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1 Introduction

Crime is a controversial social hazard, spreading across the globe. As pointed by
Ghani in [1], the root cause of crime rate escalation across the world is identified as
urbanization. The author further elaborates in the paper, how this actually happens.
As claimed by Ghani [1], many rural residents progressively approach to suburban
and city areas assuming they would get more business, occupational opportunities
and a comfortable life zone. Even though, the majority will not succeed to attain
these goals. In fact, they will start to experience, higher cost of living in suburban
areas compared to the rural life habitats they are familiar with. Therefore, soon,
this becomes unbearable for many, and it will act as the catalysts to incept criminal
activities [1, 2]. As elaborated by Badiora and Afon in [3], these crime rates are
escalating at an alarming rate, adversely affecting the socio-economic and quality
of life. Both Ajaegbu [4] and Katsina [5] argue unemployment and the economic
hardships mixed with urbanization are the main triggering points for deadly crimes.

As there is emerging enthusiasm growing in semantic Web-based technologies,
it is decided to seek the potentials of using semantic technologies to resolve the
problem of crime escalation.

With the introduction of the semantic Web, the whole Internet has become a Web
of knowledge. This has become even more fascinating as the knowledge represented
in the semantic Web is machine-readable [6]. Even though construction of a domain
constrained semantic Web or in other words, an ontology from the scratch is not an
easy task [7], as there are no fully automated methods identified up to date. Human
intervention is essential for knowledge verification [8].
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Therefore, asmentioned above, a few facts are apparent. Those would be ontology
construction is not an easy task [7, 8]. But if created, the advantages of it would
be ample, as of their machine and human readability [6]. Therefore, as much as
possible maximum benefits should be derived from created ontologies. Even though,
obtaining maximum outcomes from created ontologies have become impossible due
to two main causes.

One is the difficulty of understanding the schematic structure of a defined ontol-
ogy or the knowledge model [9, 10, 11]. Because without knowing the schematic
structure, knowledge retrieval from an existing ontology would not be feasible [12,
11]. The second aspect is the requirement of high technical knowledge to understand
a schema and necessity of writing queries for knowledge retrieval [11, 12, 13]. Both
these facts imposing a great barrier on ontology reusability as well as knowledge
comprehension presented in ontology formats [7, 14]. Therefore, the implications
of this will affect both technical and non-technical audiences in multiple ways [15].
Additionally, most of the hardly created ontologies will become stagnated soon on
the Internet, wasting intellectual and cognitive efforts of the creators [7].

Crime domain as a whole is a very vast discipline with lots of sub-regions as
weapons, standard operational procedures (SOPs), evidence gathering, etc. [16].
Ontologies being domain rich conceptualizations [17], what if, a specific sub-region
related crime domain knowledge is presented in the form of an ontology? Then, with
the introduction of the proposed knowledge discovery framework, despite all the
technical barriers conversed above, non-technical criminologists, criminology stu-
dents also can infer the knowledge represented via the ontology. Because suggested
knowledge extraction framework is capable of encapsulating complex schematics
and querying barriers related to the ontology and presenting the stored knowledge
in natural English. Non-tech crime specialists and students are also language liter-
ate, and hence, suggested frameworkwill efficiently disseminate relevant information
amidst specialists and students, facilitating investigations and learning requirements.
This is one potential use case of the suggested framework and crime domain. But,
this framework is not only limited to the crime domain. It is planned to design as a
domain and schemata independent framework, to support the rapid growth of use in
semantic technologies, both inside and outside the computing domain, facilitating
non-technical consultants’ usage requirements as well [15, 18].

Therefore, this paper is focusing on proposing an architectural design, leading
towards a domain and schema independent, semantic knowledge-based, knowledge
extraction framework, to maximize the use of existing knowledge models and at the
same time facilitates natural language-based knowledge dissemination among both
newly created or existing knowledge models, making them to be the main research
contributions.

