is actually the minimum necessary set of the Ko T
features that allows a uniform description of these models (fomain oniolagies)
(file name, identification, main composite objects, etche T %
main added constructs for building engineering meta-dega a C
#Dat aEl enment and#Dat aAttri but e. T

(7i7) Finally, we provided a means for linking engineering Fig. 4. OntoDB Architecture.

meta-models to the concepts of ontologies. In this context,
considering that these models keep the users’ interpoatati (1) The part shown in Fig. 4(1) is the traditional part
about data, and that each user may have a different opiniagailable in all DBMSs, namely thileta-basewhich contains
it is expected that the annotations of these models candecgie system tables used to manage all the data contained in the
the different interpretations supplied by different ers#ns. database.
It means that, for the same dataset, there will probably beThe other parts of the architecture of OntoDB present sim-
different annotations expressing each user’s opinion,thatl jlarities with the OMG’s Meta Object Facility, which prop@s
must be uniquely identified. Another requirement is that orfeur superposed layers that represent all levels of aligirac
user can annotate several data elements with one ontolegynformation: meta-metamodels (M3 level), metamodel® (M
concept, and vice-versa. There is need, then, for an N-tevel), metadata (M1 level) and data (MO level).
N relationship for the annotation elements. Thereforehia t  (2) The Meta-schemapart (Fig. 4(2)) corresponds to the
approach, the annotation becomes a top-level entity, atgghr MOF levels M3 and M2. The meta-schema stores the upper
from the ontological concept and from the entity being anngevel constructs, nametENTI TY and#ATTRI BUTE, which,
tated. The annotation entity has also its own attributesh sufrom the database point of view, correspond to two tables.
as creation date, author name and version information.

It follows that we also defined kileta-model for Annotatian o|\1/|Tc-;h'§ l\aL‘igoosgjdegt’ifcmtgd(ﬂzigigjf{:;g:‘;‘ighnzr;uﬁ(;hﬁw“fva"sg]‘g !
The construct#Annot at i on, creates a link between thegg/mof)).
construct of ontology concepts (it varies depending on tite 0 2http://www.postgresql.org/



It also contains the traditional layer available in all OB®B in the query Q1, which selects the names of all classes of the
the meta-model for building ontologies. OntoDB provides thdatabase.
ontological construct#Cl ass, #Property, #Dat aType .
) ! . ’ : SELECT #nane FROM #C ass
and others, which corresponds to instancestBNTI TY. If <
the Meta-schema of OntoDB is extended with new construcft®: SELECT age FROM Person

they are added as new lines#ENTI TY table, as illustrated Querying the content is similar to a classical SQL query and

in the Fig. 5. the properties will not be prefixed by the ‘# symbol (example

query Q2). OntoQL enables also to query both meta-schema

T | S [0 | i | Dowsin | Fage and contents in the same query, which offers the capability

L Resouse ! Ly |1 2 of uniform manipulation of ontology and instances withim th

3 [ Propety 1 database.

BT In the following section we illustrate how we extended the
meta-schema of OntoDB in order to implement the case study

Fig. 5. Tables in OntoDB’s Meta-Schema in oilfield modelling.

The ontological constructs of OntoDB allows to rep- VI. EXTENDING ONTODB WITH ANNOTATIONS AND
resent the main constructors of existing ontology mod- ENGINEERING MODEL
els (e.g, OWL, PL.IB)' Thu_s_, n Or_1toDB It IS possi The implementation considered for our approach must be
ble to store ontologies specified in different ontology-lan . - . .
) °. _able to represent the following elementS:) engineering
guages. The construgiCl ass stands for ontological entities . g : -
. . i models and their datgj:) ontologies and their instances and
that represent categories of objects (suchoas: Cl ass . . .
i (7i1) annotations of the engineering models. We present here
from the OWL language oPLI B: Cl ass from the PLIB
how to use OntoQL to extend the core-model of OntoDB to
model). The construc#Pr operty stands for the charac-. ) .
o . " . include constructs of thEngineering Meta-Model and of the
teristics of ontological entities and the relations theyweha . . . .
) Annotation Meta-Model proposed in the previous section.
among them (such asdf: Property from the RDF lan- . o
) They are created by instantiating th&NTI TY construct.
guage, orow : DataProper ty from the OWL language or The first part of our proposal is &ngineering Meta-model
PLI B: property_det from the PLIB model). P prop g 9 e

