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Abstract— Developing the reasoning algorithm is a challenging 
task in knowledge based systems. The domain knowledge comprises 
of the related concepts of a domain, their relationships, properties 
and their instances. However, the semantics of the knowledge is lost 
without relationship. The semantic relationships that exists between 
the concepts are helpful to the user to understand more about given 
domain. Many proposed reasoning algorithms focused more on 
concepts. The reasoners like Pellet, Fact++, Hermit, etc. checks 
consistency, satisfiability, instance checking and perform 
classification based on concepts. Extracting novel relations from 
already existing knowledge is critical. This paper proposes a 
reasoning algorithm that retrieves collateral relationship. This 
paper discusses about the methodology to retrieve implicitly 
specified relations between concepts. The proposed algorithm is 
applied to ontology and collateral relations are retrieved. The 
reasoning algorithm is evaluated and completeness of an algorithm 
is proved. 

Keywords— Semantic Relationships, Reasoner, Description 
Logic 

I.  INTRODUCTION  

Reasoning is a critical task in the area of knowledge 
engineering. The evolution of knowledge is intended to solve 
the domain problem with inclusive knowledge provides open 
world semantics to the endeavor. Reasoning is a process of 
forming conclusion or inference from the existing knowledge. 
However, the task of achieving automated reasoning is 
possible only with the represented elicited knowledge. Hence, 
a sound representation technique is needed to represent the 

knowledge to share the knowledge among users. Widely 
accepted logic based knowledge representation technique is 
Description Logic (DL). It provides well defined 
expressiveness to deduct implicit knowledge from explicitly 
defined knowledge [1]. Generally, reasoning algorithm 
provides services such as satisfiability checking, consistency 
checking, instance checking subsumption, classification, 
equivalence and disjointness. In general, the reasoning 
services are performed by testing the satisfiability of concepts. 
Satisfiability helps to check consistency, subsumption and 
equivalence. The services provided by many of the reasoning 
algorithms are concept oriented. However, relationships 
provide more semantics to the domain knowledge.  

Ontology is used to specify inclusive knowledge. 
Ontology languages are used to encode the knowledge about 
particular domain and provide support to process the 
knowledge which accomplishes reasoning, retrieval, 
consistency, instance checking, etc.  OWL (Ontology Web 
Language) has been widely used ontology language which is 
used to share the domain knowledge. It uses DL to represent 
the knowledge. The widely used reasoners support DL. The 
reasoners which support OWL-DL are Pellet, Fact++, Hermit 
and RacerPro. It follows tableau based reasoning algorithm 
and supports SROIQ(D) DL expressiveness. Tableau 
reasoners perform consistency check by constructing more 
models.  

Semantic relationship plays a vital role in ontology based 
systems. It helps to understand more about concepts. The 
semantic relationships such as hyponym, hypernymy, 
holonym, meronym, antonym and synonym are extensively 
used in most of the domain. In addition to these basic 
relations, many other semantic relationships exist between the 
concepts. It varies from one domain to another domain. Apart 
from basic relations, many other relations like active, 
associative, causal, polysemy, paradigmatic, possession, 
kinship, theme, predicate, measure, certainty, etc. The 
reasoning over semantic relationships is complicated as the 
semantic relationships hold certain properties such as 
transitive, reflexive, irreflexive, symmetric, asymmetric, 
functional and inverse functional properties. The concepts are 
semantically related but semantically dissimilar in the 
presence of relations.  

In this paper, section 2 discusses about various semantic 
reasoners which supports OWL DL. Further, it describes 
various semantic relationships and in addition, it explains 
about the reasoning over the semantic relationships.  Section 3 
discusses our proposed SemPER approach for reasoning over 
semantic relationship. Section 4 explains the algorithm with 
some illustration. Section 5 concludes the work. 
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II. BACKGROUND WORK 

The increase in size and complexity of the knowledge 
brings the need of effective semantic reasoners. It helps to 
impart the implicit knowledge from explicitly specified 
knowledge. First-Order predicate Logic (FOL) supports 
reasoning services. However, due to lack of expressiveness, it 
doesn’t provide full support for reasoning. DL is more 
effective than other logic. Description Logic includes the 
operations such as transitive closure of the relations which 
can’t be represented in FOL.  The widely used reasoners 
support SHOIQ(D) or SROIQ(D) description logic. 

