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Abstract— The concept of negation plays a special role I. INTRODUCTION

in non-classical logics and also in knowledge represen- Ue to its distributed and world-wide nature. the
tation formalisms where negative information has to be !

taken into account on par with positive information. In We.b creates new problems for knowledgg rep-
the tradition of mathematical logic, there is a general resentation research. Already when the Semantic Web
preference to consider positive information as basic and Initiative was launched it was observed that the glob-

treat negative information as derived. This has also been gjization of knowledge representation introduces new
the approach in relational databases, in normal logic challenges:

programs, and is now again the approach in the Resource

Description Framework (RDF) that has recently been pro- The Semantic Web is what we will get if
posed as a general language for representing propositional we perform the same globalization process
information on the Web by the World Wide Web Com- to Knowledge Representation that the Web

mittee (W3C). However, as we argue in this article, any
practical knowledge representation formalism, especially
for the Web, has to be able to deal with knowledge items

initially did to Hypertext. We remove the
centralized concepts of absolute truth, total

involving partial predicates for which negative information knowledge, and total provability, and see what
is as informative as positive information, and which may we can do with limited knowledge. [7]
have truth-value gaps and truth-value clashes. This kind In the same set of documents [5], the following

of knowledge is best _representeq and _processed with_the fundamental theoretical problems have been iden-
help of the two negations of partial logic, one expressing p

explicit falsity and the other one expressing non-truth.  tified (besides other ones):

« Negation, Contradiction, and Inconsistencies

o Open World versus Closed World assumptions
« Rule Systems for the Semantic Web

For the time being, the first two issues have been
circumvented by discarding the facilities to introduce
them, namely negation and closed world assumptions
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and by the Swiss Federal Office for Education and Science withj

the 6th Framework Programme project REWERSE number 5067%IeS _m the_ Semantic Web [23]' [30] has restarted
(www.rewerse.net). Some ideas described in this paper have bébe discussion of the fundamentals of closed-world
presented by Gerd Wagner at the International Workshop on Negg&asoning and the appropriate mechanisms to implement
tion in Constructive Logic, July 1-4, 2004, Dresden University of

Technology, Germany. ISSN 1109-93050 2004 AMCT

Index Terms— RDF, negation, partial logic



26 ANNALS OF MATHEMATICS, COMPUTING & TELEINFORMATICS, VOL 1, NO 2, 2004, PP 25-34

it in rule systems, such as the computational concept &#nse of “she doesn't like snow” or “he doesn't trust
negation-as-failure you”), and a strong negation expressing explicit falsity
The RDF(S) recommendation [19] has been a maj¢in the sense of “she dislikes snow” or “he distrusts
step forward and provides solid ground to discuss th@u”). Notice that the classical loglaw of the excluded
issues. We defend that partial logics [21] are fundamiddle holds only for the weak negation (either “she
mental for knowledge representation in general, anites snow” or “she doesn't like snow”), but not for the
for knowledge representation on the Web in particulastrong negation: it does not hold that “he trusts you” or
Furthermore, we argue that semantics and inferenttee distrusts you”; he may be neutral and neither trust
operations like the ones proposed in the logic praor distrust you.
gramming and deductive database communities [1], [4], A number of knowledge representation formalisms
[10]-[12], [15], [17], [24], [27], [28], [31], [35] should and systems (see, e.g., [1], [12], [17], [24], [31], [35])
be the basis for developing Web rule formalisms.  follow this distinction between weak and strong nega-
tion in natural language. However, many of them do
A. Partial Logic Semantics for Computational Forms ohot come with a model-theoretic semantics in the style
Negation of classical logic. Instead, an inference operation, that
In [35], it was argued that a database, as a knowledgdy be viewed as a kind of proof-theoretic semantics,
representation system, needs two kinds of negation to iseProposed.
able to deal with partial information. In [38], this point Classical (two-valued) logic cannot account for two
was made for the Semantic Web as a framework f&nds of negation because two-valued (Boolean) truth
knowledge representation in general, and in the presdnnctions do not allow to define more than one negation.
paper we make the same point for the Semantic Wallhe simplest generalization of classical logic that is able
language RDF and show how it can be extended to account for two kinds of negation fgrtial logic giv-
accommodate the two negations of partial logic. ing up the classical bivalence principle and subsuming
Computational forms of negation are used in impera number of 3-valued and 4-valued logics. For instance,
tive programming languages (suchJavd, in database in 3-valued logic with truth value$f, u, ¢} standing for
guery languages (such &9QL), in modeling languages false undeterminedalso calledunknownor undefined
(such asUML/OCL), in production rule systems (suchand true, weak negation (denoted by) and strong
asCLIPSandJes$ and in logic programming languagesnegation (denoted by) have the following truth tables:
(such adProlog). In imperative programming languages,

