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Abstract

The article presents a simple way how knowledge represented
via RDF triples provides an easier method of inference,
managing and finding interrelations between knowledge objects
than that an approach based on OWL language. The authors of
the article come out of the T. Richard’s inference system of the
Clausal Form Logic (CFL) based on the formal manipulation
with conditional ,,if — then“ statements, and an idea of RDF
extended model (with quantifiers) of knowledge representation to
propose an inference mechanism RDF RR working over
knowledge bases of RDF triples.

Keywords: RDF extended model, CFL, Clausal Form Logic,
graph.

1. Introduction

There are a lot of approaches in Al, presenting solutions
how knowledge can be managed and used for deductions
of new knowledge. However, a lot of those approaches are
built on requests of semantically rich language for
knowledge capturing (like OWL) and powerful inference
mechanism typically built on some kind of description
logic. There are also many resources collect in simple
relation information captured by simple knowledge
representing tools, typically as pairs of objects bounded
with some relations in a RDF triple.
For RDF model, which is typically aimed towards the
conceptual level of knowledge representation, there are
not very many approaches resolving an inference over
such knowledge bases. Here we show one of them — with
the usage of Clausal Form Logic (CFL) we present a
resolution reasoning (RR) mechanism how the knowledge
base using a format of RDF triples can be handled.
At the beginning we had a starting state composed of two
distinct qualities:
1. an inference system of a Clausal Form Logic of

T. Richards [1] based on the formal manipulation

with conditional ,,if — then* statements; it belongs

to the versions of the first order logic (FOL)

mostly used within computer science as a method

of formal reasoning,

2. an idea of RDF extended model (with quantifiers)
of knowledge representation [2].
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In our paper we would like to show that CFL based on
extended RDF-triple knowledge representation could lead
to an easy-to-use method of resolution reasoning within
the space of RDF triple knowledge representation, Linked
Data inclusive.
To realize our proposed RDF resolution reasoning (RDF
RR) method, it is necessary to fulfil a further precondition
as a third starting component. It consists in a clausal form
style of knowledge representation. It means:
If the RDF RR method ought to be realized, it is necessary
3. to create a special “RDF-clausal form space” of
the stored knowledge.

2. Richards” CFL and a corresponding
extent of RDF model

In the CFL language a general clause is of a form
<antecedent> — <consequent>,
one of them possibly could be empty,
or
Pl1&...& Pm — Qlv...v Qn
or
P1,--:,Pm — QI,***, Qn

( “—7 is ameta-symbol “implies” , the antecedent is a
conjunction of some set of positive atoms of first order
predicate logic {P1,***, Pm} and the consequent is a
disjunction of another set of positive first order predicate
logic atoms {Q1,*+, Qn}.

To be usable in RDF triple representation format the first
order predicate logic atoms in clauses have to be rewritten
as follows:

In relation to the first order logic a RDF triple

({ subject ), ( predicate ), { object ) )
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or graphically: 3. Knowledge representation by RDF CFL
predicate symbol clauses
subject > object ) ) )
T. Richards [1] proposed the version CFL of the First
Order Logic (FOL) that corresponds to the mostly used
Fig. 1 conditional ,,if — then* statements. Generally, a conditional

has been built on the concept of an elementary statement -
predicate atom represented in the first order predicate
logic by binary predicate:

( predicate_symbol ) ( { subject ), { object ) ).
RDF model according to the document W3C [Chyba!
Nenalezen zdroj odkazi.] does not contain a mechanism
to represent universal or existential quantification in the
subject or object parts of RDF triples. Authors specify
within the graph based format only blank nodes
expressing the fact that there exists a URI reference
making the statement of the triple true. Graphs without
blank nodes are then ground RDF graphs.
However, generally we are able to rewrite first order logic
formulas into special clausal forms, where all the
universally quantified individual variables are conceived
as variables of universal character (now represented
without quantifiers) and all the existentially (previously
bounded to existential quantifier) are eliminated by
skolemization, and in this form (without quantification
symbols) marked with special characters as existential
terms. This is the approach that uses also the Clausal Form
Logic (CFL) [Chyba! Nenalezen zdroj odkazi.].
In order to a more expressive RDF model (to be able to
express general or existential statements) we have
undertaken the CFL convention to extend the set of RDF
subject/object labels (previous only URIs or blanks). To
express universal and existential quantified variables uses
our RDF CFL format as well as the language of the CFL
the following convention:

e  Each of the variables within clauses be universal
and labeled by a character chain with a capital
letter at the first position.