Pellet [16] reasoner checks the consistency of knowledge 
and support other reasoning services. It has been implemented 
in Java. It provides basic reasoning services such as 
consistency checking, concept satisfiability, classification and 
realization. In addition to that, it provides the services such as 
conjugative query answering [15], rule support,   - 

connection reasoning [5]. It follows optimization techniques 
[14] such as normalization, simplification, semantic 
branching, model merging, etc. It uses tableau algorithm for 
inference. Pellet reasoner is widely acceptable because of its 
performance, extensive support of middleware and its unique 
features. It includes various features like cardinality 
restrictions, enumerated classes, transitive and inverse 
properties and instance assertions.  

Fact++ [19] reasoner uses tableau algorithm. It performs 
preprocessing, classification and satisfiability checking. 
Preprocessing is used to normalize the knowledge base and 
renovate into its internal representation. It includes various 
optimization techniques which is introduced in FaCT [10] 
such as lexical normalization, absorption, told cycle 
elimination and synonym replacement. Lexical normalization 
is used to detect inconsistency and trivial inconsistencies [11]. 
Absorption eliminates General Concept Inclusion axioms. It is 
useful in classification [11]. In told cycle elimination, the 
cycle can be eliminated by transforming the axioms into 
simplified form. In synonym replacement, the equivalent 
concepts are replaced to detect early clash detection.  

Classification is used to catch the subsumption order of 
the existing concepts. The optimization techniques in 
classification include definitional ordering, model merging, 
clustering and completely defined concepts. It classifies the 
concepts without performing subsumption tests [17]. 
Satisfiability checking is used to decide subsumption problems 
for the given pair of concepts. The optimizations of the 
satisfiability checking techniques are realized through 
dependency-directed backtracking, boolean constant 
propagation, semantic branching and ordering heuristics. 

Tableau algorithm uses advanced heuristics [17] and it 
builds large number of models and it may conclude that no 
model is possible by analyzing various possible models. 
HermiT[13] implements Hypertableau algorithm which 
reduces the number of possible models. It follows any-where 
blocking strategy which helps to reduce the number of 
possible models. It adopts various absorption optimizations 
such as normal absorption, role absorption and binary 
absorption [12].  It takes less time for classification compared 
to other reasoner which uses tableau calculus.  

RacerPro [8] reasoner applies tableau algorithm for 
consistency and satisfiability checking. The representation 
language of RacerPro is ALCNHR+(D)[7]. It supports efficient 
TBox(Terminological Box) and ABox(Assertional Box) 
reasoning [9]. It is extended to support inverse roles and 
qualitative number restrictions. Various optimization 
techniques such as dependency directed backtracking and 
semantic branching are incorporated. The design principle of 
RacerPro is that it automatically selects the appropriate 
optimization technique. It is commercial software. The 
comparison of the reasoner is shown in Table 1. 

 

Table 1. Comparison of Reasoners 

The knowledge represented in DL [1] comprises of TBox  
and ABox. TBox (also called Intensional knowledge) 
describes conceptualization i.e. set of concepts and properties 
of those concepts. ABox (also called as extensional 
knowledge) describes the individuals associated with the 
concepts. The basic reasoning task in TBox is satisfiability 
which verifies that there exist a nonempty set of concepts. 
Checking satisfiability of concepts is a key to inference. The 
other reasoning services achieved with TBox are subsumption, 
equivalence and disjointness which could be achieved through 
satisfiability. The basic reasoning task in ABox is instance 
checking which verifies whether the given individual belong 
to the concept specified in the TBox. But consistency plays a 
key role in ABox reasoning services. It checks whether the 
given concept in the knowledge base allows atleast one 
individual. 

Widely considered reasoning services are based on 
concepts and instances. But semantic relationships play a 
major role in complete understanding of the domain 
knowledge. If knowledge is abstract, it is unusable. Hence, the 
methodology is required to infer novel relation between given 
concepts. It helps to provide more semantics to the concepts 
and in turn it helps the user to understand more about 
particular domain.  

Semantic relations are basic components of language and 
thought [4]. The various classifications of semantic 
relationships are given in [2]. The reasoning with relations is 
explained in [3, 6]. In Gene ontology, the relations such as is-

Features Fact++ Pellet Hermit RacerPro 

Expressivity SHOIQ(D) SROIQ(D) SHOIQ+ SRIQ(D-) 

Reasoning 
Algorithm 

Tableau Tableau 
Hypertable

au 
Tableau 

SWRL 
support 

No Yes Yes Yes 

Classification Slow Average Fast Average 

Consistency 
Checking 

Yes Yes Yes Yes 

DIG Yes Yes No No 
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a, part-of and regulates are used derive the new relations.  
Hence, the effort can be made to derive novel relations from 
Ontology and it helps to ameliorate the domain knowledge. 

 

III. PROPOSED ALGORITHM 

Formal Model 

Definition 1: The Domain knowledge D is a collection of 
concepts, relationships, their properties and individuals for a 
particular domain.  