. . o . p | ~p p|p
negation may occur in the condition expression of T f T f
a conditional branching statement. In database query ul ot ul u
languages, negation may occur in at least two forms: as f ¢ it

anotoperator in selection conditions, and in the form of
the relational algebrdifferenceoperator (corresponding  Notice the difference between weak and strong nega-
to the SQLEXCEPToperator). In modeling languagesion in 3-valued logic: if a sentence evaluatesuton
negation occurs in constraint statements. E.g., in OC&,model, then its weak negation evaluates tovhile
there are several forms of negation: in addition to thés strong negation evaluates #oin this model. Partial
not operator in selection conditions also tregectand logics allow for truth-value gapscreated by partial
the isEmptyoperators are used to express a negatiqﬁ[edicates to which the law of the excluded middle does
In production rule systems, and in logic programming§ot apply.
languages, a negation operanat typically occurs only ~ However, even in classical logic, where all predicates
in the condition part of a rule with the operational seare total, we may distinguish between predicates that
mantics ofnegation-as-failuravhich can be understood are completely represented in a database (or knowledge
as classical negation under the preferential semanticshefse) and those that are not. The classification if a
stable models. predicate is completely represented or not is up to
In all these computational information processinghe owner of the database: the owner must know for
systems, negation is, from a logical point of view, not ahich predicates she has complete information and for
clean concept, but combines classical (Boolean) negahich she does not. Clearly, in the case of a completely
tion with negation-as-failure and the strong negation eépresented predicate, negation-as-failure amounts to
three-valued logic (also callédleene negation In any classical negation, and the underlying completeness as-
case, however, it seems to be essential for all thesemption is also calle@losed-World Assumptiom the
systems to provide different forms of negation. case of an incompletely represented predicate, negation-
In natural language, there are (at least) two kinds ak-failure only reflects non-provability, but does not
negation: a weak negation expressing non-truth (in ttadlow to infer the classical negation. Unfortunately,
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neither CLIPS/Jess nor Prolog support this distinction 4) All properties and resources, except literals, are
between ‘closed’ and ‘open’ predicates. named with the help of a globally unique refer-
Open (incompletely represented total) predicates ence schema, called Uniform Resource Identifier
must not be confused with partial predicates that have  (URI), that has been developed for the Web.
truth-value gaps. The law of the excluded middle, 5) RDF comes with a non-standard model-theoretic
p V —p, applies to open predicates but not to partial semantics developed by Pat Hayes on the basis
predicates. of an idea of Christopher Menzel, which allows
For being able to make all these distinctions and to  self-application without violating the axiom of
understand their logical semantics, we have to choose foundation. An example of this is the provable
partial logic as the underlying logical framework. Partial sentence stating that rdfs:Class, the class of all
logic allows to formally distinguish between falsity and classes, is an instance of itself.
non-truth by means of strong and weak negation. In theThe predefined vocabulary of RDF comes in two
case of a total predicate, such as being an odd numHayers:
both negations collapse: 1) the basic RDF layer, which includes the terms
) type and Property,
~oddz) iff ~odd(x), 2) the RDF Schema (RDFS) layer, which includes
the terms: Resource, Literal, Class, Datatype,

or in other words, the non-truth of the atomic sentence -
domain, range, subClass@hdsubPropertyO f.

odd(z) amounts to its falsity. In the case of a partial
predicate, such akkes we only have the relationship

o T X C. Open World and Closed World Reasoning
that the strong negation implies the weak negation:

In the last years, we have observed an intense quarrel
about the benefits and problems of allowing honmono-
tonic constructs for knowledge representation on the
but not conversely. Also, while the double negation formgveb. It is now pretty clear that both sides of the dispute
'— ~' collapses (according to partial logic, see [21])agree on the need to have mechanisms for expressing
the double negation form~ —' does not collapse: nonmonotonic constructs, and the term “nonmonotonic”
not disliking snow does not amount to liking snowjs pervasive in some Semantic Web related documents,
Classical logic can be viewed as the degenerate cagfne of which are cited below:
of partial logic when all predicates are total. From RDF semantics recommendation [19]:

