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machines. One of the major limitations of traditional ontology formalism is its lack of
support for the representation of uncertainty and imprecision. As a result, they cannot
handle incomplete or partial knowledge. Attempts have been made by other researchers

to address this problem using algebraic methods, such as rough sets, soft sets, fuzzy sets, KEYWORDS
and probabilistic approaches. However, the conceptualization of the proposed solutions Uncertainty
in those approaches is not always the same as how ontologies are actually implemented. RDF
Ontology languages [such as Resource Description Framework (RDF), RDF Schema (RDFS), RDFS

and Web Ontology Language (OWL)] are used for expressing ontologies for Semantic OWLVV:

Web (SW) in a crisp manner. This paper proposed a vague graph approach to formalize
uncertainty in ontology for the SW. The paper extended RDFVgand RDFS,_, respectively,
where both syntactic and semantic extensions of the languages are proposed. Similarly, a
description of vague OWL was provided as OWL,..

1. Introduction Ontologies are seen as explicit representation of a con-
ceptualization. The conceptualization includes a set of
concepts, their definitions and the interrelationships
among them. Ontology languages used for the seman-
tic web, like RDF, RDFS and OWL are used to model
knowledge about an application domain in a crisp
manner. But in almost all aspect of ontology engineer-
ing, uncertainty exists. Therefore, there is the need to
provide a formal syntax and semantics for ontology
languages and ontological operations that take uncer-
tainty into consideration, as it is very important in
order to achieve interoperability between ontologies.
This requires formalizing ontology languages and
ontological operations at the semantic web layer. Most

Semantic Web (SW) technologies that use descriptive
markup languages, such as the Resource Description
Framework (RDF), RDF Schema (RDFS), and Web
Ontology Language (OWL), were proposed to model
web content in a machine-readable way, so as to assist
in information gathering and automatic search pro-
cessing by software agents, thus improving coopera-
tion between humans and computers. The SW, which
has ontology as its core can be viewed as a web of
data comparable to a globally accessible database.
Ontological knowledge representation will provide
the needed solution for achieving a successful seman-
tic information representation (Zhongli et al., 2006).
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ontologies are designed containing concepts and rela-
tions that describe stated realities about a given real
world domain.

Uncertainty is an inherent feature of many tasks on
the web. Thus, formalisms that are capable of repre-
senting and reasoning under uncertainty are needed
for full realization of the World Wide Web as a source
of processable data and services. According to Kenneth
etal, (2008) even though semantic markup languages
such as OWL can be used to represent qualitative and
quantitative information about uncertainty, there
are essentially no formal foundations established for
doing that. Consequently, each developer is left with
the task of forming his/her own set of constructs for
uncertainty representation. However, this is a major
obligation in an environment that depends on interop-
erability among systems and applications. Thus, there
is the need to model uncertainty in ontologies, as well
as to define an approximate inference mechanism
that will enable ontologies reasoning under uncer-
tainty which is lacking in the traditional ontologies.
Semantic web languages are used to represent knowl-
edge about established facts existing in the domain
being modelled in a crisp manner only. However, it is
a known fact that the real-world domains, which these
ontologies are expected to model, are characterized by
uncertainty; therefore, those uncertainties have to be
considered in order to correctly model such domains.
This lack of representation of uncertain information
discourages existing RDF(S) and OWL users from
reasoning over such uncertain knowledge. Extension
languages are actually needed on RDF, RDFS and OWL
to address this limitation. For example, we cannot
express and / or reason over the statement ‘Zainab is
very pretty’, because the degree to which she is pretty,
is not expressible in RDF(S) or OWL even though these
languages provide a mean of representing “pretty” in
a crisp manner.

The aforementioned limitation necessitates
extending web ontology languages and operations to
make possible representation and consequently rea-
soning with uncertainty. In order to address the issue
identified and presented, the theory of vague graph
was employed in this research to illustrate the pos-
sibility of extending the RDF to vague RDF (RDF )
to account for uncertainty. Therefore, this paper
presents a vague graph-based approach to formalize
vague RDF (RDFVg) and some ontology operations on
the proposed RDF,

2. Vague Graph

This section reviews the fundamental concepts of
vague graph needed in this paper. To arrive at this,
concepts of vague graph obtained from Ramakrishna
(2009) are presented in this section.