Definition2: The concepts C  are collection of concepts for a 

given domain. It is represented as 
n

CCC ........,
2

,
1

. 

Definition 3: Semantic relationships R are collection of 
relationships that exist between the given concepts for a given 
domain.   

The semantic relations exists between the concepts 

iC
 and jC

 are represented as  

ijR , where  1,1,....2,1  ijni  

 The relationships does not exists between the 

concepts iC and jC are represented as 

  NULLijR    

Definition 4: Properties P are collection of properties of the 
relations for a given domain. It holds transitive, symmetric, 
asymmetric, reflexive and irreflexive properties.  

 A relation R is transitive iff 

RCCRCCRCCCCC  )3,1()3,2()2,1(:3,2,1  

A relation R is symmetric iff 

       RCCRCCCC  )1,2()2,1(:2,1  

A relation R is asymmetric iff 

       RCCRCCCC  )1,2()2,1(:2,1  

A relation R is reflexive iff 

RCCC  )1,1(:1  

A relation R is irreflexive iff 

RCCC  )1,1(:1  

Definition 5: Instances I are collection of individual elements 
that belongs to each concepts. 

 

 By the definition, the domain knowledge can be 

represented as  IPRC ,,, . The concepts, relations and 

properties are represented in TBox. The instances 
corresponding to TBox is represented in ABox. ABox has 
concept assertion and relation assertion which is represented 
as C(x) and R(x,y).  Deduction to subsumption, consistent and 

equivalence, the algorithm should prove its satisfiability i.e. 
the individual exists that would be the instance of the given 
concept. The rules used for satisfiability algorithm [1], is 
given in fig.1. To prove the satisfiability of the semantic 
relations exists between the given concepts, the following 
properties have been adopted. 

 

Property1: Any relation R  which belongs to the particular 
domain iff 

 RRDRRR iiii  / , where ni ...,,2,1  

 

Property 2: The relation that does not exist in the particular 
domain iff 

 RRDRRR iiii  /  , where ni ...,,2,1  

 

Property 3: The relations exist between more than two 
concepts iff 

 jkiikikjiji RCCRCCCCCRR  ),(),(/),(
 

 

Property 4: The relations iR
 is containment of another 

relation jR
 iff 

  jjiijijiiji RCCRCCCDCRR  ),(),(.|   

 

Property 5: The relations iR is equal to another relation 

jR iff 

  jjiijijiiji RCCRCCCDCRR  ),(),(.|  

 

These rules have been used to retrieve the semantic 
relations exists between the given concepts and performs 
consistency checking. SemPER algorithm employs Tableau 

  Rule   : If ABox A  contains )()( 21 xCxC  , but it does not 

contain )(1 xC and )(2 xC  

                Then   )(,)( 21
' xCxCAA   

  Rule   : If ABox A  contains )()( 21 xCxC  , but neither )(1 xC nor 

)(2 xC  

                Then   )(,)( 21
' xCxCAA   

  Rule   : If ABox A contains )().( xCR , but it does not contain 

)(1 xC and )(2 xC  

                Then   ),(,)(1
' yxRyCAA   

            
Fig. 1.Rules for Satisfiability Checking 
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algorithm for satisfiability checking. This algorithm performs 
satisfiability checking over the relations i.e. the relation exists 
between the given concepts of any instances. It retrieves all 
possible relations between the concepts even indirect relation 
persists. It verifies its consistency and proves that the given 
algorithm is sound and complete. The algorithm is shown in 
Figure 2. 

 

 

IV. ILLUSTRATIONS 

4.1 Example 1 

Reasoning over relations is a challenging task. 
Knowledge should be represented in a machine 
understandable format. The university scenario given below is 
represented in Description Logic. Here the given concepts are 
organization, employee, project, person, academic staff, 
publication, etc. The relations given are supervises, finances, 
works at, develops, etc. To expand the understandability, a 
schematic representation is given in figure 3. 

 

Academic Staff 
 


 

supervises Ph.D Student 

Article 
 


 

author Person 

Article 
 


 

cite Publication 

Employee 
 


 

works at Academic Staff 

Employee 
 


 

affiliation Organization 

Employee 
 


 

head Project 

Organization 
 


 

finances Project 

Organization 
 


 

carries out Project 

Organization 
 


 

develops Product 

Organization 
 


 

employs Person 

Organization 
 


 

publishes Publication 

Person 
 


 

Employee 

Project 
 


 

financed by Organization 

Software Project 
 


 

product Product 

 

In this scenario,  

                Query 1: What is the relation between Employee 
and Project? 