The remaining section of the paperwill discuss, about relatedworks,methodology,
results and discussion and conclusion, respectively.
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2 Related Work

Ontologies are domain rich conceptualizations. This is how Spasic et al. have defined
ontologies in [17]. Ontologies can be defined to present knowledge associated with
any domain. Currently, also there are thousands of already defined ontologies avail-
able on the Internet. Few of the locations where you could access these predefined
ontologies are on Vocab.org [19], Swoogle [20], LOV [21] and Protégé Wiki [22].
AberOWL [23] and BioPortal [24] are two other important ontology repositories,
which contains thousands of biomedical ontologies. Additionally, Covert To RDF
[25] provides numerous converters capable of translating comma-separated values
(CSV) and spreadsheet-based data into Resource Description Framework (RDF) for-
mat. (RDF) or OWL (Ontology Web Language) formats, are the most popular for-
mats for semanticWeb knowledge representations [26]. Protégé IDE for the ontology
development also promotes a variety of plugin series [27] which are capable of con-
verting a variety of data formats into above-listed RDF or OWL formats. Therefore,
as conversed above, it is very apparent that there are plenty of existing ontologies
and ontology browsers as well as alternative mechanisms of converting information
dispersed across theWeb into semanticWeb friendlier formats. This is good evidence
to show the current enthusiasm towards semantic Web-based technologies. Conse-
quently, it can be determined as there is enormous potential for ontology reusability
and ontology creations.

Even though, as already conversed above, complexity in understanding the
schemas, ontology querying barriers, inability associated with comprehension of
OWL or RDF-based technical representations act as main bottlenecks for both tech
and non-tech audiences in hindering the ontology reusability and creation [9, 10, 11,
12, 13] despite the above-discussed potentials.

As we are trying to align the application outcomes of this research towards the
criminal domain due to the timely relevance of that region, next it will be investigated
on what are the already existing intelligent computational prototypes linked with the
criminal domain analysis. As the first result, it is locatedMasitha et al. had attempted
in [28] to come up with a crime ontology with the intention of facilitating relevant
officials to react quickly on crime matters. In this research, they have constrained
their crime domain to motorcycle thefts only because crime, in general, is a very vast
subject discipline [16]. Researchers have initially investigated multiples of criminal
case reports and determined a few important elements as vital in extracting crime
information.

After this, they have come up with a taxonomized structure representing the inter-
relations among identified components to assure methodical storing of crimerelated
information collected. Eventually, the designed ontology is implemented via the Top-
Braid Standard composer tool. Additionally, researchers have developed a case base
repository to store information associated with similar types of cases occurred in
past. Once the user enters the new information about the reported case, initially it
will be reasoned by the implemented crime ontology, and afterwards, crime ontology
will talk with the relevant case base and will extract out the most related set of past
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crimes occurred, evidence collected, decisions arrived and variety of other necessary
information.

As the next finding, another ontology and decision support system [29] working
in combination to reason about evidence collected from a crime scene. Investigation
analysis of complex and dynamic crimes is not an easy task.

There need to be established and carefully governed procedures [29]. In fulfilling
this requirement, having an ontology in place to guide the respective decision sup-
port systems as needed for the crime investigation mining will enhance the overall
throughput of the entire process.

Likewise, this discussion can be continued as there are a sufficient amount of
researches where intelligent systems have been developed for the criminal domain.

The accuracy, reliability and practicality of these knowledge models would be
high in value as those are developed and tested by teams of professors, researchers
and experts in the respective fields [30]. Even though, the plight is, criminologists
and students following criminology pathways are not computer specialists. Hence,
they cannot comprehend the valuable pieces of knowledge expressed, in semantic
Web forms though they are available free of charge on the Internet [26]. Authors
of this paper consider this as an utter cognitive and intellectual waste of the experts
and researchers who are involved in developing those knowledge structures as they
become soon stagnant on theWeb, after serving one specific purpose. From the other
hand, computational reusability of those will also become very low due to the diffi-
culties of comprehending complex schematics, as being ignorant about the schema,
querying for knowledge retrieval will be infeasible [9, 10, 11, 12, 13]. Therefore,
what if there is a framework introduced, which can overcome those technical barriers
and hurdles associated with effective knowledge reusability and dissemination?