RDF is an assertional logic, in which each
triple expresses a simple proposition. This
imposes a fairly strict monotonic discipline
on the language, so that it cannot express
closed-world assumptions, local default pref-

~likes(she,snowif —likes(she,snow)

B. The W3C Resource Description Framework (RDF)

RDF is a special predicate logical language that
is restricted to conjunctive sentences (i.e. existentially
quantified conjunctions of atomic formulas) involving erences, and several other commonly used
binary predicates, only. Due to its purpose, RDF has non-monotonic constructs.

a number of special features that distinguishes it from grom Lbase working group note [18]:
traditional logical languages: In this document, we use a version of first or-
1) It uses a special jargon, where the things of the der logic with equality as Lbase. This imposes

universe of discourse are calleglsourcestypes
are callecclassesand binary predicates are called
properties Like binary relations in set theory,
properties have domainand arange Resources
are classified with the help oftgipeproperty (for
stating that a resource is of type C, where C is a
class).

a fairly strict monotonic discipline on the lan-

guage, so that it cannot express local default
preferences and several other commonly-used
non-monotonic constructs. We expect that as
the Semantic Web grows to encompass more
and our understanding of the Semantic Web
improves, we will need to replace this Lbase

2) It distinguishes two sorts of individuals: proper with more expressive logics.
individuals andliterals (or, more preciselylit- From SWRL proposal [23]:
eral value3, which are the denotations of lexical Users also may want to restrict the ex-
strings. pressiveness of the OWL classes and de-
3) Properties are resources, that is, predicates are scriptions appearing in rules. [...] Suitably-

also elements of the universe of discourse. Con-
sequently, it is possible to state properties of

properties, i.e. make statements about predicates.

restricted SWRL rules can be straightfor-
wardly extended to enable procedural at-
tachments and/or nonmonotonic reasoning
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(negation-as-failure and/or prioritized conflictiot of time to reach consensus about the most valuable
handling) [...] proposals and solutions.
We argue that a language with two kinds of negation
is essential for satisfying both sides of the disputgy -gniradictions and Inconsistencies
by providing an answer to the major objection against

using honmonotonic constructs as well as not loosing 1€ ability to express negative knowledge, besides
expressive power: positive one, is an obvious requirement for a knowledge

The relationship between monotonic and representation Ianguage._This also holds for the new
nonmonotonic inferences is often subtle. For languages of the Semantic Wek_), since for instance one
example, if a closed-world assumption is has to be capgble of expressing tha}t a usey/machme
made explicit, e.g. by asserting explicitly that !S.“.NC.)T a}qthquzed” to access some |pf0rmat|on. Qne
the corpus is complete and providing explicit initial justification for having this limitation appears in

provenance information in the conclusion, the Semantic Web Roadmap [6]:

then closed-world reasoning is monotonic; As far as mathematics goes, the language

it is the implicitness that makes the rea- at this point has no negation or implication,
soning nonmonotonic. Nonmonotonic conclu- and is therefore very limited. Given a set of
sions can be said to be valid only in some kind facts, it is easy to say whether a proof exists

of 'context’, and are liable to be incorrect or not for any given question, because neither

or misleading when used outside that context. the facts nor the questions can have enough
Making the context explicit in the reasoning power to make the problem intractable. [6]

and visible in the conclusion is a way to map The tractability argument can no longer be used, since
them into a monotonic framework. [19] as it is stated in the RDF(S) W3C recommendation [19],

We agree that considering the context may help tbe general problem of determining simple entailment
make nonmonotonic reasoning more transparent. Obetween arbitrary RDF graphs is decidable but NP-
possible step in this direction is to allow publishersomplete. So, the question is now whether there are any
and users of Web knowledge making their own open &nowledge representation frameworks with the same, or
closed world assumptions about particular predicatessimilar complexity classes, supporting rules and (two