e Skolem symbols as results of the former Skolem
process within the transformation into clausal
form are labeled by character chains with the @
symbol as a prefix.

Our RDF CFL format is now able to express statements

like “Everybody likes anybody”.

likes

Fig. 2

statement (clause) proposed by T. Richards says that some
consequent statement composed as a disjunction of some
predicate atoms follows from another antecedent statement
composed as a conjunction of some predicate atoms.

The case of RDF format of representation we consider
here under a name RDF CFL is a special case of the
original Richard’s CFL that shares all the properties of
semantically sound and complete formal system with an
extended RDF model (see above) by universal and
existential terms. RDF CFL format uses the following
syntax of clauses based on RDF-triple form of knowledge
representation atoms:

e Unconditional clauses
(ground/universal/existential) without
antecedent/consequent
representing positive/negative facts,

e Conditional clauses (rules)
(ground/universal/existential)

Conditions represent rules (see (1))
Qif P& P, &..&P,
with antecedent
P& Py&... &P,
and consequent

Q=Qv QaVv... VQu.

Atomic statements Py,..,P,, Qi,...,Q, form generally the
following structure of the general CFL clause

Pl&& Pm — Q1V...V Qn
or simply
<antecedent> — <consequent>.

To represent RDF-triples RDF CFL we use here a pseudo-
format (without URIs) of the form like

anne knows john, john isa student,...

On the base of RDF-triple representation of positive
atoms, we have schemes (C1), (C2), (C3) of clauses (written
in a special pseudo-format without URIs).
(C1):
clause
antecedent
< a set of atoms of the antecedent in the form of RDF-triples>
/antecedent
consequent
< a set of atoms of the consequent in the form of RDF-triples>
/consequent
/clause
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Antecedent or consequent of the conditional clause could
become also an empty set of atoms.
The clause (C2):

clause

e If a negative ground atom ought to be ordered
into the antecedent set of atoms, transfer it as a
positive atom into the consequent set of atoms.

e If a negative ground atom ought to be ordered
into the consequent set of atoms, transfer it as a

consae:::n;nows iohn positive atom into the antecedent set of atoms.
Jconsequent e Similarly to CFL, our RDF CFL format also
[clause (C3) applies a special transfer rule in the case of

has a meaning of a positive fact “Anne knows John.”

universal/existential clause. For example the
clause “It is not true that Jane knows everybody,

(C3): so somebody is a stranger of Jane.” changes after
clause the transfer into a clause “Jane knows everybody
antecedent or somebody is a stranger of Jane.”
anne knows john 4) Knowledge base of the RDF RR is a set of the
/clau/::tecede”t RDF clauses in the form of (C1), (C2) or (C3).

represents a negative fact “It is not true that Anne knows
John.”

The structure of the clause allows only constructions of
clauses with connections & in the antecedent and
connection Vv in the consequent. If necessary, CFL solves
as well as our RDF RR format the problem by a following
decomposition of the clause into n (m) separate clauses

P, > Qv...v Q, P&...& P, — Q

Pn— Qv...vQ, P&...& P, — Q,

To prepare a knowledge base for our proposed RDF RR
method of resolution reasoning the following three steps
have to be made:

1) For the sake of expression of the clause in RDF-
triples, all the atoms of first order logic have to be
transformed into a corresponding binary version.
To order of a unary predicate (for example
wise(john), wise(X) — “John is wise”, “everybody
is wise”)) into the RDF-triple format, the use of a
concept of the binary predicate isa(<terml>,
<term2>) with the meaning “is a” (isa(john,
wise), isa(X, wise)) is possible. Now the
corresponding RDF triple is of the form
<terml> isa <term2> (john isa wise, X isa wise).