; which defines the entities that are the building blocks that
(3) The third part of OntoDB, namelflodel corresponds allow to represent any data artifact used in engineeringaisod

to the MOF level M1, where we describe the structure of th]ehe Fia. 6 shows a UML representation of tBagineerin
domain ontologies, that is, the concepts and relations frOlW 9. P 9 9

some domain (Fig. 4(3)). eta-model
(4) The instances are in the MOF level MO, tinstancepart

(Fig. 4(4)). Ontology-based data (instances) are repteden —Di::if:::"fﬂ
OntoDB using an horizontal approach; one table is created fo
each ontological class; its columns consists of a subsdteof t subtype_of

Dataéttribute

class applicable properties (i.e., that include the clagheir
domain), namely those that are used by at least one instance
of the class. This representation scales well when numerous

rin: ink
rmax: Skring
1 range: DataType

properties per instances are used. type ——————! DatanssociationEnd
B_ The OntoQL Language DataAssociation ;?E:r?ngtationType:String —
conneckion | max: String

In order to exploit the OntoDB OBDB, th&ntoQL lan-
guage has been proposed by Jean et al. [18]. The OntoQL
language has a syntax similar to SQL, and provides Data Def-
inition, Manipulation and Query Languages at the threerkaye
of OntoDB, from the logical level to the meta-schema level. The entity #Dat akEl ement is the abstract super-
Consequently, it is possible to extend the meta-schema (MP)tity. The entity #Dat aCl ass can define hierarchies
level of OntoDB by using the OntoQL Ontology DefinitionaNd have #DataAttributes. We can also have
Language (see the extension of OntoDB in Section VI). #Dat aAssoci ati ons, which relate twoDat adl asses.

The concepts of an ontology are created in OntoQL usirdiose entities are created in OntoDB using OntoQL
the object-oriented constructors defined in the M2 level §Xpressions, such as statements Q3 and Q4.

OntoDB #C ass and#Pr operty). @: CREATE ENTI TY #Dat aEl enent

OntoQL provides also Query Languagehat can be used (#nane STR)

to interrogate both themeta-schemand theontology contents Q4: CREATE ENTI TY #Dat adl ass UNDER

To query the meta-schema, we use some special construcisg: aEl ement (#subt ype_of REF (#Datad ass))
to directly address the meta-elements, such as the ‘# symbo

Fig. 6. Meta-model constructs for engineering models



The next step was to define constructs for building Semanfic Representing Geosciences Ontologies

meta-modeland the Engineering meta-modelThe Fig. 7 |ogical surveys for issuing ontology-based formalizasiaof

in OntoDB. maps [19]. However, the needs for reservoir studies are not
S srtates the same as those of geological map gditors. ansequemly, w
decided to complete the already existing geological ogie®
Class Annotation| _ | DataElement by defining specific ontologies for describing additionabge
rane: e} [eme Sma | {nener g logical concepts related to the particular field of oil resar

_Tm"e modelling. This meets the traditional definition of Gruber,
AnnotationProperty which stipulates that ontologies allow describing statiowl-
edge attached to a field, by specifying what are the objects
that compose the domain and how they are organized [1]. We
thus created a common vocabulary which can then be refined
to describe semantic characteristics in OWL-DL language [8]

The entity #Annot at i on defines a link between the This vocabulary was tentatively classified resulting in acde
entity #C ass (the OntoDB construct for ontology classes§lomain ontologies adapted to our needs. We present in Fig. 9
and the entity#Dat aEl ement, by means of the relations SOMe extracts of the geosciences ontologies, depicted ds UM