For instance, as one practical use case, assume the process of training criminology
officers, detectives and investigators. They need to gain a comprehensive knowledge
of crime types, evidence gathering procedures, crime analysis, etc. [31]. In fulfilling
these purposes, there are ample of carefully designed knowledge models available in
popular semanticWeb formats on the Internet, mostly free of charge [16]. If required
formats of knowledge models are not available, these could be created through col-
laborative efforts of computer scientists and criminology domain specialist. In fact,
this could be a one-time effort. Because then the created knowledge models can
be used again and again over batches of criminology students and specialists for
effective knowledge dissemination assuring knowledge reusability aspects as well.

Next, what about the existing frameworks based knowledge extraction fromOWL
or RDF knowledge models? Subsequently, it is decided to widen up the literature
investigation on the assessment of similar frameworks.

Ghorbel et al. proposed a tool by the name “Memo Graph” in [32]. This is an
ontology taxonomy visualization tool. It will depict the taxonomic structure of the
ontology in visual forms. But, we cannot expect non-technical audiences to look
at taxonomy and get an idea to query the ontology. Because still, SPARQL-based
querying will be a barrier for them in knowledge retrieval. Another similar type of
system located is Semantic Web Portal developed by Ding et al. [33]. Going beyond
the graphical visualization of the taxonomical structure of the ontology, this system
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is capable of visualizing the triple structure as well. Furthermore, as claimed by Ding
et al. in [33], this system can work with any domain. Even though, there is a major
bottleneck. That is before applying SemanticWeb Portal to a selected domain, portal
ontology needs to be created. Portal ontology provides domain associated axioms,
facilitating the operation of SemanticWeb. Therefore, again, it is not acceptable from
a non-technical user to create a portal ontology, to feed the domain knowledge to
the Semantic Web Portal. Further, this tool does not have the feature of knowledge
extraction and presentation in natural language.

Other than those visualization tools, in [34], teamof researchers have implemented
a systemwhich is capable of natural languagequeryingof anontology.However, it is a
static, domain and schema-dependent software. In their research, they had created an
accommodation ontology and English to SPARQL conversion, and SPARQL queries
are statically mapped to the accommodation ontology. Hence, the structure proposed
in [34] is not a framework which is capable of the domain and schema-independence
analysis as it is statically bound to one specific ontology only.

Therefore, as reviewed so far, the following reflections can be derived. There is
great enthusiasm over the use of semantic technologies to overcome, recurring social
issues. Even for the considered criminal domain also, it is possible to locate multi-
ples of intelligent systems already deployed. Even though, as previously pointed
out in the literature review above, semantic technologies are not doing good in
the dimensions of knowledge reusability and dissemination. Further, there are no
proper existing frameworks located, which are capable of natural language-based
knowledge extraction from popular semanticWeb formats with domain-independent
knowledge models. Therefore, as the gap of this research, it can be concluded the
issues associated with poor performance in reusability and dissemination aspects of
the semantic technologies and none existence of domain and schema-independent,
natural language-based knowledge extraction framework. Consequently, the remain-
der of this paper is emphasizing on a proposed architectural design leading towards
the framework to address the above-listed gaps, which could be interpreted as the
contribution of this research.

3 Methodology

In the process of finalizing an appropriate architecture for this framework, it is iden-
tified in [35], a group of researchers have suggested the concept of divide and con-
quer. As they have pointed out, attempting to fulfil all the tasks from one module
will increase the complexity and coupling associated with the module. In [36], they
further suggest the definition of a complex problem space via multiple resolution
layers will provide the opportunity of attention to detail in knowledge modelling and
analysis aspects, and it will further prevent the single module being flooded with
lots of information and resulting with complex schematic structures or conditions.
Therefore, considering those suggestions, as the first decision point it is concluded
that the proposed framework should also comprise with multiple resolution layers,



316 K. Vidanage et al.

and hence, the process of knowledge extraction in natural language from RDF and
OWL knowledge models is not an easy, straightforward task.