2) To use RDF extended model with quantifiers.

3) To express "if - then" condition, we introduce
RDF CFL clauses (C1) having an antecedent and
a consequent part. Clauses with terms containing
universal/existential symbols are
universal/existential clauses; otherwise they are
taken as ground clauses.

For the ground clause holds the following “rule of the
transfer of negative ground atoms””:
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4. Resolution reasoning on RDF RR
knowledge bases

RDF RR works with the help of two rules - the
substitution rule and the cut rule, both are well known in
the first order logic. Together the two rules form as well as
in the CFL, the resolution rule.
e  The substitution rule:
From a clause with variables we can obtain a new
clause by a uniform substitution of a term for
some of the variables.
e The cutrule:
If the knowledge base contains two clauses
sharing the same atom, once in the antecedent and
once in the consequent, then we can obtain a new
clause by cutting out the same atoms at both sides
and create a new clause with an antecedent
(consequent) that contains all the atoms of the
original clauses antecedents (consequents).
In our paper [4] we have treated a special case of the RDF
CFL modeling as the knowledge representation tool in the
graph-based RDF notation.
The RDF-tiples are captured in the similar xml-element
oriented way like the content of the ,,clause” is. Due to
lack of space the following examples presents rdf triples
only in the way of sentences containing three words. In
full formula, Theky are also decomposed into free element
describing subject, predicate and object.

Example 1

Immigration rules of an EU country for citizens of other
countries forms in the language of RDF RR a knowledge
base that consists in the following set of clauses {1., 2., 3.,
4.3.
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1. <clause>
<antecedent>
X citizen Z, Z isa EUcountry, Y isa EUcountry
</antecedent>
<consequent>
X may_enter Y
</consequent>
</clause>

2. <clause>
<consequent>
anne citizen aus
</consequent>
</clause>

3. <clause>
<consequent>
aus isa EUcountry
</consequent>
</clause>

4. <clause>

<consequent>
@EUcountry isa EUcountry
</consequent>
</clause>

Clauses 1.- 4. — Prerequisites of the proof.
Proof of the statement ,,Anne may enter.“ on the
knowledge base {1., 2., 3., 4.} in the language of RDF
RR:
5.  <clause>
<antecedent>
X citizen Z, Z isa EUcountry, @EUcountry isa EUcountry
</antecedent>
<consequent>
X may_enter @EUcountry
</consequent>

</clause> 1. after the substitution/@EUcountry/Z |
6. <clause>

<antecedent>

X citizen Z, Z isa EUcountry

</antecedent>

<consequent>

X may_enter @EUcountry

</consequent>

</clause> cut4.,5.
7. <clause>

<antecedent>

anne citizen aus, aus isa EUcountry

</antecedent>

<consequent>

anne may_enter @EUcountry

</consequent>

</clause> 6. after the substitution fanne/X, aus/Z]
8.  <clause>

<antecedent>

anne citizen aus

</antecedent>

<consequent>

anne may_enter @EUcountry

</consequent>

</clause> cut3.,7.
9. <clause>

<consequent>

anne may_enter @EUcountry
positive statement as a result of inference
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</consequent>
</clause> cut 2.,8.

Example 2

Indirect proof of the conclusion “If Chen has visa, he may
enter country EU” if a knowledge base (prerequisites)

