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Abstract—The exponential growth of information on the Web
has prompted the introduction of new technologies such as
Semantic Web and Common Sense knowledge bases. While there
are different models available to present information, RDF, as
the cornerstone of Semantic Web technologies, has a dominant
place for formats suitable both for human interactions and
machine understanding. In this paper we present ConceptRDF,
a conversion of ConceptNet, as one of the largest common sense
knowledge bases available for public use, to RDF/XML format,
suitable for use in different ﬁelds of information retrieval.

I. I NTRODUCTION
Semantic Web paradigm, has gained a considerable amount
of traction in recent years. On the other hand, the expansion of
internet, without an agreed upon mechanism to organize and
retrieve information has introduced different approaches for
organizing and retrieving information. To simplify the retrieval
process from the textual body of the Web, many research
groups have introduced different knowledge bases which have
gained popularity based-on the extent of information presented
in them, the simplicity of information retrieval from them and
the maintenance and support which has been provided for
them.
An important issue which prohibits the ﬂow of information
to different knowledge bases is lack of consensus in their
syntaxes and the diversity of their information presentation.
One of the solutions for the ﬁrst part, as many research groups
have worked on, is to create a uniﬁed upper level ontology,
which provides simplistic syntaxes and follows clear rules for
presenting relationships and entities in any knowledge ﬁeld.
The other approach is to convert different knowledge bases
to semantic Web format using different ontologies to add
more functionalities which can make use of these knowledge
bases in semantic Web ﬁeld. In this paper we follow the
second approach to present our methodology and steps for
converting ConceptNet [12] [21], one of the biggest common
sense knowledge bases available, to RDF/XML [11] format.
We believe that RDF model, as the cornerstone of Semantic Web, combined with other related technologies (such as
SPARQL [19] for querying over RDF, OWL [13] to create and
unify ontologies) can be the technology to be used to integrate
all the data available in different knowledge bases and create
a uniﬁed source of information. It is noteworthy that while we
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present RDF/XML format, it is a straightforward process to
convert it to any of the other RDF formats such as TTL.
ConceptNet is one of the major knowledge-bases which
has gained popularity due to its extensive knowledge and
periodic updates. In addition to the mentioned beneﬁts, it is
also available for public use in CSV and JSON [5] format
and through its Web site and API. Converting this knowledge
base to RDF has its unique challenges which arise from the
complexity of its edges and deep hierarchy of the presented
information in it. The feasibility and beneﬁts of this conversion
have been discussed previously in [8], but here we present the
actual conversion steps and limitations. The work presented in
this paper is an expansion of our previous work in ConceptOnto [16], in which we described the steps to create an upper
ontology based on relations in ConceptNet.
In the following sections, ﬁrst we review some of the different works in presenting large knowledge bases in RDF/XML
and similar formats (Section II). Then in section III, we
describe the structure of ConceptNet both in JSON and in CSV
format and analyze different parts of information presented in
it. Section IV gives an overview of the OWL ontology which
has been created from properties and classes of ConceptNet
and used in the conversion process. The process and the
methodology of the conversion is presented in section V.
This section also provides the main limitations of converting
the data from JSON or CSV to RDF and provides solution
for them to some extent (Subsection V-A). We believe this
conversion is beneﬁcial for different use cases for researchers
and normal users, which we have described in section VI. The
ﬁnal section (Section VII) of this paper presents a conclusion
and discusses our future work directions.
II. OTHER S EMANTIC KNOWLEDGE BASES
Presentation of different knowledge bases in human and
machine readable formats has a long history. The traditional
format for this purpose has been comma or tab separated
(CSV and TSV) versions of the data. Even for many of the
other data-sets which are available in newer formats such
as turtle or RDF, the CSV or TSV formats are available
as native implementations. A good example of works only
implemented in CSV is NELL [4] (Never Ending Language
Learning). In NELL, the data gathering approach has two
phases. In the ﬁrst phase, the approach extracts data from Web
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and other resources; and in the second phase it measures the
conﬁdence level on correctness of the information gathered
in the previous step. What makes NELL a special case of
information gathering is its automatic and gradual expansion
over time. The gathered information is available on weekly
iterations for public use in CSV format.
Freebase [2] chooses a different approach for presenting the
information by using graphs. The graph data structure provides
the topics as nodes and the relations as links between them.
This implementation decision, with introduction of MQL
(MetaWeb Query Language) [7] and use of folksonomies,
collaboratively created tags to describe contents, instead of traditional ontologies has created an eco-system for information
retrieval and expansion on Freebase. Finally it is noteworthy
that after the acquisition of MetaWeb (the company behind
FreeBase) from Google, the graph is currently used in Google
Knowledge Graph.
While RDF, CSV and TSV are some of the major formats
for representing semantic knowledge in large data-sets, there
are other formats in use for the same purpose with some extent
of support in industry and academia. One of these formats
is Turtle [1]. Turtle, Terse RDF Triple Language or TTL, a
sub language of RDF, presenting the information in a format
similar to SPARQL compared to the triple implementation of
RDF. An example of data-sets presented in Turtle format is
YAGO [22]. YAGO (Yet Another Great Ontology), currently in
its second version [9], extracts information from Wikiepedia,
WordNet [6] and GeoNames [24] and stores them in Turtle
format. While this data-set is mainly presented in TTL format,
it is also available in TSV and in various endpoints (APIs and
SPARQL).
The mentioned knowledge bases are mainly focused on
gathering facts in different contexts, similar to encyclopedias.
On the other hand, there are some works focused on presenting description and meaning for different words, similar
to dictionaries. A classic work in this ﬁeld is WordNet.
WordNet organizes words in different synsets providing not
only meaning but also many other linguistic relations between
words. The latest version of WordNet is currently version 3.1
which is available for download and public use. Regarding
semantic Web, version three of WordNet is available in RDF
format [14]. Another work similar to WordNet, but with
addition of European languages is BabelNet [17]. Other than
including BabelNet synsets for different terms, this data-set
includes related images for each term to clarify the concepts
further. This data-set is also available for download in RDF
and TTL n-triples.
In addition to considering the meaning or the factual perspective of information, there are some works focusing on
other aspects of knowledge. For example SenticNet [3] is a
knowledge base which mainly focuses on sentiment values
of the knowledge. For each piece of information, SenticNet
mainly assigns polarity values to different terms extracted from
ConceptNet, or in more recent versions (currently the third
version is in beta) other common knowledge bases. Another
sub-work of SenticNet is IsACore, provided in CSV format,