Definition 2.1: Avague set A onsetXisapair (z,, f,)
where?, :X{ 0,1} .and f,: X { 0, l], such that 0<z,(x)
+/,(x) <tfor allxe x. The mappings ¢,:X = 0,1|and
f :X{O,l] are the degrees of true membership and
false membership functions, respectively, for the ele-
mentxe X, such that the functions ¢, and f, satisfy the
condition: 7, <1- f,. It should be noted that vague set
represents the membership values of vertices/edges
in a vague graph.

The function ¢, (x) is considered as the lower bou(n?
for the degree of membership of x in 4, whereas Jilx
is the lower bound for the degree of non-member-
ship of x in A. Hence, the degree of membership of x in
the vague graph set 4 is characterized by an interval:
CRSAC!

Definition 2.2: A crisp graph G consists of a non-
empty finite set of elements V called the vertices or
nodes, and E, a finite set of distinct unordered pairs of
elements V called the edges.

Definition 2.3: Let X and Y be any non-empty sets,
a vague relation from X to Y is defined as a vague set
of x>, denoted byu=(z,,f,) where ¢, :XxY{O,lJ,
/, :XxY{ 0,1] which satisfies the condition ¢, (x,y)
+f# (x,y) < I,V(x,y) e XX.

A vague relation p on a set V is a vague relation
from V to V. If o is a vague set on a set V/, then a vague
relation u on o is a vague relation on V, that satisfies
t, (x.y) < min{t, (x).1, ()},

f# (x,y) > max{f(T (x),f(T (y)},V(x,y) ev.

Definition 2.4: Let V be a non-empty set, members
of Vare called vertices. A vague graph G=(o,u) with a
set of vertices V is a pair of functions o, u, where o is a
vague set of Vand p is a vague relation on o.

For simplicity and convenience purpose, the
ordered pair (y4,v) used to describe u is denoted by uv.

Example 2.1: Let v ={v,v,,v,,v,,v,} be a set of verti-
ces of a graph G. A graph G =(o,u) shown in Figure 1
is a vague graph, whereo=(z_,f,) is a vague set on
V given as:

(v,0.5,0.4),(v,,0.3,0.6),(v,,0.3,0.5),

= while u =(¢ , is
’ (v,,0.3,0.4),(v,,0.5,0.3) u=linf)

a vague relation on V given as
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v,,,0.2,0.8),(v,v,,0.2,0.7),(v,v,,0.2,0.6),

v,74,0.3,0.6),(v,,,0.4,0.5),(v,v,,0.2,0.6),

5712 2742
v,,,0.2,0.7),(v,,,0.3,0.6) (v,,,0.3,0.5),
1v,,0.3,0.6)

1732

(
(

V2 (0.3.0.6)

Vs (0.5.0.3) V4 (0.3.0.4)

Figure 1. Vague graph G1".

2. 1. Operations on Vague Graph

This subsection presents some operations on vague
graph, such as union, intersection, and join, as defined
in Ramakrishna (2009).

Definition 2.5: Union: Let G’ =(o,.u,) and
G, =(o,.u,) be two vague graphs of two crisp
graphs G =(V,E) and G,=(V,.E,), respectively. Let
the union of G, and G, be a crisp graphG, =G, UG,.
Then, the union of the two vague graphs G, and G,is a
vague graph G =(o, uo,.u, uu,) defined as

Vo, (v), ifvev -7,
Yy oo, (v)= v, (v). ifveV,-V,
max{V(TI (v),V(IZ (v)} ifveV,ab,

v, (uv), fuveE-E, je.
V,,,quz (uv) _ Vu2 (uv) ifuve E, - E,
min{V#] (wv).V,, (uv)} ifuve E,NE,
WO e,
oo, (V)= t,, (v), yveh=h
max{t(Il (v),t(IZ (v)} ifveV,nV,

f‘al (V)’ ifve[/l_Vz
fo,wz (V)_ fo‘z (V), l.fVGVZ—Vl
max{f(rl (v),f(yz (v)} ifveV av,
L (), ifuve E - E,
tﬂluﬂz (uv) = t#z (MV), lfuv € E2 - E1
mm{tﬂl (uv),tu2 (uv)} ifuve E, NE,
T, (uv), ifuve E —E,
S (wv)= 1, (wv), ifuve E,—E,
mm{fu (uv), £, (uv)} ifuve E,NE,

