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Abstract. TJOWL (Temporal OWL 2 from Temporal JSON) is a framework we
proposed to allow users of Big Data projects to automatically create, with the
closed world assumption (CWA), a temporal OWL 2 ontology from time-
varying JSON-based Big Data. Such an ontology, providing the semantics to
the data, facilitates complex tasks like Big Data querying, analytics and reason-
ing, in an environment that supports temporal versioning at both data instance
and schema levels. Update operations on temporal JSON Big Data may not re-
spect the JSON Schema associated to them, like renaming a JSON object or a
JSON object member, or replacing the current value of an object member with a
new one that is not conformant to its type as specified in the corresponding
JSON Schema. These update operations are called “non-conservative updates”
and require implicit JSON Schema changes to be performed so that they could
be correctly executed. Such JSON Schema changes need then to be propagated
to the OWL 2 ontology in order to maintain semantic alignment. To this pur-
pose, in this paper, we propose an approach for automatic management of im-
plicit OWL 2 ontology schema change operations that are generated by non-
conservative updates to temporal JSON Big Data instances, in the tJOWL
framework.

Keywords: Big Data, JSON, JSON Schema, NoSQL, Ontology, OWL 2, In-
stance update, Schema change, Implicit schema change, TJOWL

1 Introduction

Nowadays, big data [1,2] are being widely used in several application domains like e-
business, e-health, online social networks, cloud computing, Internet of Things, smart
grids, and smart cities. JSON [3] is among the lightweight and semi-structured data
formats, including also XML and YAML, which are broadly used to represent, ex-
change and store Big Data. Although JSON Big Data are in general schemaless [4],
schemas for them, specified using the JSON Schema language [5,6] recommended by
the Internet Engineering Task Force (IETF), can be discovered/extracted through the
use of some appropriate tool (like json-schema-inferrer [7], Schema Guru [8], or
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Clojure JSON Schema Validator & Generator [9]). Moreover, Big Data can also be
accompanied by an ontology [10], which can be very useful to provide the semantics
of these data [11], from one hand, and to make easy and more efficient some complex
tasks t like Big Data querying, Big Data analytics, and reasoning over Big Data, from
the other hand.

The adoption of an ontology allows the formal specification of the data semantics
in an information system or of the knowledge of an application domain. It is widely
used in Semantic Web-based software, knowledge base management systems, and
artificial intelligence-based systems. It facilitates data access, query answering, and
knowledge inference. The OWL 2 Web Ontology Language [12], informally known
as OWL 2, is the World Wide Web Consortium (W3C) recommendation for ontology
specification in the Semantic Web. In the literature, two viewpoints have been pro-
posed for the management of inferences and deductions from ontology statements: the
Open World Assumption (OWA) [13] and the Closed World Assumption (CWA)
[14]. The OWA, which means that “what is not known to be true or false is un-
known”, is in general applied in environments where data are considered to be in-
complete (e.g., Knowledge Bases, Semantic Web repositories), whereas the CWA,
which means that “what is not known to be true must be false”, is in general applied
in environments where data are considered to be complete (e.g., traditional databases).
It is worth mentioning that the CWA can be used for ontology management via the
notion of Data Box (DBox) [15]. Furthermore, with the CWA, an ontology definition
(concepts, relations between concepts, axioms, ...) acts as a database schema and,
therefore, can be named an “ontology schema”; the ontology individuals are instances
of this ontology schema.

Besides, Big Data are rapidly evolving over time, due to their “velocity” feature. In
addition to this fact, several JSON-based Big Data applications require keeping track
of the whole history of updates that are executed on these data. Consequently, JSON-
based Big Data representation and storage need to become temporal: Big Data values
are time-dependent and multi-version, so that each of them can be made of several
consecutive temporal versions. Accordingly, it becomes difficult not only to manage
(query, update, ...) and analyze JSON Big Data, but also to formally define their se-
mantics. Hence, it is of great help to have systems and tools that facilitate the defini-
tion of a temporal and a multi-versions ontology for temporal and multi-versions
JSON-based Big Data. For that reason, and after studying the state of the art of ontol-
ogies for Big Data [16-30] and noticing that there is no work that have dealt with an
automatic building of a temporal ontology from some temporal and multi-version Big
Data, we have proposed in [31] a framework, called tTJOWL (Temporal OWL 2 from
Temporal JSON), which allows users of a Big Data project (i) to automatically create
a temporal OWL 2 ontology of data, with the CWA viewpoint, from time-varying
JSON-based Big Data via the use of an intermediary JSON Schema, and (ii) to man-
age the incremental maintenance of such a temporal ontology schema following the
evolution of the underlying temporal JSON Big Data, in a multi-version setting.