speciﬁcally consisting of IsA relations, or subPropertyOf relations in RDF.
III. C ONCEPT N ET STRUCTURE
One way to see ConceptNet is as a graph in which each
concept or assertion is a node and edges (in graph context
and not in the context of ConceptNet, as described later) are
relationships connecting them. There are two output formats
available to download ConceptNet; one is a normal CSV ﬁle,
outputting one line for each relation, separated with comma
and tab. The second format is JSON which on the perspective
of information presented is the same as CSV but with better
human readability. Considering that the information presented
in these two formats are practically the same, we describe the
data-set with disregard to the presented format.
The main components of each line of information is a
triple of subject, object and predicate. While in most cases the
subject and the object are concepts, there are other cases which
need clariﬁcation. In the following we ﬁrst analyze a general
concept relationship line in the data-set and later on we focus
on special cases of information presentation in ConceptNet.
The line (as shown in Figure 1.A) in the CSV ﬁle begins with
the triple presented inside an assertion tag. The tag marks
in ConceptNet URL are separated with a /. Each line in the
ConceptNet data-set presents an edge. Each edge, identiﬁed by
its ID following /e/ tag, consists of different parts as follows.
Assertions, shown as /a/, are the general knowledge presented
in ConceptNet by marking the relation name, its beginning
and the end of it. Every concept in the data-set follows a /c/
tag, presenting a term or a phrase. Relations, as described in
subsection IV-B, are presented using /r/. It is important to note
that these relations are language independent and the concepts
on both sides of them can be in different languages. /d/ marks
the data-set the edge has been extracted from, deﬁned in
ConceptNet context as a large source of knowledge which
can be downloaded as a unit. Similar to the /d/ tag, there is
/s/ to present the source of the information presented in the
assertion. Currently ConceptNet has four source of knowledge.
The ﬁrst source is contributor, meaning an individual which
has added the knowledge to the data-set. Activity, a knowledge
collection task presented to a user to collect the knowledge
(such as a game). Rule, an automatic rule to extract knowledge
from different resources to the desirable format. And site, a
knowledge base extracted from a Web site. The ctx tag shows
the context of the relationship, e.g. /ctx/all. Finally /and/ and
/or/ marks the conjunctions and disjunctions of sources.
Concepts in ConceptNet can have up to four parts. As mentioned previously the ﬁrst portion of any concept URI is /c/.
This tag normally follows by a two letter language mark, e.g.
en for English, ja for Japanese. The third part is the concept
itself which has been normalized by lemmatizer available in
conceptnet5.language package as part of ConceptNet code
repository 1 . The concept then follows by a letter marking
the part of speech tagging of the word (e.g. v for verb or n for
1 Latest