Example 2.2: Letlflz{vl,vz,vs,v4} and Vl,={vl,v2,v6}
be a set of vertices of two graphs G, and G,
respectively. Figures 2 and 3 show the graphs
G’ =(o.u)and G, =(o,.u,), respectively. Where
o,=(t,.f, ) is a vague set on V given as ¢, ={(v,.,0.5,0.4),

(1,,0.6,0.2),(1,,0.3,0.5),(v,,03,04)} while #,=(¢,.7,) is a
. , (v,v,.04,0.5),

vague relation on V, given as u =
(1,%4,0.2,0.7),

(v,,,0.2,0.6),(v,,,0.3,0.4),
(v,9,,0.2,0.6),(v,v,,0.4,0.4)
as o, :{(vl,0.3,0.1),(vz,0.5,0.5),(V6,0.4,0.1)} ,and u, isavague
relation on o, given asu,={(v7,.02,0.6),(v,v,.03,0.6),
(v4,.0.3,0.3)}.

The union of G and G, is a vague graph G, obtained as

,0.5,0.4),(v,,0.5,0.2),
U{( ):(1:05.02) }

(v,,0.3,0.5),(v,,0.4,0.3),(v,,0.4,0.1)

, 0, is a vague set on V,’ given

(v,v,,0.4,0.5),(v,v,,0.2,0.6),(v,v,,0.3,0.4),

274 374
o, =1 (v9,,0.2,0.7),(v,,,0.2,0.6),(v,,,0.4,0.4),

273 4712

v,v,,(0.3,0.6),v,v,,(0.3,0.3)

Figure 4 shows a Vague graph G.,.

ViVs
V7 (0.5,0.4) (0.2,0.7) V3 (0.3,0.5)
Gl'I
V3Vy
Vive (0.3,0.4)
(0.4,0.5,
VoV, V4 (0.4,0.3 )
V2 (0.6,0.2) © 22 046)

Figure 2. Vague graph G1'.



A. H. Abubakar and A. F. D. Kana / Science Forum (Journal of Pure and Applied Sciences) 20 (2020) 48 — 57 51

Vi
(0.3.0.7)

(0.4.0.1)
Figure 3. Vague graph G2'.
Vivs
V; (0.5,0.1) 0.2,0.7) V3 (0.3,0.5)
e
G3’ — GI’U GZ’ :
ViVvo
(0.4,0.3) V3Vy
(0.3,0.4)
® v, 0403
V2 (0.6,0.2)
o
Ve
0.4,0.1)

Figure 4. Union of two vague graphs G1’ and G2.

3. Methodology

The vague graph-based model of ontology of uncer-
tainty is defined to describe ontology languages in an
uncertain manner by labeling objects and their rela-
tionship as nodes edges of a vague graph. The vague
objects (nodes/vertices) represent things or resources
that describe the subjects and objects of a statement
while the arrows (arcs) represent functional relation-
ships that describe the predicate of a statement.

The following considerations were made on onto-
logical entities in order to use the vague graph to
model uncertainty in ontologies into the semantic web
ontological languages:

Objects: There are two types of objects represented
in our proposed vague graph models: objects repre-
senting instances of a class and objects representing
classes (the latter can be either crisp or vague). This
research assumed that each of these objects corre-
sponds to the nodes/vertices of the vague graph.

Instances: Since RDF is a data model that relates
instance data, we assumed that vague RDF is also a
data model that relates instance data in a way such
that the membership of the instance data as well as
the relationship is also represented.

Relations (Properties): These are the functional
mappings from a class object or instance object or to
the other. This represents the direct causal or func-
tional relation from one object to another. Relations
can be crisp or vague. This research considered rela-
tions (Properties) to be represented in both vague
RDF and vague RDFS as edges of a vague graph with
membership values.

Class: These are the set of things found in the
domain of interest. Since classes and relationships
existing between the classes are normally defined in
RDFS, the same approach will be adopted to describe
classes and the relationship that exists between classes
in vague RDFS. Classes are represented as nodes with
membership values.