As far as instance updates in TJOWL are concerned, we distinguished in [31] be-
tween conservative updates, which have no effect on the (JSON) schema of the up-
dated JSON instance document, and non-conservative updates, which have an impact



on such a schema since they require that some schema changes must be performed
before executing the instance updates. Hence, the versioning of temporal ontology
schemas is driven by non-conservative (temporal) updates to JSON Big Data instanc-
es. Moreover, since in [31] we have focused on the automatic building of a new tem-
poral OWL 2 ontology schema for a temporal JSON instance document, in the present
paper we complete our framework by focusing on the ontology maintenance issue.
More precisely, we deal with non-conservative (temporal) JSON instance updates and
show how they trigger ontology schema changes, which produce a new (temporal)
ontology schema version.

The rest of the paper is organized as follows. Sec. 2 briefly recalls the TJOWL en-
vironment. Sec. 3 proposes our approach for implicit ontology schema changes that
result from JSON-based big data instance updates, in TJOWL which supports tem-
poral versioning at both instance and schema levels. Sec. 4 illustrates our proposal via
an application example. Sec. 5 concludes the paper.

2 The tTJOWL Environment

This section provides an overview of our tIOWL framework (as shown in Fig. 1).
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Fig. 1. The tJOWL environment



To build a temporal OWL 2 ontology of data, according to the CWA philosophy,
for some temporal JSON-based Big Data instances, the TJOWL Base Administrator
(arrows 1 and 2) starts by supplying a JSON instance document [3] (arrows 1’ and
2”), which stores temporal big data, as input to the “Ontology Building” module. This
latter first generates a JSON Schema [5,6] (arrows 3 and 4) for the supplied JSON
instance document, by calling the sub-module “Schema Extraction”, and then con-
verts this JSON Schema file into an OWL 2 ontology schema (arrow 5), by calling the
sub-module “Ontology Generation”.

More details on the architecture of tJOWL and the implementation of the two sub-
modules “Schema Extraction” and “Ontology Generation” can be found in [31, Sec.
2]. Notice that the TJOWL Base is designed to store both big data and their ontolo-
gies. For that reason, to support the storage, at the same time, of JSON files, JSON
Schema files, and OWL 2 files, the TJOWL Base could be either a (document-
oriented) NoSQL database [40,41], or a multi-model database [42].

Notice also that tJTOWL considers OWL 2 ontologies with an RDF/XML syntax
[32] that is the only syntax that must be supported by all OWL 2 tools, as required in
the OWL 2 specification document [33].

3 Management of Implicit Ontology Schema Changes Triggered by
Non-conservative JSON Instance Updates

In this section, we present our approach for managing implicit ontology schema
changes generated by non-conservative JSON instance updates, in tJOWL.

As mentioned above, TJOWL is temporal and supports versioning at both instance
and schema levels. Consequently, each instance update IU, when applied on some
JSON instance document version D_V; (i>=1) that is conformant to some JSON
Schema version S_V; (7>=1) and some OWL 2 ontology schema version O_V; associ-
ated to (and derived from) S V;, leads to a new JSON instance document version
D Vi If D_Vi is still conformant to S_Vj, then IU is conservative; otherwise, U is
non-conservative and, as a consequence, the execution of two tasks is implicitly trig-
gered (within the same update transaction): (1) a new JSON Schema version S_ Vi1,
to which D_Viy; is conformant, is generated, and (2) a new OWL 2 ontology schema
version O_Vjy; is automatically derived from S_Vij..

Notice that the instance update U is a sequence of JSON instance update opera-
tions, specified in some JSON update language like JUpdate [34] or tJUpdate [35].
Therefore, IU must include at least one instance update operation that has an effect on
the schema version of the updated JSON document version, like renaming a JSON
object or a JSON object member, or replacing the current value of an object member
with a new value that is not conformant to the type of this object member (specified in
the corresponding JSON Schema version).