version at https://github.com/commonsense/conceptnet5
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/a/[/r/Antonym/, /c/en/ability/n/possession\_of\_the\_ qualities\_ required\_ to\_ do\_ something\_ or\_ get\_ something\
_done/, /c/en/inability/ n/lack \_of \_ability\_to\_do\_ something/] /r/Antonym/c/ en/ability /n/possession \_ of\_ the\_
(A)
qualities \_ required\_ to\_ do\_ something \_ or\_ get\_ something\_ done /c/en/inability/n/lack\_ of\_ ability\_ to\_ do\_
something /ctx /all 1.5849625007211563 /s/wordnet/3.0 /e/ 3ca0f777df726b705e90ec84381f88e0b67d916c /d/wordnet/3.0

{"rel": "/r/Antonym", "dataset": "/d/wordnet/3.0", "source\_ uri": "/s/wordnet/3.0", "start": "/c/en/ability/n/possession\_ of\_ the\
_ qualities\_ required\_ to\_ do\_ something\_ or\_ get\_ something\_ done", "surfaceText": null, "features": ["/c/en/ability/n/
possession\_ of\_ the\_ qualities\_ required\_ to\_ do\_ something\_ or\_ get\_ something\_ done /r/Antonym -", "/c/en/ability/
n/possession\_ of\_ the\_ qualities\_ required\_ to\_ do\_ something\_ or\_ get\_ something\_ done - /c/en/inability/n/lack\_
(B) of\_ ability\_ to\_ do\_ something", "- /r/Antonym /c/en/inability/n/lack\_ of\_ ability\_ to\_ do\_ something"], "sources": ["/s/
wordnet/3.0"], "context": "/ctx/all", "uri": "/a/[/r/Antonym/, /c/en/ability/n/possession\_ of\_ the\_ qualities\_ required\_ to\_ do\
_ something\_ or\_ get\_ something\_ done/,/c/en/inability/n/lack\_ of\_ ability\_ to\_ do\_ something/]", "license": "/l/CC/BySA", "weight": 1.5849625007211563, "end": "/c/en/inability/n/lack\_ of\_ ability\_ to\_ do\_ something", "id": "/e/
3ca0f777df726b705e90ec84381f88e0b67d916c"}
(A) A sample relation in CSV format.

(B) A sample relation in JSON format.

Fig. 1. Sample line from ConceptNet data-set

noun) and the last part of the URI is the sense of the concept,
if available (generally available for the knowledge extracted
from WordNet).
Description of the edge presented in Figure 1 in plain
English would be “ability, as a noun, with the meaning of
possession of the qualities required to do something or get
something done, is antonym of inability, as a noun, meaning
lack of ability to do something. The context of this edge
is all (currently all the contexts are “all” in ConceptNet
version 5, but we store the context in the case of compatibility with future versions). The source and the data-set
of this knowledge is WordNet version 3.0. This edge has
an ID of 3ca0f7...b67d916c and the weight of this edge is
1.584...11563.” The same line of information in JSON is
presented in Figure 1. The JSON presentation stores the same
information while providing better readability. JSON format
guaranties a presentation which is both suitable for machines
and humans. The down side of this presentation is the space
consumption of all the extra tags and labels which makes
processing this information for any text analyzer more difﬁcult.
A partial view of the ﬁnal result, without the modiﬁcations
implemented in later sections of this work is as follows.