We think that for each Web user/agent/applicatiokinds of) negation.
one should make a distinction between the ’local’ By restricting the language of our theories to the Dat-
knowledge under its own control, other local knowlalog case (no function symbols), the data complexity of
edge items controlled by other agents, and the 'publithe language proposed in the paper is co-NP-complete
knowledge items shared within communities. The lattdr.e. testing if a query holds in all stable models), and
is not controlled by a single agent but by entire comNP-complete for testing the existence of a stable model.
munities. This is immediate from the bunch of complexity results

The natural incompleteness of the knowledge availer logic programming [13] and the relationship [21] of
able to a reasoning agent in many domains, in particulaur semantics with (Paraconsistent) Answer Set Seman-
in the context of the Web, is the main reason to empldics [17], [26], [31]. Other formalisms even have lower
nonmonotonic constructs for jumping to conclusiondata complexity classes, like the Well-founded Seman-
needed for decision making and acting. Adopting #cs [14] and its extensions supporting two forms of
strictly monotonic reasoning discipline will not allow tonegation [1], [10], [11] which are P-complete. A major
draw any conclusion in many situations, so no decisioeason for these good complexity results is that the ar-
can be made and no action performed, which is oftenw symbol ) in our rules is interpreted as a sequent,
simply not feasible. So, what mechanisms should lestead of an implication, and therefore it can only
employed for deriving implicit knowledge from thebe used in one direction. The classiddbdus Tollens
knowledge items that have been asserted? cannot be applied, avoiding the indirect inference of

First, we may observe that ad-hoc construcidisjunctive conclusions. Furthermore, disjunctive heads
like the CWM operatordog:DefinitiveDocumentand are also not allowed, thus it is easy to see that there is
log:notincludes(see [9]) are certainly good for ex-no way of obtaining arbitrary disjunctive conclusions.
perimentation but do not provide a general approachhis language limitation keeps data complexity from
It seems to be more promising to investigate thiecreasing to higher complexity classes [13].
nonmonotonic constructs studied and proposed by theThe availability of negation also paves the way to
Nonmonotonic Reasoning, Deductive Databases, atite problem of handling contradictions in the Semantic
Logic Programming communities in the last 30 year§Veb. Avoiding contradictions by not allowing to express
The issues are subtle and took these communitiesheem is probably the main motivation for not having
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negation in RDF. This is an important concern, since The concept of Local Closed World assumptions,
in classical logic the existence of a single contradictioas proposed in [20], is based on the idea to have
in a 'theory’, or knowledge base, leads to an explosicsyntactic mechanisms for being able to express that
of the consequence set because ofakeontradictione a predicate is closed, i.e. if it cannot be inferred to
sequitur quodlibeprinciple apply, then we can infer that its negation applies. The
standard negation mechanism in logic programming
I4,-AEB (widely callednegation-as-failurgis based on a general
wherel is an arbitrary first-order theory, antiand B Closed World assumption. The major problem with the
arbitrary formulae. Logics based on this principle arBroposal of Heflin and Munoz-Avila is the use of a
also calledexplosive In general terms, this means thaflark's Completiorlike approach, which is well-known
if a single contradiction is present then everything cai® suffer from serious problems (see [32], [33]), even
be concluded (every sentence is trivially true), renderintfithout negation. For instance, if someone expresses the

the entire body of knowledge useless. following knowledge:
However, contradictions will surely exist among
the knowledge items asserted on the Web. Some member EU (Austria) «
may argue that in order to avoid contradictions, we member EU (Belgium) «
should not have negation in Web languages, such as :
RDF. But notice that the inconsistency problem al- memberEU(Uni.tedKingdom) -

ready occurs in RDFS even without negation. Since

there are RDFS-inconsistent graphs on the Web (s%py completing the previous knowledge, you will get
e.g., http:/;www.w3.0rg/2000/10/rdf-tests/rdfcore/rdfsg, ¢ every country which is not listed is not a member

entailment/test001.nt), we can conclude everything agrate of the European Union, which is the intended
cording to the classical logic RDF(S) semantics. Thir"heaning. However, if the following rule is added to
is clearly unsatisfactory. The classical logic explosiof,q previous set of facts:

principle does only make sense for mathematical theo-

ries WhI.Ch claim to be true in the sense of metaphysm% ember EU (2country) — member EU(2coumtry)
and which can therefore not tolerate any inconsistency.