    Inference: Employee heads the Project. 

  

The relation between the given concepts is identified from 
the given knowledge directly. Hence it could be retrieved 
easily.  

In this scenario, )Pr( ojectandEmployeeheads . Hence the 

semantic relations are retrieved. 

   Query 2: What is the relation between Employee 
and Publication? 

 Inference: Employee publishes publication 

 

Here, the intermediate relations such as head, finances are 
retrieved along with concepts. The semantic relation satisfies 
functional properties. Generally, the reasoning services are 
performed with concepts. In this, an effort has been made to 
derive the novel relations from implicitly define knowledge. 
Knowledge provides open world semantics. It could be closed 
with the use of this kind of algorithms.  

4.2 Example 2 

Consider another set of documents contains the following 
information: 

Document 1: “Sulphur causes acid rain. It is a preservative 
whose fumes are used to make sugarcane. Sulphur contains 
amino acid. It is essential for health. Sulphur preserves wine. 
Wine affects health”. 

Document 2: ”Acid rain destroys trees. It is caused by air 
pollution. Air pollution affects health”. 

Fig.3 Part of University Knowledge 

ALGORITHM : SemPER Algorithm 

Input :Two concepts C1 and C2  
Output: The Relation R between given concepts C1, C2 

Begin 

      Read C1 and C2   where C1 and C2 are any two concepts 
   //  Check Satisfiability  
      domainthebeDDCCRIf //)),(( 21       

               Return R 
      Else 

             for (i=1; i ≤ n; i++)                        // n denotes 

relations 
               }){{( 12 CCRVerify i  

               Retrieve {C1RiCk , Ck+1 Ri+1Ck+2, ………. CmRnC2}    
                                     where k= 3 to m  // m denotes 

concepts 

              Call relation classifier algorithm 

               If ((P1 (R1)) == (Pi (Ri)) and ( Ri Cati))  

where i=1 to n and CATi is a relation  
category 

                  Return R 

               Else  
                    Check derivation principle 

                    Calculate Semantic Relation Strength 
 Return max(R (C1, C2)) 

 

Fig. 2.SemPER Algorithm 
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Fig. 4 shows the schematic representation of the given 
knowledge. It has been collected from different documents 
and represented as ontology. In this scenario, the naive user 
would like to derive the following 

      Query: Is sulphur affects health? 

 Inference: Yes 

 Inference rule: Sulphur causes acid rain. It causes Air 
Pollution. Air pollution affects health. 

To infer this information, the information should be 
represented in DL. The relation could be retrieved based on 
SemPER algorithm. 

V. IMPLEMENTATION 

In order to provide closed world semantics to knowledge 
base, SemPER algorithm may be used. Widely used 
Ontologies developed using Ontology Web Language (OWL) 
which supports DL and it provides well defined 
expressiveness [1] by preserving its completeness and 
decidability.  In this work, SemPER algorithm is applied to 
various Ontologies and several indirectly specified relations 
are retrieved. It has been implemented using Java in the 
Eclipse platform. Ontologies are retrieved and processed with 
the help of Jena package.  

For implementation, 10 Ontologies and 4 datasets have 
been used. The ontologies such as GO, OBO, CheBI, 
ChemInf, Network, Multimedia, Design Pattern, University, 
KA and E-Toursim have been used.   The Datasets such as 
BioInfer, Reverb, SemEval2010 and Wikipedia have been 
used. Figure 5 shows the comparison of derived relations from 
ontology using SemPER Algorithm. 

 

 

Fig 5. Comparison of Derived Relations from Ontology using SemPER  

  

   

   Fig 6. Correctness of Derived Relations 

 

The correctness of the derived relations is shown in Fig.6. 
The result shows that the correctness of the relations retrieved 
using SemPER algorithm is approximately 70%. Fig. 7 shows 
Positive predictive Value, Sensitivity and F-Measure of the 
extracted relations using SemPER algorithm. 

 

 

        Fig 7. PPV, Sensitivity and F-Measure 

VI. CONCLUSION 

In this paper, various reasoning algorithms have been 
explored. The reasoning algorithms perform consistency, 
satisfiability, classification and instance checking with the 
represented knowledge. The importance of semantic 
relationships is elucidated. In order to retrieve implicitly 
specified relation, a reasoning algorithm based on Semantic 
Relationships has been proposed. It helps to retrieve the 
relations from Ontology. The correctness, positive predictive 
value, sensitivity and F-Measure have been verified over 

Document 1 
Document 2 

Fig.4 Knowledge from different documents 
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retrieved relations. This reasoning algorithm can be used to 
provide extended knowledge to the user. 
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