IV. C ONCEPT N ET ONTOLOGY
For the purpose of converting ConceptNet to RDf/XML (for
simplicity we call RDF/XML format RDF) format we make
use of our previous work, ConceptOnto presented in [16].
While this ontology is mainly created using the properties
and classes of ConceptNet, it can be used as any other upper
ontology in a larger scale to convert other knowledge bases.
In the following two subsections we ﬁrst discuss the classes
in ConceptNet and ConceptOnto (Section IV-A), and then
in Section IV-B we discuss the relations implemented in
ConceptOnto and some additional relations.
A. classes

There are four main classes of objects in ConceptNet
as implemented in ConceptOnto. Compared to many other
ontologies, these classes are more general as appropriate for
a data-set mainly focused on common sense knowledge. We
provide a brief description of these classes in the following.
Noun Phrase (NP) is by far the most common entity in
ConceptNet. These phrases normally consist of one or more
main noun as the root and one or more other parts to clarify
the noun. For example for the relation “isDeﬁnedAs”, for any
<rdf:Description
triple, the object and subject are NP. Verb Phrase (VP) is any
rdf:about=
"http://conceptnet5.media.mit.edu/
phrase which has a verb as its root. These verbs can be preweb/c/en/ability">
ceded or succeeded by any other word. An example of a VP is
<COnto:hasDataset>wordnet</COnto:hasDataset>
the property “isCapableOf” with the triple “bike isCapableOf
<COnto:hasSource>wordnet</COnto:hasSource>
moving forward”, moving forward is a verb phrase with the
<COnto:hasContext>all</COnto:hasContext>
root of the verb moving followed by the adjective “Forward”.
<COnto:hasPOS>n</COnto:hasPOS>
<COnto:hasSense>
Adjective Phrase (AP) is the general term used speciﬁcally
lack_of_ability_to_do_something
in range and domain of properties such as “hasProperty”. Any
</COnto:hasSense>
AP can consist of a set of words which in turn can have multi<COnto:hasAntonym rdf:resource=
ple adjective, noun or even verbs. For example in triple “bike
"http://conceptnet5.media.mit.edu/
hasProperty common In Asia”, common In Asia while starts
web/c/en/inability"/>
</rdf:Description>
with an adjective, followed by a noun to complete the concept.
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Terms are the last class of entities in ConceptNet. Terms are
general phrases used in “isDerivedFrom” or “isTranslationOf”
which shows the relation between two phrases when one
derives from the other one or the phrases are equal in different
languages. For example in the triple “begin isDerivedFrom
start” subject and object are verbs while in “earth science
isDerivedFrom earth” the object is a NP and the subject is a
noun. This generality of concept in Terms make all the other
classes subclass of this class.
B. Object and data properties
Data properties in ConceptNet are the main portion of the
ontology used for conversion of ConceptNet to RDF. While
this is the main purpose of this ontology, we believe that it
can be used like any other upper level ontology. The following
steps are mainly to modify the properties and prepare the
ontology for the mentioned purpose. The ﬁrst addition to the
properties of ConceptOnto is to modify the naming of the
properties by adding is and has to them, based on objective or
subjective meaning of them. This naming methodology deﬁnes
the difference between having a speciﬁc property versus an
entity residing in another entity. While we have not found this
extensive use of this methodology in similar works, it has been
suggested in different references such as [10].
The second change to ConcpetNet properties is the addition
of reverse properties. As OWL language does not have the
ability to extract explicit relations based on the existing relations, this addition will allow new reasoning and information
retrieval from the system. The next addition to the relations is
to add properties such as symmetric, transitive and reﬂexive.
The same reasoning as the previous change applies to this
addition as well.
Finally to check, expand and extract implicit relations in
ConceptOnto two different reasoners have been evaluated.
After through analysis of FaCT++ [23] and HermiT [20], we
chose HermiT to make the ﬁnal modiﬁcations to ConceptOnto
such as using the equivalent relations for expanding the
inverse relations. More detailed and further explanation of the
ontology can be found in our previous work [16].
V. C ONCEPT RDF