The situation is different in knowledge representatiorg th letion introd tautol hich
where we do not deal with metaphysically true theorie@en’ € completion introduces a tautology which pre-
ents the derivation of the intended negative conclu-

but with the beliefs (information and knowledge itemsz. o .
ions; this is an undesired feature.

of fallible humans and software agents. i i ]

It is also known from the literature that in general
the Closed World Assumption is not the same as Com-
pletion, which can easily become inconsistent when

As opposed to the predicates such as ‘likes’ or ‘ifegation is introduced in the language [32].
the author of’, there are also predicates for which there preferable approach is to add to the previous

is no need to express negative information because ﬁrtﬁowledge the following rule
available positive information about them is complete
and, consequently, the neggtlvg mformguon is smplxmember EU
the complement of the positive information.

For instance, the W3C has complete information L . .
about all official W3C documents and their normativ%\igzggvih:; Iv?/illk?gv\\//en ttr:]:ﬁ';ig;%egf %egrriﬂlci:)er Ibsoth
status (http:/lwww.w3.0rg/TR/ is the official list of W3C revioﬁs situations, and in fact is accepted asgthe correct
publications); consequently, the predicé&ean official P ' P

W3C documenshould be declared as closed in th ay of completing knowledge in logic programming

W3C knowledge base (making a ‘local’ completenesgnguages with two kinds of negation, either based on

. . ! ; ; well-founded inference or on stable model semantics.
assumptionf] This consideration calls for a suitable

exenson of ROF(S) i eder b alen maying suc{ 50 12 £ 8 0 el oy amalzed |
declarations for specific predicates. P ’

For sentences formed with closed predicates it \I/gell—understood behavior and mathematical properties

natural to use negation-as-failure for establishing theilP well as a widely accepted semantics. Notice that this

falsity: anything not listed on that page cannot be g'orelgzagf'srzg r;:;gi 'Etkréntsr']zag{];snggg i)a(tljs'{iint(;ﬁso\fvévrvlf
W3C recommendation. 9 ’ p )

Symmetrically, one can complete negative knowledge
1This example is due to Sandro Hawke. like in the following example, which models a simple

II. OPENWORLD AND CLOSEDWORLD REASONING

(Pcountry) «—~ member EU (?country)
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remote connection authorization manager: discussion of the advantages of one mechanism over
the other, are in some sense futile. If you have one,

you can get the other. There are still some other issues
to address related to the use of weak negation, namely
non-ground weak negations, which have been studied in
the literature and are fully understood, but lie outside

the scope of this paper.

—authorize(root) «—

—authorize(Tuser) « —registered(?user)

authorize(Tuser) «— ~ —authorize(?user)

registered(a) «—

registered(c) «

registered(root) «—

—registered(?user) «— ~ registered(?user)
user(b) — [1l. CONTRADICTIONS AND INCONSISTENCIES
Allowing negation in a knowledge representation

e|’1guage does not imply to adopt an explosive logic
sfich as the classical logic semantics of RDF(S) [19].

here has been a lot of work on inconsistency-tolerant

Remote connections to the user root are not authorizig
as well as to any user not registered in the system (t
use of weak negation is fundamental in order to avo

listing 6.1” the unregistered users)_. Usersc and.mOt logics from which the Semantic Web may benefit.
are registered users, whereas usirnot. In particular, | . . . .
n particular, in the area of logic programming and

we are able to conclude from the above knowledge th%}owledge representation with two kinds of negation,

—authorize(root) authorize(c) there are several proposals how to tolerate inconsistency
—authorize(b) authorize(a) (see [1], [4], [10]-[12], [26], [31], [36], [37]). Also the
partial logic based semantics we propose here allows to

i - ) ? ? .. .
Nofice that ~authorize(Tuser) holds for any?user y10rate contradictions in the knowledge base.
distinct froma andc, in particular forb.