#annot at es and #i sAnnot at edBy. Those entities are diagrams.
@" logi aIDhjectI IGeoIogicaIEvent

label: String
range: DataType

Fig. 7. Meta-model constructs for Annotation

created in OntoDB using OntoQL expressions, such as the
statement Q5.
jsResulkedFrom

@: CREATE ENTITY #Annot ati on
(#annot at es REF(#Dat aEl enent), #i sAnnot at edBy
REF(#Cl ass))

{c) GeologicalBoundary

(a) (b}

GeologicalUnit

In Fig. 8 we show a zoom of the meta-schema part of
OntoDB (from Fig. 4(2)) after its extension with the new
constructs.

SeismicCube
Meta-scheme (2)

Property

Lo | <dinstanceofz>

T

Y
ENTITY| |ATTRIBUTE .
F ; ReﬂectorHInterruption

Clazs

4{ Annotation H DataElement

ontology
Meta-model

(a)

Annotation
Meta-rmodel

(b)

Engineering
Meta-model

(8]

Fig. 8. Zoom of extended OntoDB’s meta-schema

In the following section we illustrate how the extension of
the meta-schema of OntoDB was used to implement the cas

study in oilfield modelling.

VII. APPLICATION TO THEGEO-MODELLING CASE

STUDY

Y
A

wellLog

* “‘IateralSetOF setoffp *
disconnects

Sei '...,.;L.,..Hf ismicFault

part-of relation
_—
is-a relation

Trajectory | |Marker

Fig. 9. Extracts of ontologies for geological modelling.

The set of domain ontologies is composed by:

« local ontologiesfor representing the concepts used by
the professionals in specific fields of expertise within
the oilfield modelling workflow, such as th&eismic
Interpretation ontologyFig. 9(a)), and thetell ontology

In the Section Il we presented a case study in petroleum (Fig. 9(b));
engineering in which we should be able to make queriese an ontology for describing the conceptsasimmon Geol-
about data issued from oilfield models using concepts of the o0gy. geological units, geological boundaries, geological

knowledge-level.

After having extended the M2 level of OntoDB with the
two new meta-models, we need to repres¢ithow data is

processes, lithology and reservoir. This ontology is calle
the Basic Geologyntology (Fig. 9(c)).
The Basic Geology ontology (whose most recent version

identified using geosciences conceljts) how data is actually was presented in a W3C workshop [20]) identifies geological
structured by the oilfield modelling application&iii) the concepts that are applied through the whole oilfield moaglli
annotation elements over the oilfield data.

chain. Those concepts refer to objects which are identified a



the beginning of the chain, but receive a different characte We observed the available metadata of oilfield models
ization within the various geological models. The geoladic (types, attributes, header) and reduced this metadataeto th
interpretation consists, then, in binding these multiglarac- minimum necessary structure that allows a uniform degoript
terizations to the same shared ontological concept. of those models (file name, identificator, main composite
Although we represent the geosciences ontologies in OVWdbjects, etc.). The objective in capturing and formalizihp
language, we choose OntoDB database to do the persistencamefadata is to enable querying data using concepts of the
the ontologies and data, because of the advantages describ®wledge-level and, for future works, to allow data trans-
in Section V. We use a mapping algorithm that translatésrmation between models. For this, the oilfield data adtsfa
OWL ontologies to OntoQL statements which use the coshould be represented asstances of their metadata
structs defined for building ontologies, and then store themFor the activity observed in the case study (the Geological
in OntoDB. The way how the ontologies are represented $eismic interpretation) the folowing metadata was abttcac
OntoDB is shown in Fig. 10: the ontology constructs in pageismic traces are represented as clouds of 3D points in an
(2), the structure of the domain ontologies in part (3) ared ttASCII file, a format known asXYZ file Thus, we represent

ontologies instances in part (4). data used in this activity as instances of ¥¥¢Z filemetadata.
The Fig. 11 illustrates a simplification of the XYZ format
@ metadata.
Zlit:me ‘\ < <instancenf = : XYZFile
M ifllﬂlte:raF::eId
surfaceMame
<<|nstanceof>> 1
(3 ; hasLineT1 n
Model -