CONVERSION PROCESS

As mentioned in Section III, ConceptNet data-set is available in JSON and CSV format. The JSON format has extra
labels and tags to increase its readability for humans, which
makes it larger in volume which in turn makes it computationally more expensive. For this reason, we decided to process the
CSV ﬁles to generate the RDF ﬁles. The process of converting
the ﬁles to RDF is straightforward. This process consists of
reading the ﬁles line by line, create tokens from them, parse
the tokens and extract the information. Algorithm 1 shows the
algorithm used for this process. However, as much as this
process is thorough, there are issues need addressing which
we discuss in the next section. The result of this conversion,

read ﬁle;
read line;
separate by comma;
while Tokens available do
ﬁnd /r/;
extract the relation as predicate;
ﬁnd the ﬁrst concept;
read the subject;
if subject then
if part of speech available then
extract subject pos;
end
if sense available then
extract sense;
end
end
if object then
if part of speech available then
extract object pos;
end
if sense available then
extract sense;
end
end
extract context;
extract data-set;
extract source;
extract weight;
extract edge ID;
end
Algorithm 1: Extracting information from a CSV edge
algorithm

alongside the ConceptOnto ontology, is available for public
use on our Web site 2 3 .
A. Limitations
The issued for converting ConceptNet to RDF are two
folded. The ﬁrst issue is with the logical disambiguation
between formats like JSON and CSV to RDF. This issue
is more fundamental and has more importance compared to
the other problem. The second issue is more up to case by
case basis related to speciﬁc relations which have further
complexity than a normal triples.
Regarding the ﬁrst problem, in the ConceptNet ofﬁcial blog
it mentions 4 the main reason for preference of JSON over
RDF:
ConceptNet is not RDF
I have sometimes been asked, given that ConceptNet is
fundamentally a graph, why it isn’t published in an RDFbased format. RDF is a very general representation of
2 http://score.cs.wayne.edu/ConceptOnto.owl
3 http://score.cs.wayne.edu/result
4 https://github.com/commonsense/conceptnet5/wiki/Linked-Data-and-theSemantic-Web
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graph data, and yet it doesn’t quite cover the information
that ConceptNet needs to convey.
Much of the information in ConceptNet is expressed as
properties of its edges. In RDF, edges simply exist; they
don’t have properties. Additionally, all edges in RDF have
to be considered incontrovertibly true, regardless of what
source they came from, because they don’t preserve any
information about their sources.
If you want to be able to talk about an edge, you need
to reify it by turning it into a node and connecting
it with a different kind of edge. This representation of
ConceptNet would be difﬁcult to create and even more
difﬁcult to work with. Instead, representing the edges
of ConceptNet as JSON structures (see JSON streams)
makes the information in it easily accessible in a variety
of programming languages.

The main point in this discussion is the complexity of presenting the diversity of information in edges in RDF form.
This information can be divided into three parts, respectively
subject, predicate and object. In creating an RDF triple for
the main triple in each line, we can expand the information
presented for the subject by creating multiple triples for the
same subject. The problem arises for creating triples with
objects of the original triple as subject. This limitation can be
solved by assigning IDs to objects and create triples describing
them separately. While this solution answers the problem in
hand, it complicates the data-set to the extent that retrieving
required information (using SPARQL, as described in section
VI, or any other method) will be lengthly and complicated.
To this extent, and based on the fact that the main piece
of information presented for the object is the meaning of
them (extracted from WordNet), we have decided against this
approach.
Another approach to solve this problem is to separate the
properties which are related to the subject of the triple from
the ones related to the object of the triple. In the case of
ConceptNet, we can do this by addition of one relation, to
add a similar property to hasSense; namely replacing hasSense
relation with subjectHasSense and objectHasSense. As a side
note, it is necessary to mention that the only case that
this addition is useful for is in converting the information
extracted from WordNet, but because of the extendability of
this knowledge-base (such as adding BabelNet synsets to the
data-set) this is a useful addition and future approach. While
this approach has better presentability for humans, considering
the way SPARQL queries are presented, it complicates the
creation and readability of the queries. We try to clarify this
point further by an example. For the edge we presented in
section III (ability hasAntonym inability), if we try to extract
the sense of inability we run the following SPARQL query, in
which the pivot point of the query is still the subject (ability)
while we are looking for information on the object (inability).
SELECT ?sense
WHERE {
:ability conto:objectHasSense ?sense;
:ability conto:hasAntonym :inability
}

In this instance, and similar relations with transitive property,
we can use this property to run the query for the opposite
direction of the relation and run the same query for the object
which simpliﬁes the process to some extent; but for any other

relation this complexity still exists. Another main limitation for
converting JSON to RDF format (the second issue as discussed
earlier) is the TranslationOf (isTranslationOf in ConceptOnto)
property. In the context of ConceptNet most instances of this
property have different triples as subject and object. The issue
with this proposition is RDF does not have the capacity to
inquire triples inside other triples. For example the following
triple has two triples as its subject and object (dog IsA animal
in English and Japanese).