Th tical sianifi f th d h Consider the case that your rules entail that a user
€ practical significance of the proposed Mecha s 4 thorized to enter a certain information system,

nism is Fhat the user/knowledge engi_neer may CONStrUEl ol as that access should be denied. Should such a
Semantic Web knowledge bases using only the SUORGnflict affect the authorization of another uge(for

Phegatlog_ cc:nnec::ye;}—(), anclj th((ajn exphc!tI)é.dgclalntr:g jnstance the system administrator) to access the system?
€ predicates which are closed, on an INAvidual basiSe ., ,rse it can be said that it is your system that is

There is no loss of generality with this approach, Sinﬁﬁ-defined, but contradictions will definitely occur in

a weak nggation can always be iqtroduced by resortlrégdistributed and global system such as the Webh. What
to an auxiliary predicate and closing a program rule. s[laould be done in the face of such a contradiction? Your

Suppose that a Semantic Web programmer wants : )
use weak negation in his knowledge bases. He intré¥Stem could be immediately shut down and not turned

duces a new predicate symbol, sayt_P to represent on again before it has been repaired, or you can continue
the weak negation ofP, which can be defined byto use it while the problem is being analyzed and
closing the negative instances of the rtieot_P <— P.  solyed? Clearly, the answer depends on the particular
A similar technique can be applied to obtain the we ituation, but both approaches should be possible.

i f-P i _neg_P: . .
negation of~F, captured by predicatgot.neg Consider the following knowledge, abstracted from

“not_P P —notneg P « =P recent events in the world:
not_P «—~ —mnot_P not_neg_P <~ —not_neg_P .
alive(mrA) «—
Furthermore, one can even relate both forms of nega- —alive(mrA) «
tion by introducing an extra rule, in the spirit of the bury(?X) « —alive(?X)

semantics proposed in [1], [10], [11], [29] obeying to
the coherence principle, by letting strong negation entail elected(mrB) —
the weak form: oil _price_increases «— elected(mrB)

oil_price_increases «— —alive(mrA)

—cnot_P «— P —cnot_neg_P «— —P
cnot_P «— =P cnot_neg_P «— P teacher(mrC) «
cnot_P «—~ —mnot_P cnot_neg_P «—~ —cnot_neg_P

We have a contradiction between the facts
The major distinction between both forms is that, in thealive(mrA) and alive(mrA). Obviously, one
face of contradiction betweeR and —P one also ob- should infer thatmrB was elected and thatrC
tainscnot_P andcnot_neg_P, i.e. a localized explosion is a teacher, as well as thatl_price_increases is
occurs. This property is used in Paraconsistent Wetkue. However, the conclusion thatrA is to be
founded Semantics with Explicit Negation to detedburied depends on contradictory information, and
dependencies on contradiction [1], [4], [10], [11]. its consequences should be taken with some care
We conclude from the above discussion that strorgince, in fact, he might be alive. If we adopt the
negation plus localized closures have the same expregplosion principle from classical logic, we will also
sive power as strong negation plus weak negation. Thétain that —teacher(mrC), —elected(mrB), and
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—oil_price_increases because of the contradiction,of contradictions or simply warn the user/agent that
which is clearly nonsensical. some conclusion depends on the use of contradictory
A partial logics based approach is able to providmformation, and even reason about it. There are already
a more general basis for the Semantic Web than tsemantics and programming techniques that empower
classical logic based approach of [19]. This is in linapplications with capabilities for performing safe rea-
with the intuitions and remarks appearing in the LBassoning with contradiction [1], [4], [12], [26], [31], [37].
Working Group note [18]:
In this document, we use a version of IV. EXTENDING RDFBY ADDING NEGATION AND
first order logic with equality as Lbase. PARTIAL PREDICATES
This imposes a fairly strict monotonic dis- In this section, we extend RDF(S) by adding strong
cipline on the language, so that it can- and weak negation. Additionally, we relax its semantics
not express local default preferences and by allowing for partial predicates. For simplicity, we
several other commonly-used non-monotonic  disregard literals, datatypes, RDF containers, collec-
constructs. We expect that as the Semantic tions, and reification, as these can be included by a
Web grows to encompass more and our un-  straightforward extension.
derstanding of the Semantic Web improves, A Web vocabularyV is defined to be a set of URI
we will need to replace this Lbase with more  references. We denote the set of all URI references by
expressive |Ogics_ However, we expect that URI. We consider a sét ar of variable symbols such
first order logic will be a proper subset of  thatVar NURI = (). We use the acronyrBRDF for

such systems and hence we will be able to Extended RDF

smoothly transition to more expressive Lbase Definition 1 (ERDF triple):Let V' be a vocabulary.
languages in the future. A positive ERDF tripleover V' (also called ERDF