Non-conservative instance updates require then implicit JSON Schema changes to
be executed, at schema level, so that they could be correctly performed. Moreover, the
execution of such implicit JSON Schema changes has an immediate impact on the
ontology side of tTJOWL: the (temporal) OWL 2 ontology schema, which is related to



the implicitly changed (temporal) JSON Schema, is consequently changed in an im-
plicit and automatic way. Notice that, for changing ontology schema, we are re-using
the set of ontology schema change operations that we have defined in our previous
work [38,39]. In these previous papers, we have shown that each ontology schema
change operation is sound, i.e., its application to a (consistent) ontology leads to a
new consistent ontology (and does not give rise to any inconsistency).

The functioning of our approach is formalized via the algorithm shown in Fig. 2
and named “UpdateJSONInstances WithImplicitOntologySchemaVersioning”.

ALGORITHM UpdateJSONInstancesWithimplicitOntologySchemaVer-
sioning

Inputs: JIU, JID V,, JSD Vp, OSD Vp

Outputs: JID V.1, IJSC, JSD Vmei, OSC, OSD Vi:

BEGIN

UpdateJSONInstanceDocument (JIU, JID V., JID Vui1, IJSC);

Display (“Execution of instance updates.”);

If (empty(IJSC)==false) Then
GenerateNew]JSONSchemaVersion (IJSC, JSD Vi, JSD Vm1) ;
PropagateSchemaChangesToJSONInstances (IJSC, JSD Vq) ;
DeriveOntologySchemaChanges (IJSC, JSD Vn, OSD V., OSC);
GenerateNewOntologySchemaVersion (0SC, 0SD V., O0SD Vm1) ;
Display (“With execution of implicit schema changes.”);

Else
Display (“No implicit schema changes are required.”);

EndIf

END

Fig. 2. The algorithm for applying updates to a JSON instance document version possibly with
implicit ontology schema versioning

This algorithm uses a set of input and output variables and calls a function and a
set of procedures. They are all described below.

e Input variables:

- JIU: a (valid) sequence of JSON instance updates specified by the TJOWL base
administrator using the JUpdate or the tJUpdate language.

- JID_V.: a (valid) JSON file that represents the current JSON instance document
version (number n, with n>=1).

- JSD Vu: a (valid) JSON Schema file that represents the current JSON Schema



document version (number m, with m>=1) to which JID V, is conformant.

OSD Vp: a (valid) OWL 2 file that represents the current OWL 2 ontology
schema version (number m) which results from the conversion of JSD Vy, to an
OWL 2 file.

Output variables:

JID_ Vyi1: a (valid) JSON file that represents the new JSON instance document
version (number n+1, with n>=1).

1JSC: a (valid) sequence of implicit JSON Schema changes automatically gener-
ated by the system during the execution of the sequence of JSON instance up-
dates JIU.

JSD Vp+1: a (valid) JSON Schema file that represents the new JSON Schema
document version (number m+1, with m>=1) to which JID_ V1 is conformant.

OSC: a (valid) sequence of OWL 2 ontology schema changes automatically
generated by the system based on the sequence of implicit JSON Schema chang-
es IJSC.

OSD Vit a (valid) OWL 2 file that represents the new OWL 2 ontology
schema version (number m+1) which results from the conversion of JSD_ V41
to an OWL 2 file.

Function:

empty(IJSC): it returns either true if the sequence of implicit JSON Schema
changes IJSC (passed as argument) is empty, or false otherwise.

Procedures:

UpdateJSONInstanceDocument(JIU, JID V,, JID_V,1, IJSC): it applies the se-
quence of JSON instance updates JIU on the JSON instance document version
JID_V, (n>=1) to produce the new JSON instance document version JID V4
and possibly a sequence of implicit JSON Schema changes 1JSC that could re-
quire interaction with the tJOWL base administrator.

Display(message): it displays the message (a string) passed as argument.

GenerateNewJSONSchemaVersion(IJSC, JSD _Vp, JSD_Vn+1): it creates a new
JSON Schema version JSD V1 (m>=1) by applying the sequence of implicit
JSON Schema changes IJSC on the current JSON Schema version JSD_ V.