Analysis of instances of TranslationOf shows that the triples
implemented in both object and subject of this relation are
both presented in other lines. As any triple which exists in
ConceptNet has an ID (edgeID), we can use these IDs to
create new triple consist of subject edge ID, the relation
isTranslationOf and the object triple edge ID. Using this
approach the mentioned relationship changes to the following
(edge IDs have been shortened for convenience of formatting)
/e/e1...5c1 isTranslationOf /e/5c6...0ea9
Another approach for this issue in RDF model is to use
RDF reiﬁcation. Reiﬁcation is usually used to create statement describing another statement. In this case, we believe
reiﬁcation is a better option considering that having all the
details in regard of the statement in one place is more self
explanatory and makes the retrieval of the information easier.
While this approach mostly solves the mentioned problem,
there is still a lot of discussion [18] on the use of reiﬁcation
and its complexity, which we consider to pursue for our future
works.
VI. U SE CASES
There are multiple use cases for Semantic Web data representation such as in Question Answering systems, Sentiment
Analysis or any similar research topic in which the research
tries to make sense of common sense knowledge which is hard
to represent in any other format except an interconnected web
of information. In this section we present two examples of the
possible use cases of ConceptRDF.
For the ﬁrst example we follow the directions in our previous work [15] to answer a simple question using ConceptRDF.
In that work we mentioned the need for a large RDF knowledge base as a pre-requirement for our approach. While the
approach has an acceptable performance on a simulated dataset, we believe that with the extended ConceptNet knowledge
base and a possible additionother similar data-sets it can
improve exponentially. We try to provide an example which
not only shows the usefulness of our approach, but also shows
the limitation of current status of ConceptNet for the purpose
of QA system. The question we consider is “Who is Bill
Clinton?”. The translation of this question in SPARQL is
shown in the following.
SELECT ?object ?weight
WHERE {
Bill_Clinton conto:IsA ?object;
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Bill_Clinton conto:hasWeight ?weight
} ORDER BY DESC(?weight)

It is noteworthy that this query orders the results by their
edge weight, provide the results with the highest conﬁdence
as the ﬁrst answer. Also we can see that lack of temporal
information, in many cases can cause wrong information to
be retrieved from the data. In this case the result of the query
is the triple “Bill Clinton isA president of unite state”
which with temporal consideration is not true (Bill Clinton
is a former president of the Unites States would be a better
answer). Finally the normalization to the concepts ConceptNet
has changed United States to unite state which is not the same
answer the user is looking for.
In the ﬁeld of sentiment analysis, the knowledge presented
in ConceptNet can be used as an intermediary information
resource. Because the ConceptNet is a knowledge base based
on common sense, it is rich on information regarding emotions, their states and causes. A logical follow through of
the emotions can start by using IsA relation, extract the
emotions by using the following query, then by using causes
relation, extract the words and concepts which can be used to
ﬁnd relations between emotions, events, feelings or any other
concept.
SELECT ?emotionNoun ?cause
WHERE {{
SELECT DISTINCT ?emotionNoun WHERE {
?subject conto:IsA emotion;
}}
OPTIONAL {
?cause conto:causes ?emotionNoun
}
}

The result of this query returns emotions such as love,
happiness and fear as result. Also in search of emotion without
limitation of IsA relation, if there is an intelligence system it
can ﬁnd other details regarding emotions, for example people
have emotions (people HasA emotion) or computers do not
have emotions (computer NotHasA emotion).
VII. C ONCLUSION AND FUTURE WORK
In this paper we presented ConceptRDF, which is representation of ConceptNet knowledge base in RDF format,
along with a thorough process and steps which are required
to commit this conversion. In different sections of this paper
we review some of the related work and some details from
our previous work regarding the ontology which we use for
the basis of this conversion, then provide the steps required
for the conversion. Then we discussed some of the many use
cases of the new knowledge-base to give a proof of concept
of the usability of the conversion.
Part of the beneﬁt of our process is the ease of expanding
it with any other knowledge base. We have already selected
some candidates for this purpose such as IsACore to convert to
RDF as the next step. To expand the work further we consider
creating an automatic process to expand the knowledge base
by using machine learning and pattern matching approaches.
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