3.1. Modeling semantic web languages using vague
graph theory

In this subsection, this study proposed a unified
semantics (i.e., the RDF-based semantics) for all the
SW languages by extending them to represent con-
nected vague graph structures. That is, the extended
models of RDF , RDFS _, and OWL  were proposed as
extensions to RDF, RDFS, and OWL so that the antic-
ipated connection between the languages is main-
tained while at the same time accounting for uncer-
tainty at the semantic web stack.

Definition 3.1: A vague ontology system is defined
as a pair of two sets O_=(R,P), where R represents
a set of resources (e.g., concepts/classes or objects/
instances) while P represents set of properties/attri-
butes (relationship) provided at least an element of R
or Pis vague.

From definition 2.4, R is represented as o =(z,, f;)
to denote the membership of the resources such
that tR:R{O,l] ande:R{O,l} ,and as u=(1,.f,) to
denote the membershi}j of the properties such that

7 :P{O,l] andfp :P{O,l .

Example 3.1: Let R={.n.,n.r.n} be the set of

12720735745
resources in ng, while P:{rlrz,rlr3,r3r4,r2r5,r4r5} be the
set of properties. The ontology O _=(R,P), shown
in Figure 5, is a vague ontology, where o=(1,,f,)
is a vague set on resources R representing its mem-
bership which is given as: 0'={r1,(0.7,0.3),rz,(l.O,O.O),r},
(0.0.1.0).7,.(0.6,0.4)r,(0.8,0.2)} whileu=(z,.7,) is a vague
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relation on R representing its membership which is
also given as:

(rr,,0.2,0.8),(rv,,0.7,0.3),(r,r,,0.4,0.6),

{(w 1.0,0.0), (r,v,,1.0,0.0) }

2°52 4752

p1(0.2,0.8)

(coLoud

p3(0.4,0.6)

Figure 5. Ontology representation in a vague graph form.

We proposed some extensions to the existing SW
Languages: RDF, RDFS, and OWL as RDF_, RDFS , and
OWL,, respectively, in order to enable the representa-
tion of vague knowledge in a domain of interest.

Three vague graph structures are used to define the
three (3) extended languages as illustrated in Figure 6.
The semantics of the proposed RDF , RDFS , and
OWL,, are based on RDF semantics. The RDF layer is
modified to represent the vague graph model of RDF
(RDFVg), while the vague model of RDFS is shown
in the RDFS layer and, finally, the model of vague
OWL(OWLVg) is obtained by allowing some properties
on the objects defined in the OWL,, layer.

User Interface and applications

Trust
Proof
Unifying logic
Querying: Ontologies: OWL,g ,::
SPARQL : 5]
Taxonomies:RDF S, %
k=
&
|©)]

Data Interchange: RDF,

Syntax: XML

Identifiers: URI Character set: UNICODE

Figure 6. Modified layering architecture of the semantic web
languages.

Modifications were only proposed at the RDE
RDFS, and OWL layers of the existing architecture. In
place of the RDF layer, we proposed a RDF layer that
models RDF while taking uncertainty into account,
the Uniform Resource Identifier/Internationalized
Resource Identifier (URI/IRI) references are inter-
preted as objects (classes or individuals) and proper-
ties while the URI/IRI references in RDFS layer are
interpreted as ontology classes, individuals, and prop-
erties. RDFS  is an extension of RDFS. Furthermore,
RDF will provide equivalent support to the one pro-
vided by RDF in relating individuals to each other
in the form of RDF triples. In the case of RDFSVg, the
mappings consider and represent the functional rela-
tionships between classes as well as individuals, for
example, f (x) = y, where x and y represent classes/
individuals with URI/IRI references. The consequence
of allowing some properties in RDFS  (e.g., Boolean
combination of classes, subclassing, and inverse role)
will produce OWL,.

In order to describe the vague graph-based syntax
of RDF , we made the following proposition to justify
our rationale for the defined syntax.

Proposition 3.1: For every RDF graph, there is an
equivalent vague RDF representation (RDFVg) con-
sisting of a set of vertices and a vague edge with their
associated membership values.