ChannelLine

channelline: real[1..*]

Fig. 11. The XYZ metadata

Al

@ #C;‘a:mmw” The statement Q9 exemplifies the encoding of the
—etlector___Hotizon XYZ format metadata in OntoDB using using the just-
1 | bentsuface | b1 added#Dat aCl ass constructor. It creates Bat aCl ass
entity named XYZFi | e, with a DataAttribute named
Fig. 10. Ontologies in OntoDB sur f aceNane, of type String, and multiplicity exactly
1.

Statements Q6 and Q7 exemplify the OntoQL statements
that creates the ontology classes that represent the geo
ical conceptHori zon and the geology seismic concep
Ref | ect or (from the Seismic ontology) in the OntoDB The statement Q10 create tl@hannel Li ne dataclass
database using the ontology meta-model constructs. with attribute channel Li ne, and statement Q11 alters the
Q6: CREATE #C ass Horizon dataclasé(YZF! | e by adding an associati@’ras Li ne which

connectsXYZFi | e to multiple Channel Li ne.

CREATE #Dat aCl ass XYZFil e
ERTI ES (surfaceName STR 1 1)

Q7: CREATE #d ass Refl ector PROPERTIES (URI
STR, identification STR) QL0: CREATE #Dat adl ass Channel Li nes

(PROPERTI ES (channel Line ARRAY 1 "1, )
In the example presented as the case study, the geologlst ALTER #Dat ad —
all ass Ile

identifiesReflectordrom horizontal seismic traces. We repre- .

sent this by creating an instance of the condegt| et or, (*ADD PROPERTI ES (hasLine REF(Channel Lines) 1

which is identified adbent - sur f ace by the geologist, as

the statement Q8: Then, we represent seismic data as instance of the metadata
@8: | NSERT | NTO Reflector (URI, created above. This is exemplified in the OntoQL sFatements

i dentification) Q12 to Q15 below, Here we create an instance6ZFi | e,

VALUES (r1, bent-surface) whose attribute filename isef | ect 3D- 0047. xyz, which
) o has twochannel Li nes (each line is composed of 3 points,
B. Representing Qilfield Data that represent the 3D coordinate).

As exp!amed in the case study S(—ch':tlor?, each 0|If|eld. mog—12 | NSERT | NTO XYZFi | e
elling activity corresponds to the utilization of one sfiieci (URI, filenane, surfaceName)
tool, which characterises data in a different structurentgo VALUES (r_47, ‘reflect3D 0047.xyz’,
surfaces, meshes. ‘reflectd7)



QL3: id_1 = INSERT I NTO Channel Li nes
(channel Li ne) VALUES ([0.19 1.31 0.24])

QL4: id_2 = I NSERT | NTO Channel Li nes
(channel Line) VALUES ([0.91 2.31 3.04])

QL5: UPDATE XYZFile WHERE URI = r_47 SET
hasLine = [id_1, id_2]

QL6: I NSERT | NTO hasLi ne (endl, end2)
VALUES (id_5, id_7)

The advantage of representing the technical data as irstanc
in OntoDB is that we will have stored, in the same place, both
data and ontologies, and this will make it possible to create
the link between the two.

C. Defining typed-annotations

Finally, since we have all metadata and the local ontologies
represented in OntoDB metamodel (level M1), we can now
define the link between those models By means of the con-
struct#Annot at i on. In the present case study we know that
a very common annotation will be performed by geologists
during the interpretation of the reflectors from a seismic
image. Thus, in statement Q17 we create an annotation of
the typeReflectorAnnotationwhich annotates entities of type
XYZFi | e with concepts of typdRef | ect or .

QL7: CREATE #Annot ation Refl ector Annot ation

(XYZFi | eURI REF(XYZFile), ReflectorURl
REF( Ref | ector))

Fig. 12.
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Implementation of the case study using OntoDB extensi

of the interpretation of some geoscientist, who identift@s t
reflector as ‘bent-surface’.