As the next step, arguments presented in ontology designing aspects are con-
sidered. Multiple of researchers have justified ontologies would be the strongest
conceptual representations associated with elaborating a complex domain, and they
would be ideal in process enforcement as well [6, 8]. Here, in this research also,
knowledge extraction from RDF/OWL knowledge models is also a complex pro-
cess, which needs to be enforced carefully. Therefore, recommendations provided in
numerous research papers evaluated confirmed the intention of using ontologies for
this research as well. Next, question is how to determine the architecture or the struc-
ture of the ontology? For this concern, Sowa [37] has provided a good explanation in
his research paper. As a claim by Sower [37], there are multiple types of ontologies.
Top-level ontologies describe more generalistic concepts associated with a “Thing”.
When gradually reaching from top to bottom, knowledge represented in ontologies
will also vary from meta-concepts to application and from application to the domain
and at the bottommost layer, having task ontologies focusing on specified aspects
associated with the considered domain. In this research, the process of knowledge
extraction from a given RDF/OWLmodel is domain-independent. Therefore, it con-
firms that an upper-level ontology needs to be designed as the considered procedure
for knowledge extraction is not domain-specific, and it is generalistic.

Smith proposes [38] mechanics theory, which is enforcing on procedures
than declarative aspects associated with the domain. Researchers have recognized
mechanics theory to be much appropriate in constructing task ontologies. Helix spin-
dle theory [39] comprises three main stages which are continuing in an incremental
manner until a satisfied criterion is met. The first stage is the conceptualizing stage.
In this stage, in-depth brainstorming and conceptualizing will take place, pertaining
to the considered use case. The output of this phase would be a natural language-
based reflective description of the finalized mental image. Then, the second phase
would be the elaboration phase, where this natural language description derived from
phase one will be graphically represented via a taxonomical structure. Eventually,
the final phase would be the definition phase, where the ontology construction will be
completed with the required knowledge injections. All these phases are iterative and
incremental and should be logically interconnected with each phase as necessary.

Therefore, it is decided to use helix spindle method [39] for the taxonomy deriva-
tion of the ontology and mechanics theory [38] for the knowledge injection to the
created taxonomic structure. The step-wise progression of themethodology followed
is graphically presented in Fig. 1, depicted below.

4 Results and Discussions

Figure 2 illustrates the communicational architecture in between the instructional
upper ontology and the relevant decision support systems integrated to the respective
endpoints of the upper ontology.
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Fig. 1 Overall flow of the methodology

Instruc�onal Upper Ontology: Responsible
in en�re process enforcement

1. Schema�c Resolu�on 
Module

2. Domain Resolu�on Module

3. Knowledge Extrac�on Module

5. Knowledge Dissemina�on Module 4. Natural Language Genera�on Module

Fig. 2 Communicational architecture in between instructional upper ontology and decision support
systems the relevant
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Natural language-based knowledge extraction from RDF or OWL semantic for-
mats is not an easy task. Hence, to methodically perform the task according to the
enforced process by the instructional upper ontology, multiples of DSS systems are
introduced. Knowledge extraction from RDF or OWL-based semantic formats is
executed through multiple resolution layers, synchronized under the control instruc-
tional upper ontology. Figure 3 mentioned will elaborate on the step-wise execution
of the knowledge extraction process associated with the uploaded RDF/OWL-based
knowledgemodel file. Each cell in Fig. 3 clearly elaborates the steps to be executed in
one after another sequentially, from start to end. This entire process can be governed
by the communicational architectural structure proposed in Fig. 2.