Proof:

Let R= {rl,rz,r3 rn} and P:{pl,pz,p3,...pn} be sets of
resources and properties of an RDF statement, respec-
tively. Let R ={r1' oy er) } and P'={p1 Lo, Py, '}
be sets of vague resources and vague properties,
respectively. An RDF statement in the form (s,p,0),
where sandoe R and pe P, can be represented in the
form of RDF graph as a pair (R',P') where R denotes
the vague set of sando and P denotes the vague set of
p. That is, every RDF statement of the form (7.p,.7,),
where 7,7, € Rand p, € P, has an equivalent vague RDF
representation as RDF, =(R.P') where R denotes a
vague set of " and r/ Vr/ ,r” €R while P' denotes a
vague set of p/,Wp, e P'. Figures 7 and 8 show an RDF
graph and its equivalent RDFvg, respectively, where a, 8
represent the membership values.

’

’

Pi
> 2T
Figure 7. An RDF Graph.
(o.B) pi (o B) (B.a)

Figure 8. A vague RDF Graph.
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Two functions f:R—R and g:P—P were con-
structed as

f(n)=r

Table 1. Functions f:R—R and g:P —P.

fiR-R' g PP
R R' P P
r r p; D;
Vk }”k'

The RDF graph and vague RDF graph shown in
Figures 7 and 8, respectively, are equivalent since they
have the same sets of vertices and edges, both have
no loop, no parallel edges, 1 degree of vertex, only
one component, and a pair of connected vertices, and
both are fully connected. That is, everything is pre-
served and each of the graphs can be relabeled to the
other QED.

3.2. Vague Graph-based RDF (RDF, g)

This section presents the proposed extension of the
standard RDF to vague RDF.

3.2.1. Syntactic model of vague RDF (RDFVQ)

The RDF syntax was extended to define a Vague Graph-
Based RDF (RDF ) syntax as a pair (R.P) where R
denotes the Subjects / Objects and P denotes the pred-
icate as in the RDF triples. A formal definition of the
vague RDF syntax is provided in definition 3.2 as
Definition 3.2: A vague RDF (RDF, ) is a pair (R,P),
where R represents a set of resources (representing
a set of Classes/Instances) while P represents a set of
properties/attributes (relationship) provided at least
an element of R or P is vague. From definition 2.4, R
is represented as o=(r,,f,), denoting a finite vague
seton R such that 7, : R 0,1} and f, : R { 0, 1], while P is
represented as u =(z,, f,) , denoting a finite set of vague
properties on R such that t, :P{ 0,1} and f, :P{ 0,1}.
Example 3.2: Assuming that the property “hasPret-
tyChild” has vague values as a8, whereo,=0.6 and
B,=0.4, while the individuals “Umar and Sumayya”
have vague values as «,,f, where o, =1.0 and B, =0.0
represent the true and false membership of the prop-
erty and the individuals, respectively. A vague state-
ment “Umar has a pretty child named Sumayya” can be
represented in RDFvg as shown in Figure 9.

(1.0,0.0) (1.0,0.0)
hasPrettyChild(0.6,0.4)
Cumar > CSumayyad

Figure 9. RDFVg statement.

Example 3.3: Assuming that the property “Knows”
has vague values as “1.0, 0.0,” “hasChild” has “1.0, 0.0,
“hasPrettyChild” has “0.6, 0.4, and “isTallerThan”
has “0.7, 0.3, while the individuals “Maryam, Zahrq,
Yasmin, Umar, and Sumayya” has vague values as «,.3,,
where «,=1.0 and B,=00 represent the true and
false membership of those properties and individuals,
respectively. The statements “Maryam has a mother
named Zahra and a child named Umar,” “Zahra knows
Yasmin,” “Umar has a pretty child named Sumayya,” and
“Sumayya is taller than Yasmin” can be represented in
RDF, as shown in Figure 10.

(10,0.0)

A

(10,0.0)

A

Knows (1.0,0.0)

isTallerThan(0.7,0.3) /

hasMother(1.0,0.0)

hasChild(1.0,0.0) hasPrettyChild(0.6,0.4)

(10,0.0)

(10,0.0) (10,0.0)

Figure 10. RDFVg statements.

R= {Zahra, Maryam,umar, Sumayya, Yas min}, that is,R=I=
{11,12,13,14,15}, while
Knows(1.0,0.0), hasMother(1.0,0.0),
P=1 hasChild(1.0,0.0), hasPrettyChild(0.6,0.4),r ={p1, p2, p3, p4, p5}
isTallerThan(0.7,0.3)

3.2.2. Semantic model of vague RDF

The interpretation of objects (resources) and rela-
tionship (properties) for each vague graph structure
representing RDF_ is based on modeling the RDF
Interpretation. Similarly, each vague graph object is
related to its interpretation via an interpretation func-
tion L

To describe how resources (crisp and vague) are
interrelated through properties (crisp and vague),
triples were employed. Therefore, an interpretation
comprises of (i) two sets IR (abstract resources) and
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IP (properties) that may or may not be vague and (ii) a
function [EXT that states which resources are interre-
lated by which properties.