D. Annotation Production Process

i . . . The annotation elements described below will be pro-
The final step is to create instances of the typed annotatiqfigseq within the different activities of the oilfield modati

in order to annotate real data. In statement Q18 we create gty dow According to the type of task and the computer-

mstlfmce ?f the typed—an_notat|dheflt:cfrAnnotaﬂqnwh;ch based tool used, we distinguish three scenarios for proguci
makes reference to an instance of the metadaf@Fi | e instances of annotations:

and an instance of the ontology conc&ef | ect or, created , _ . L
o white box annotation: the annotation system is in-

previously. . .

' tegrated to the modelling tool. The annotation system
QL8: I NSERT I NTO ReflectorAnnotation (author, knows the associated local ontology, so, when the user
?étegi Ogie;i eit Orch)J/Rllb/ ;%%g' ! reUZd?) Yﬁ;‘UES produces an interpretation about the oilfield model, the

The advantage of the typed-annotation is that we group in a
same annotation table files that could have been createdyby an
type of seismic application. The annotation table standalfo
the annotations performed during one same interpretadisi t

Fig. 12 extends Fig. 10 and illustrates the implementation
of the case study in the three levels of OntoDB. In the part
(2) (M2 level) we have original constructs of ontologiesgau
mented of Annotation and Engineering Models constructs; ine
the part (3) (M1 level) we have the geosciences ontologies, t
oilfield metadata, and the typed-annotations; finally, & phart
(4) (MO level), we depict an extract of the tables in OntoDB:
in the table#C ass we have all the geosciences concepts
and their instances, the tab#Dat aEl enent contains all
the metadata for Oilfield Models and the reference to the real
data. The links between the data and their ontological nmgani
is expressed in the tabiAnnot at i on. In this example, the
XYZ file namedr ef 3D- 47. xyz is annotated by an instance
r1 of the concepRef | ect or. The instance'1 is the result

annotation system automatically creates instances of an-
notation referring to the URI of the ontology. For the
Seismic interpretation task, it is being developed a tool
for automatic seismic interpretation (by Verney et al. [21]
that generatedi) the instances of the Seismic Ontolagy
which corresponds to the seismic interpretation, as well
as (ii) the annotationghat link these ontology instances
to the technical data used by the tool.

black box annotation: when using a proprietary oilfield
modelling tool, it is not possible to integrate the annota-
tion system into it. The annotation must then be carried
out in an interactive way by the user: while interpreting
the oilfield model he/she also produces annotations over
the data files, like an experience report. This corresponds
to the practice of generating text documents that explicate
the interpretations, the difference is that documents are
in natural language, and cannot be processed later on
by automatic tools, while annotations produced with an
ontological tool are explicit and formal.



« intrusive annotation: when the oilfield model is already concerning the objects, which is usually just in the head of
interpreted, the annotation system examines the ddate users, can be added inside the database. This approach
files associated and discovers, by using heuristic rulesjables to formulate queries that use the vocabulary that is
which objects must be annotated and then associaignificant for the domain professionals, instead of ohligi
the correspondent ontology instances to these objedtsem to understand how data are organised within the daabas
producing then the instances of annotations. An practi- Moreover, having ontologies stored with the data allows to
cal example is the set of files used to represent Welbe integration techniques, such as, in the case of Ontdi2B, t
information, which are described using an XML-basedubsumptionrelations. This mechanism leaves an important
standard called WITSML (Wellsite Information Transfemutonomy to the several databases whose local ontologies
Standard Markup Language) [22]. This standard definesfer the same shared ontology for the definition of theindat
XML tags that are specific to the well domain. A wellschema. We will discuss about this possibility as a futurekwo
data file created using WITSML is able to be processed the conclusions.
by a parser, and its information transformed in ontological
instances in the knowledge base. The link to the original
data source is maintained by the annotation.