InputOWL / RDF formats of the selected knowledge model

Or
Newly created knowledge model in OWL/RDF formats

Schema�c Resolu�on Module: Responsible in Extrac�ng 
Knowledge models’ schema�c structure to a 

predetermined template format, facilita�ng decision 
analysis

Domain Resolu�on Module: Responsible in Extrac�ng 
Knowledge models’ triple structures to a predetermined 

template format, facilita�ng decision analysis

Knowledge Extrac�on Module:Responsible in knowledge 
mining and decision analysis via inferencing two filled 

template structures derived in above two phases

Natural Language Genera�on Module: Responsible in 
using the extracted opinioned lexicons / phrases from 

above phase and use them for Natural Language 
Genera�on

Knowledge Dissemina�on Module:Responsible accep�ng 
open ended natural language querying from end users  and 

disseminate respec�ve answers via knowledge mining

Start

Stop

Fig. 3 Overall execution flow of the proposed framework
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5 Evaluation

An evaluation strategy can be planned as mentioned in below Fig. 4, to assess the
efficacy of the proposed framework for knowledge extraction from semantic Web-
based knowledge models.

Figure 4 suggests creating a suitable ontology, covering a sub-discipline related
to the crime domain, unless if no appropriate existing ontology is located. The ideal
mechanismwill be to create a suitable ontology covering a specialized sub-discipline
associated with the crime domain. This can be done via brainstorming with a few
crime specialists on a selected crime domain.

A Seek for exis�ng RDF / OWL based CrimeKnowledge models 

Start

B Upload the knowledge to the framework

C Let the framework extract Crime Knowledge of the model in          
Natural Language 

F

E

Enter few open ended ques�ons to the framework, related to 
the crime knowledge represented via the knowledge model 

A Brainstorm with Crime Specialist and create a simple  
Knowledge model on a considered crime sub discipline. (i.e. 
Portege can be used for this requirement) 

D Let the crime specialist go through the extracted knowledge   
as means of cross referencing mechanism. 

Evaluate the accuracy of the answers generated via a crime 
specialist as means of a cross reference ring mechanism.

End

If 
[Found]

True

False

Fig. 4 Suggested evaluation strategy



320 K. Vidanage et al.

Table 1 Test statistics of the
proposed architecture

Measurement Accomplishment

Sensitivity 0.78

Precision 0.90

Accuracy 0.86

F-measure 0.80

Crafted ontology can be presented to the suggested framework either as an OWL
document or an RDF document. Then, let the framework extract the axioms stored in
the ontology and verbalize it in natural English. Henceforth, the verbalized contents
can be cross-referenced with the crime specialists who have involved in the ontology
creation phase. Then, through their instincts on verbalized output, it can be verified
is there any information or important aspects have been missed/lost. Using it as
the main evaluation platform, a confusion matrix can be derived to determine the
true positives, false positives, false natives and true negatives associated with the
verbalized output and ontology contents.

Via the usage of those parameters, evaluationmatrices such as recall, precision and
F-measure can be derived, to numerically asses the throughput of the verbalization
process.

Table 1, depicts the test statistics derived, after exercising the above framework
on a crafted crime ontology. Verbalized results are cross-referenced with crime spe-
cialists, and Fig. 5 demonstrates the mechanisms associated with deriving of true
positives, true negatives, false positives and false negatives leading towards the test
statistics calculations presented in Table 1.

Fig. 5 Verbalized results assessment
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For the experimented scenario of crime knowledge ontology, proposed
architecture-based verbalizer has presented a reasonable performance with an
approximate overall accuracy above 80%. Even though, it is suggested to verify
the performance of this architecture, via exercising it on multiple more knowledge
models obtained from a variety of domains.

6 Conclusion

As a futuristic resolution, authors of this paper have proposed an architectural struc-
ture for a potential framework which could resolve the technical barriers associated
with the effective use of new and existing semantic Web-based knowledge models.
Further, as a functional outcome of the proposed framework, it will facilitate natu-
ral language-based information dissemination, allowing criminologists, detectives,
police officers and students to experience the benefits of the semantic Web, though
they are not ontologists or computer specialists. Finally, as the main contribution of
this research, the practical applications of this suggested frameworkdesignwillwiden
the horizons of semantic Web-based knowledge comprehension and dissemination
as its applications are not limited to the crime domain only, making a progressive
step for the betterment of mankind.
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