This work adopted the semantics presented in
Hayes and Patel-Schneider, (2014) which begins with
an easy definition of simple interpretations of graphs,
after that some additional criteria were provided in
order to make the interpretations to be eligible as RDF
interpretations. Lastly, additional constraints to be ful-
filled by RDF interpretation so that it will be acknowl-
edged as an RDFS-interpretation were provided.

The extension made on the adopted interpretation
is as follows: the set of crisp resources are represented
as IR_while the set of vague resources are represented
as IR , hence the set of all resources IR represent both
crisp and vague, that is, /R=IR UIR . Similarly, the set
of crisp properties are represented as IP_while the set
of vague properties are represented as IP ; therefore,
the set of all properties IP represents both crisp and
vague properties, that is, /P=1P uIP, while other con-
ditions are left the same.

3.3. Vague graph-based RDF Schema

The formalism of Vague RDF Schema (RDFSVg) fol-
lows the same guidelines as the RDF, . The seman-
tics of RDFS  are stated in terms of “class.” A class is
a resource representing a set of things in the domain
of discourse. Therefore, two classes can be related to
each other via a subclass relationship (e.g., subClas-
sOf), and similarly two properties can relate to one
another via a subProperty relationship (e.g., subProp-
ertyOf ).

A formal definition of the RDFS_is given in this sec-
tion where it is defined in terms of vague classes and
properties as follows:

Classes: The elements of R in RDFS  represent
vague class names. Vague relationship between classes
R1 and R2 is represented as the mapping from R1 to
R2, where R1,R2 €R.

SubClasses: Let R1 and R2 denote two classes in
RDFSVg, where R1 is a subclass of R2 iff R1 is contained
in R2.

Properties: In RDFS , all elements of P represent
properties (crisp/vague) which denote that a relation-
ship exists between the objects (classes/instances).
These relations include instanceOf, domainOf, rangeOf.

SubProperties: Let P1 and PZ be two properties
(crisp/vague) in RDFS , where P1 is a subproperty of
P2, iff P1 is a subrelation of PZ2.

Definition 3.3: A vague RDF Schema (RDFSVg)
is a pair (R,P), where R represents set of resources
(Classes) while P represents finite set of properties/

attributes (relationship), provided that, at least an
element of R or P is vague. From definition 2.4, R is
represented as o =(t,, f,), denoting finite vague set on
Rsuchthat 7, :R 0,1} and [, : R { 0, 1], while P is repre-
sented as u =(z,, f, ), denoting finite set of vague prop-
erties on R such that ¢ : P— 0, 1] and f, :P{ 0,1g].

Example 3.4: Assuming the statement
“GoodUniverity and BestUniveristy are subClas-
sOf a University.” Let the concepts “GoodUniversity,”
“BestUniversity,” and

“University” have vague values «.8,, «,.8,, and
a,.B,, respectively. Where o =10, B,=00, o, =06,
B,=04, a,=08, and g, =0.2, while the property sub-
ClassOf has vague «,,,. The statement can be repre-
sented in RDFSVg as shown in Figure 11.

(1.0,0.0)

L (0.6,0.4) (0.8,0.2)
Figure 11. RDFSVg representation.
Definition 3.4: A vague RDFS _ (RDFS,, =(R,PR))

subsumes another vague RDF(RDFSvg2 ( 2,102)), ie,
(RDF,1)=(RDFS,2)iff R, ER,and P, = P,

3.4.2. Semantics model of vague RDFS

The semantic model of RDFS gfollows the same guide-
line as to the semantics of RDF . That is, the seman-
tics presented in Hayes and Patel Schneider (2014) is
adopted but modified in such a way that; the set of all
resources IR comprises of the union of the set of crisp
resources (representing crisp classes) denoted as IR
and the set of vague resources (representing vague
classes) denoted as IR . That is IR=IR UIR, . Similarly,
the set of crisp properties is represented as IP_while
the set of vague properties is represented as IP ;
therefore, the set of all properties IP represents both
crisp and vague properties that relate the classes,
that is, /P=1p uip. While other conditions are left
unchanged.
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3.4. Vague graph-based OWL (OWL, g)