PropagateSchemaChangesToJSONInstances(IJSC, JSD Vy,): it propagates the
effects of the sequence of implicit JSON Schema changes 1JSC to all JSON in-
stance documents that are conformant to the previous JSON Schema version
JSD_Vu (m>=1). Hence, this procedure generates a new version of each one of
these JSON instance documents, which must be conformant to the new JSON



Schema version JSD_ V1.

- DeriveOntologySchemaChanges(IJSC, JSD V., OSD V., OSC): it derives,
from the sequence of implicit JSON Schema changes IJSC that act on the cur-
rent JSON Schema version JSD Vy,, the sequence of OWL 2 ontology schema
changes OSC that act on the current OWL 2 ontology schema version OSD Vi,

- GenerateNewOntologySchemaVersion(OSC, OSD_Vp, OSD_V+1): it creates a
new OWL 2 ontology schema version OSD Vi1 (m>=1) by applying the se-
quence of OWL 2 ontology schema changes OSC on the current OWL 2 ontolo-
gy schema version OSD_Vp,.

4 Application Example

To exemplify the functioning of our approach, let us consider the case of a JSON-
based NoSQL data store used by a scientific research laboratory for the management
of researchers’ data. Let us assume that, in order to make such a management more
“intelligent” as far as access, query and analysis of researchers’ data are concerned,
the director of the laboratory decides to deploy an ontology of data, with the CWA,
within a tJOWL framework.

Assume that on March 01, 2023, the TJOWL Base Administrator created (or im-
ported) a JSON instance document, named “ResearchersJSONInstances V1.json” (as
shown in Fig. 3), which stores data on researchers (the ORCID, the name, the disci-
pline, characterized by an id and a description, and the h-index of each researcher).
Due to space limitations, this example presents only one researcher named “Tarak
Ziad”, his ORCID is “0000-1111-2222-3333”, his discipline is “Computer Science”
(description) with an id equal to 1, and his h-index is 9. After that, he/she invoked the
“Ontology Building” module (as shown in Fig. 1) of tJOWL to automatically build an
OWL 2 ontology for these JSON data. In fact, this module starts by extracting the
JSON Schema file, named “ResearchersJSONSchema V1.json” (as shown in Fig. 4),
of the provided JSON instance document (of Fig. 3), by calling the “Schema Extrac-
tion” sub-module, and then it generates the OWL 2 ontology file, named “Re-
searchersOntologySchema V1.owl” (as shown in Fig. 5), corresponding to the ex-
tracted JSON schema, by calling the “Ontology Generation” sub-module.

{ "researcher":{
"ORCID": "0000-1111-2222-3333",
"name": "Tarak Ziad",
"discipline": { "id": 1,
"description": "Computer Science"},
"h-index": 9 } }

Fig. 3. The JSON instance document of researchers (“ResearchersJSONInstances V1.json”) on
March 01, 2023




{ "type": "object",
"properties":
{ "researcher":
{ "type": "object",
"properties":
{ "ORCID": { "type": "string" },
"name": { "type": "string" 1},
"discipline":
{ "type": "object",
"properties":
{ "id": { "type": "integer" },
"description": { "type": "string" } } 1},
"h-index": { "type": "integer" } } } } }

Fig. 4. The generated JSON Schema of researchers (“ResearchersISONSchema V1.json”) on
March 01, 2023

<rdf:RDF>
<owl:Ontology rdf:about="http://my_onto/researcher_ontology#">

<owl:Class rdf:about="researcher"/>
<owl:DatatypeProperty rdf:about="ORCID">

<rdfs:domain rdf:resource="researcher"/>

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string"/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:about="name">

<rdfs:domain rdf:resource="researcher"/>

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string"/>
</owl:DatatypeProperty>
<owl:Class rdf:about="discipline"/>
<owl:DatatypeProperty rdf:about="id">

<rdfs:domain rdf:resource="discipline"/>

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#int"/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:about="description">

<rdfs:domain rdf:resource="discipline"/>

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string"/>
</owl:DatatypeProperty>
<owl:ObjectProperty rdf:about="researcher Has discipline">

<rdfs:domain rdf:resource="researcher"/>

<rdfs:range rdf:resource="discipline"/>
</owl:0bjectProperty>
<owl:DatatypeProperty rdf:about="h-index">