IX. CONCLUSION

This paper has presented an extension of a database ar-
chitecture in order to handle both data elements issued from
VIIl. EXPLOITATION OF THE EXTENDEDONTODB engineering models and annotations that allow to linkirg th
ARCHITECTURE engineering models data elements to their semantic defini-
As explained in previous sections, in the oilfield modellingfon represented by ontology concepts (classes, propertie
workflow the users must know how the data is structured AStances or property values). As a consequence, we have
internal formats so as to formulate queries about the ailfiePPtained a homogeneous representation of the whole data and
models. We believe that annotating those models with medfflowledge manipulated by engineers. Moreover, the avéilab
ingful concepts (concepts from the ontologies of the speciffy Of an exploitation language capable of manipulatinghbot
domains within oilfield modelling) will allow the professials Meta-models, ontologies, instances and annotations vefisius
to formulate queries using their domain vocabulary, irbtefa Since, we are capable, with OntoQL, to address semantic
using the data structure. queries that are free from the implementation details alél
We present here how to interrogate the oilfield databa$ethe different annotated engineering models. A case study
using the constructs included in the OntoDB’s meta-scheni!strating this approach has been shown. It is issued ftuen

Some simplified queries that use the meta-model construgplication domain we are working on: petroleum enginggrin
are expressed as follows. models and geological models.

o Find the name of th&ypedAnnot at i on that annotates The prc_)posed OntoDB ontolpgy_ pased database extension
the Ref | ect or classes: was possible thanks to the availability of:
QL9: SELECT #name FROM #Annot ati on « an explicit representation of the ontology in the database.
WHERE #i sAnnot at edBy. #name = ‘ Refl ector’ As a consequence, we have been able to attach the
annotation to the classes and to the properties of the

R #name = "ReflectorAnnotation ontology and not to the columns of the logical model

« Find the name of th®at aCl ass that is annotated by of the database where instances or data issued from the
Ref | ect or engineering data models are stored;
Qr0: SELECT #Annot ati on. #annot at es. #name » the possibility to access and to manipulate the ontology
FROM #Annot at i on model through the access and manipulation to the meta-
WHERE #i sAnnot at edBy. #name = ‘' Refl ector’ model;
R #nane = ‘ XYZFil e’ « an exploitation language allowing to manipulating both

. . . . the instances, their classes and the meta-model in the
» Find the instance oKYZFi | e that is annotated by the case of ontologies.

give.n instance oRef | ect or _ These characteristics are offered by the OntoDB ontology
Q@1: SELECT filename from XYZFile based database and by the OntoQL exploitation language.
JO N Refl ectorAnnotation Th tensi f h ol del with th tati d
ON XYZFi | e oid = e extension of the ontology model with the annotation an
Ref | ect or Annot at i on. annot at es. oi d engineering models model permitted to attach various tgpes
WHERE _ _ _ annotations to classes and/or properties of the ontologya A
Refl ect or Annot ati on. i sAnnot at edBy. oi d = consequence, we have been able to describe semantic queries
(select Reflector.oid from Reflector that exploit the engineering models at the semantic level, a
where Reflector.URI = ‘r1") . .
' thus abstracting from the logical model.
R filename = ‘reflect3D_0047.xyz’ We believe that the possibility to access the meta-model

Thanks to the new parts which we propose, OntoDB will bevel well adapted to define model extensions that preserve
able to store within a single data base, the engineering Imodepward compatibility with the extended model. This work has
data and their ontology-based annotations. So the semauofiened several new directions and perspectives. Indeeld, su



extensions are possible for other different engineeringalos

(17]

R. Schroeter, J. Hunter, and D. Kosovic, “Vannotea - Al&mrative

provided that an engineering and an annotation models are se Video Indexing, Annotation and Discussion System For Bbaai
up at the meta-model level. Moreover, we expect to describe
other relationships at the ontology level so as to be aljls]
to a posteriori attach ontology concepts and the associated
annotations to pre-existing ontologies.
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