consists in the following <clause>s 1. — 6..
1. <clause>
<antecedent>
X citizen Z, Z isa EUcountry, Y isa EUcountry, Z needs visa Y,
X has visa Y
</antecedent>
<consequent>
Zisa EUcountry, X may_enter Y
</consequent>
</clause>
2. <clause>
<consequent>
chen citizen china
</consequent>
</clause>
3.  <clause>
<antecedent>
china isa EUcountry
</antecedent>
</clause>
4.  <clause>
<consequent>
china needs_visa EUcountry
</consequent>
</clause>
5.  <clause>
<consequent>
@EUcountry isa EUcountry
</consequent>
</clause>
6.  <clause>
<antecedent>
chen has_visa @EUcountry
</antecedent>
</clause>
7.  <clause>
<antecedent>
chen may_enter @EUcountry
</antecedent>
<consequent>
chen has_visa @EUcountry
</consequent>
</clause> (clause to be proved - negated)
8.  <clause>
<antecedent>
chen citizen china, @EUcountry isa EUcountry,
china needs_visa @EUcountry,
chen has_visa @EUcountry
</antecedent>
<consequent>
china isa EUcountry, chen may_enter @EUcountry
</consequent>
</clause>

( 1. after the substitution [chen/X, china/Z, @EUcountry/Y ] and
transfer china isaEUcountry)

1JCSI
www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Vol. 9, Issue 3, No 1, May 2012
ISSN (Online): 1694-0814
www.lJCSl.org 31

9.  <clause>
<antecedent>

scale integration of, and reasoning on, data on the Web or

- . ; _ , creating mnew interesting interrelations. Briefly, a
g:a::;::ycmna' ©@EUcountry isa Ecountry, china needs_visa knowledge system of realizing the Web3 idea of a
</antecedent> Semantic Web has a goal:
</clause> (cut 8.,3., cut 8.,7) e to create new and useful knowledge from

10. <clause>
(inconsistent empty clause — clash)

</clause> (cut 2., 9., cut5., 9., cut4.,9.)

5. Semantics of RDF CFL clauses

The formal system RDF RR has been defined above by its
language RDF CFL, syntax of clauses ((C1), (C2), (C3))
used to represent knowledge bases, and resolution
inference rules as a ground for creating special theories by
means of formal proofs. The system ought to be presented
as well as the CFL as a formal system corresponding to the
first order predicate logic.

If all the variables of a RDF triple have been evaluated by
constant terms, the triple becomes a ground atom. Truth
value of the atom (triple) in an interpretation | then
corresponds to the truth value of a corresponding predicate
atom in the first order logic model-theoretic interpretation.
It means:

A ground atom is true in an interpretation | iff there exists
a pair of elements within the relation ordered in the | as a
denotation to the triple’s predicate that equals to a pair of
constant terms of the ground atom. Otherwise it is false.

A ground conditional clause is false iff all of the
antecedent are true and all the vectors of the consequent
are false. Otherwise it is true.

In the case of a clause with an empty antecedent, the
logical constant true stays for it and in the case of an
empty consequent fulfils the role the logical constant false.
A conditional clause is consistent in an interpretation |
given if there is a valuation of all the variables that makes
the clause true.

6. Conclusions and furthers ideas

As each of the formal system ought to operate on
knowledge bases because of obtaining new consequents
and interrelations between them it is natural to find and
develop a knowledge system that can manipulate with
structured data in a straightforward way without a
necessity of rewriting simple knowledge representing only
relations between objects into a semantically more
complex languages like OWL.

At present, realization of a Semantic Web idea (or Web3
idea to harness collective intelligence on the base of a
special structure of linked pieces of knowledge) consists
more or less in a concept of Web of Linked Data by means
of RDF model knowledge representation. It means large
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multiple or large collections of data based on
human contributions augmented by the RDF
technology of structured data,

e to provide answers, solutions, discoveries or
other results beyond the original data based on
computation and inference.

To make the Web of Linked Data a reality, it becomes
important to have the huge amount of “topic centred” data
on the Web available in a common standard format RDF,
reachable and manageable by Semantic Web tools.

A willingness to develop a knowledge system that would
be able to manipulate with RDF structured data in a
straightforward way without rewriting knowledge into a
language like OWL is natural.

One of the possible approaches to reach the second goal
mentioned above consists in a formal system of Resolution
Reasoning based on RDF-clause based linked data.

A useful tool of resolution reasoning on linked knowledge
would be based on the RDF RR formal system of
reasoning that we have presented here.
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