<rdfs:domain rdf:resource="researcher"/>

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#int"/>
</owl:DatatypeProperty>
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</owl:0Ontology>
</rdf:RDF>

Fig. 5. The generated OWL 2 ontology schema of researchers
(“ResearchersOntologySchema_V1.owl”) on March 01, 2023

Furthermore, assume that on April 01, 2023, the tTJOWL Base Administrator up-
dated the current JSON instance document version (as shown in Fig. 6), by applying
the following JSON instance updates on the researcher whose ORCID is “0000-1111-
2222-3333”:

e update the value of the object member “name” from “Tarak Ziad” to “Tarak Ben
Ziad”;

o replace the old value of the object member “discipline” (having an “object” type)
with a new value “Computer Science” with string type;

e add to the “researcher” object two new object members: the first “citations” with
the integer value 222 and the second “publications” with the integer value 39;

e rename the object members “name” and “h-index” to “fullName” and “scopusH-
index”, respectively.

In a more technical way, we suppose that the tJOWL Base Administrator has spec-
ified the above instance updates using the JUpdate language [34]. The sequence of
JSON instance update operations could be as follows:

UPDATE ResearchersJSONInstances VI1.json
OBJECT S$.researcher[? (R.ORCID=='0000-1111-2222-3333")]
SET name="Tarak Ben Ziad", discipline="Computer Science";

ALTER DOCUMENT ResearchersJSONInstances V1.json
OBJECT $.researcher[?(@.ORCID=='0000-1111-2222-3333")]
ADD MEMBER citations VALUE 222;

ALTER DOCUMENT ResecarchersJSONInstances V1.json
OBJECT S$.researcher[? (R.ORCID=='0000-1111-2222-3333")]
ADD MEMBER publications VALUE 39;

ALTER DOCUMENT ResecarchersJSONInstances V1.json
OBJECT $
RENAME MEMBER $.researcher.name TO fullName;

ALTER DOCUMENT ResearchersJSONInstances V1.json
OBJECT $
RENAME MEMBER $.researcher.h-index TO scopusH-index;

Notice that, in the above sequence, except the first instance update operation that is
conservative (i.e., it respects the JSON Schema version, as shown in Fig. 4, associated
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to the JSON instance document version which is under update), the other operations
are all non-conservative.

The execution of the above sequence of instance update operations on the first
JSON instance document version of researchers (“ResearchersJSONInstanc-
es_Vl1.json”, shown in Fig. 3) generates a new version named “Researchers]SONIn-
stances_V2.json” (as shown in Fig. 6). Furthermore, and since the above sequence
includes non-conservative operations, such an execution also produces, in a transpar-
ent way, a sequence of implicit JSON Schema change operations. This latter is auto-
matically applied on the first JSON Schema version (“ResearchersISONSche-
ma_V1.json”, shown in Fig. 4) to obtain a new JSON Schema version, named “Re-
searchersJISONSchema V2.json” (as shown in Fig. 7), for the new JSON instance
document version (shown in Fig. 6) Then, and within the same update transaction, the
system also derives, from the generated sequence of implicit JSON Schema change
operations, an equivalent sequence of OWL 2 ontology schema change operations,
and applies it on the first OWL 2 ontology schema version (“ResearchersOntology-
Schema V1.owl”, shown in Fig. 5) to obtain a new OWL 2 ontology schema version,
named “ResearchersOntologySchema V2.owl” (as shown in Fig. 8). Notice that “Re-
searchersOntologySchema V2.owl” is the second OWL 2 ontology schema version
corresponding to the updated JSON Big Data instances stored in “Research-
ersJSONInstances_V2.json” of Fig. 6. Changes are evidenced in red bold typeface.

Notice that we have defined all necessary JSON Schema change operations in our
previous work on schema versioning in a temporal JSON-based NoSQL setting
[36,37], and all useful OWL 2 ontology schema change operations in our previous
work on schema versioning in a temporal OWL 2 Semantic Web context [38,39].