This section described a vague graph-based OWL
(OWLVg) by extending the RDFS_ to include some extra
constructs and operations for example: the Boolean
Combination of classes (such as union, intersection,
join, and complement), as well as the capability to
express equivalent and disjoint classes, role (prop-
erty) restriction (such as oneOf, hasValue, someValues-
From, and allValuesFrom)

OWL is based on RDF and RDFS, but it uses different
formats such as the basic XML and Turtle (Terse RDF
Triple Language) syntaxes to represent the RDF tri-
ple models. Since, RDF is a data model for describing
resources on the web in form of graph where the nodes
represent resources and arcs represent relationships
between these resources. Therefore, a graph is a set of
statements represented in form of triples comprising
of a subject, a predicate, and an object. Having defined
our RDF and RDFS_, we now describe vague ontolo-
gies usmg the Web ontology language OWL by adopt-
ing the method presented in Bourahla (2018) which
introduced information on vague statements as anno-
tation assertions within OWL ontologies. Annotation
assertions can be defined to conformed with the 0,
syntax defined in definition 3.1 of section 3.1.

Some of the properties of OWL ontology that can be
used in OWL, are described in this section as the con-
structs and operations of OWL, are defined as follows:

i) OWL_: Thing: If C'is an object in rdfs , then ¢
denotes OWLVg: Thing iff it contains all objects
found in the rdfsvg. Ontology.

ii) OWL  Nothing: If Cis an objectin rdfs , then C
denotes OWL, : Nothing iff its intersection with
any other object of rdfsvg gives that same object.

iii) Disjoint Classes: If C1 and C2 are objects in
rdfsvg, then C1 and C2 are disjoint if interpreta-
tion of C1 is not equal to the interpretation of
C2, thatis, 1(CL(t../.,)) " (C2(te,. /1)) =D

iv) Equivalent Classes: If C1 and CZ are objects in
rdfs ,then C1and C2 are equivalent; if interpre-
tation of C1 is equal to the interpretation of C2,
thatis, (1(C1(t.,. /)= 1(C2,(tc, /2,))) OF Iff; there
exists a mapping from C1 to C2 as well as from
C2 to C1.

v) Individual: If C is a concept in an ontology,
then c is an instance of a class C in I‘devg and
F(c)=(C.(t. /), where F denotes a typing
function.

vi) Intersection of Classes: Let C1, C2, and
C3 represent the sets of objects of RDFS,
(Ob(rdfs, )) such that cecCl1,c2 and let P1 and

P2 represent the sets of properties associ-
ated with Ob(rdfsvg) such that pie P1,P2, then
C3=Cl NnC2=0,N0,,u, N, is defined as:

L5, o, (c) :{max{’% (C),t(,c2 (C)}, if ce C1NC2
Jouron (C):{max{f% (C)af% (C)}, if ce C1NC2
b, (pi)z{min{tum (pi),tupk (pi)}, if pie PLAP2

Lo, (P1) ={min{fyp, (pi). 1, (pi)}, if pie PLAP2

vii) Union of Classes: Let C1, C2, and C3 represent
the sets of objects of RDFS  (Ob(rdfs )) such
that cecC1,c2 and let P1 and P2 represent the
sets of properties associated with Ob(rdfsvg)
such that pie P1,P2, then C3=Cl uC2=0, U0,

is defined as:

u, o,
t, (¢), ifceCl-C2
0., Uo, ( ): tacz (C)a l'fCGCZ—Cl
max]r, ()., ()} TeeCInC2

L, (Pi), if pie P1- P2

ieny (PI)= » (pz), if pie P2— Pl

if pie P1NnP2

15, (€); ifce Cl-C2
fa uo,, (C)Z f% (C)a ifC€C2—Cl
max{f (C)’faz(c)} if ce CINC2

Ji‘m (pi)’ if pie P1- P2

fumwpﬁ (pi)= fﬂpz (pi). if pie P2— Pl

if pie PINP2
minl 1, ()1, ()} "7

viii) Complement of Classes: Let C1 and C2
represent the sets of objects of RDFS
(Ob(rdfs, )) then C1 is a Complement of C, IﬂC