As for the implicit relation between non-conservative JSON instance update opera-
tions, JSON Schema change operations, and OWL 2 ontology schema change opera-
tions, we illustrate it below via the simple case of rename something. For example, for
the following JSON instance update operation:

ALTER DOCUMENT ResearchersJSONInstances V1.json
OBJECT $
RENAME MEMBER $.researcher.name TO fullName;

the following JSON Schema change operation will be implicitly generated:

RenameProperty (ResearchersJSONSchema V1.json,
$.properties.researcher.properties.name, fullName)

and the following OWL 2 ontology schema change operation will be also derived:

RenameDataTypeProperty (ResearchersOntologySchema V1.owl,
name, fullName)

{ "researcher":{
"ORCID": "0000-1111-2222-3333",
"fullName": "Tarak Ben Ziad",
"discipline": "Computer Science",
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"scopusH-index": 10,
"citations": 222,
"publications": 39 } }

Fig. 6. The JSON instance document of researchers (“ResearchersJSONInstances_V2.json”) on
April 01,2023

{ "type": "object",
"properties":
{ "researcher":
{ "type": "object",
"properties":
{ "ORCID": { "type": "string" },

"fullName": { "type": "string" },
"discipline": { "type": "string" },
"scopusH-index": { "type": "integer" 1},
"citations": { "type": "integer" },

"publications": { "type": "integer" } } } } }

Fig. 7. The generated JSON Schema of researchers (“ResearchersISONSchema V2.json”) on
April 01,2023

<rdf:RDF>
<owl:Ontology rdf:about="http://my_onto/researcher_ontology#">

<owl:Class rdf:about="researcher"/>
<owl:DatatypeProperty rdf:about="ORCID">

<rdfs:domain rdf:resource="researcher"/>

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string"/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:about="fullName">

<rdfs:domain rdf:resource="researcher"/>

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string"/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:about="discipline">

<rdfs:domain rdf:resource="researcher"/>

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#string"/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:about="scopusH-index">

<rdfs:domain rdf:resource="researcher"/>

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#int"/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:about="citations">

<rdfs:domain rdf:resource="researcher"/>

<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#int"/>
</owl:DatatypeProperty>
<owl:DatatypeProperty rdf:about="publications">
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<rdfs:domain rdf:resource="researcher"/>
<rdfs:range rdf:resource="http://www.w3.0rg/2001/XMLSchema#int"/>
</owl:DatatypeProperty>
</owl:0Ontology>
</rdf:RDF>

Fig. 8. The derived OWL 2 ontology of researchers (“ResearchersOntologySchema V2.owl”)
on April 01, 2023

5 Conclusion

In this paper, we have proposed an approach for an automatic management of implicit
ontology schema changes that are triggered by non-conservative updates to JSON-
based Big Data instances, in the tTOWL environment.

We think that our approach makes the management of ontology schema versioning
more flexible and more user-friendly, as it allows to apply JSON instance updates that
do not “respect” the current implicit JSON schema version and consequently the cur-
rent ontology schema version. Moreover, our proposal facilitates the specification, in
a progressive manner and driven by instance updates, of the correct ontology schema
of some JSON-based Big Data instance document whose complete and precise struc-
ture is not fully known at its creation time. We think also that our approach could
easily be applied in a context that is different from tJOWL since it is designed in an
environment that is independent from any technology (i.e., from any DBMS, API,
software, JSON tool, programming language, ...). It depends only on (i) the JSON
format, which is the most widely used model for big data storage and management,
(i1) the JSON Schema language, which is recommended by the IETF for defining
structures of JSON documents, and (iii) the OWL 2 language, which is recommended
by the W3C for Semantic Web ontologies.

In order to show the feasibility of our proposal, we plan in the near future to im-
plement our approach as a new module within the TJOWL-Manager tool that is being
developed to support the whole TJOWL framework. Such a module will allow us to
experimentally evaluate the scalability and performances of our proposal.

Last but not least, in the future we plan to deal with the effects of implicit ontology
schema changes on the programs which are using these ontologies. In fact, when an
ontology schema evolves, all ontology instance update statements (specified e.g. in
SPARQL 1.1 Update [43]) and ontology queries (specified e.g. in SPARQL [44], T-
SPARQL [45], SWRL [46], SQWRL [47], or TSQWRL [48]), which are written
against such an ontology schema, should be revised in order to take into account the
new ontology schema version. These revisions could be automatically performed on
the program source codes, in parallel with the execution of implicit ontology schema
changes.
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