( ( cfol))m[(CZ ( cz’fcz))

ix) SubSumption of Classes: A vague RDF
(RDF,2=(R,,R)) subsumes another vague
RDF (RDF 1=(R.R)) represented as (RDF,1)E
(RDF,2),if (RDF, 1) is contained in (RDF, 2}, i.e
R, ER,and P C P,

Example 3.5: The RDF  in example 3.2 is a sub
RDFVg of the RDFVg in example 3.3, since the set of
resources and properties (crisp/vague) in example 3.2
are contained in the set of resources and properties
(crisp/vague) of example 3.3.
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4. Conclusion

In ontology engineering, it is very important to repre-
sent uncertainty in order to correctly model most of
the real-life domains, especially those that are char-
acterized by uncertainty and imprecision. We have
extended the classical SW languages (RDF, RDFS, and
OWL) by modeling them as vague graph structures
to take into account uncertainty in ontologies. This
paper presents RDF _, RDFS and OWL Since RDF,
and RDFS_ o are graphlcal “based models their formal
definitions and examples were provided. While the
OWLVg, being an extension of OWL (which is based on
the Description Logic), was described. The uncertain
aspect of ontology can be defined as annotations. The
idea is based on declaring annotation assertions for
vague information using specified annotation prop-
erty, which will be declared in the OWL,, ontology.
These annotation assertions will play the same role
to describe vague axioms with the OWL,.. These lan-
guages will be applicable in areas, such as medicine,
biology, and economics, which are characterized by
uncertainty.

There is the need to extend this work in the future
to define ontology operations as well as algorithms to
achieve the defined operations. Similarly, the inference
mechanism under this approach needs to be provided
as a part of an extension to this work.

5. Related work

A vocabulary for representing probabilistic relation-
ships in an RDF graph was proposed in Fukushige
(2004, 2005) which is to be mapped to a Bayesian
network (BN) to perform inference. In the proposed
framework, three kinds of probabilistic information
can be encoded: probabilistic relations (prior), prob-
abilistic observation (data), and the probabilistic
belief (posterior). Any of them can be represented
using probabilistic statements that are either condi-
tional or unconditional. The main focus of the work
is on getting extended vocabulary that can describe
probabilistic relations in a way that is both semantic
web compatible and easy to map to a BN, rather than
just representing BNs by inventing a new format. A
generalized probabilistic RDF was proposed in Udrea
et al. (2006). It allows the representation of termi-
nological probabilistic knowledge about classes, as
well as assertional probabilistic knowledge about the
properties of individuals. They proposed a technique
based on the idea of logical entailment in probabilis-
tic logic together with local probabilistic semantics

for assertional probabilistic inference in acyclic prob-
abilistic RDF theory. An algebraic approach to form-
ulizing ontological operations under uncertainty was
proposed in Donfack Kana and Akinkunmi (2015), in
which algebraic theories of uncertainty were used
to formalize operations within and between ontolo-
gies. A soft set theory was used to define a set-like
view of ontology and to approximate its concepts of
instances. In order to handle uncertainty, rough set
theory was used to measure the degree at which an
individual is an instance of a given concept. A model
called ontologies of uncertainty (OU) was proposed
to handle both crisp and vague aspect of the domain
of discourse by classifying attributes of ontologies
into sets of vague attributes (Av) and crisp attri-
butes (Ac). While relations of ontologies were also
classified into sets of vague relations (Rv) and crisp
relations (Rc).

Bourahla (2015) presented a vagueness theory
to deal with the problem of ontologies that contain
vague concepts, whereas the concepts are treated
as having a meaning in such a way that the vague
concept evolves during the ontology evolution, from
more vague meaning to less vague meaning until it
reaches a situation where it becomes a non-vague
concept as opposed to having a fixed meaning that
is shared by all users of the ontology. A language
for vagueness description in Web ontologies called
VDL was presented in Bourahla (2018) to represent
vague axioms that can be found in ontologies. The
vagueness descriptions are used as inputs to a rea-
soning procedure (VR) developed and implemented
using the Prolog language (Logic Programming) to
enable reasoning over ontologies that have vague
axioms.
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