By assuming that all predicates are total and cohereﬁf%mence atojnis an expression of fche forrp(53 o),
the classical logic semantics is obtained from partidiineres;o € V' U Var are called subjectand object
logic as a special case. Syntactically, we can expreSSPectively, ang € V' is called predicateor property

that a predicateP must be total and coherent by Negative ERDF tripleover V' is the strong negation

introducing the following two axioms in the theory: —p(s, 0) of a positive ERDF triplep(s, o) over V. An
ERDF tripleoverV (also calledERDF sentence literpl

PV =P totalness o then, is a positive or negative ERDF triple over O
~ PV~ =P non-contradiction (or coherence)  \ye can also use the RDF-triple-like notation

Or with the help of implication instead of disjunction: s —p o.

~ P> -P totalness o for writing a negative ERDF triple and, as an option,
-P D~ P non-contradiction (or coherence)  use thet sign as a predicate prefix for marking positive

Or by introducing the following i . . triples, like in the following example:
r by Introducing the following integrity constraints ex:Gerd—ex:likes ex:CabernetSauvignon .

—~ P,~ P totalness ex:Anastasiat-ex:likes ex:CabernetSauvignon .

. ex:Gerd+ex:likes ex:Riesling .
«— P -P non-contradiction (or coherence) ex-Carlos—exlikes ex:Riesling .

The advantage of using integrity constraints like the Definition 2 (ERDF formula).Let V' be a vocabu-
above is that the technique is not restricted solely to titery. We denote by.(V') the smallest set that contains
current approach, but also applies to the most importahe positive ERDF triples oveV, and is closed with
semantics for deductive databases and logic prograrespect to the following conditions: K, G € L(V) then
ming with two kinds of negations [1], [10], [11], [17], {~ F, —=F, F AG, F VvV G} C L(V). The connectives
[31]. In conclusion, the user/agent has a simple anel ~ are called strong negatiorand weak negation
modular mechanism for expressing that a predicatespectively. Additionally, we denote BYV|-, A, V)
must be total and coherent, and the syntactic machinghe smallest set that contains the atomic ERDF triples
for expressing this in the accepted major semanticsdser V, and is closed with respect to the following
immediate. By not including any of the above, the useronditions: if F,G € L(V|-,A,V) then {=F, F A
admits reasoning tolerant to contradiction. G, FVv G} C L(V|—, A, V). Then, anERDF formula
Surely, the problem of contradiction handling is conever V is an element of.(V'), and apersistent ERDF
troversial and potentially hazardous, however it shoufdrmula overV is an element of.(V |-, A, V). O
not be a taboo just because it does not fit into the ortho-Definition 3 (ERDF graph):An ERDF graphG is a
doxy of classical logic. Our logics and languages shoukkt of ERDF triples over some vocabuldry We denote
be equipped with mechanisms to block the propagatithe variables appearing iz by Var(G). O
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Let G = {t1,....tn} be anERDF graph, and let erdf:CoherentClass are classes that satisfy totalness
Var(G) = {x1,..zr}. Intuitively, G represents an and coherence, respectively. Similarly, instances of the
existentially quantified conjunction dERDF triples. classeserdf:Total Propery and
Specifically, G represents the formuldzy, ...z t1 A erdf:CoherentProperty are properties that satisfy to-
e N, talness and coherence, respectively.

Definition 6 (ERDF interpretation)An ERDF in-

terpretationof a vocabularyl” is a partial interpretation
A. ERDF Model Theory of VU Vrpr U Vrprs U Verpr €extended by the

Definition 4 (Partial interpretation): A partial inter- 9%“1’ Ogtog)lgiﬁaﬂ <t:a£[e|go|rie§’ls - g;s forCcI?Dsses,
i ; . s C Cls for total classes, and’Prop C Prop
pretation I of a vocabularyl” consists of. for total propertiesC'Cls C Cls for coherent classes,

« A set of thingsRes. andT Prop C Prop for coherent properties, as well as
« A vocabulary interpretation function the class-truth extension functiafiT; : Cls — Res,
Iy : V — Res. and the class-falsity extension functiehr; : Cls —
: P(Res), such that:
o A set of propertiesProp C Res. 1) z & Prop iff
. : T rop
« A property-truth extension function < 2, I(rdf: Property) >¢ PTy(I(rdf:type)).
PTy : Prop — P(Res x Res) _ 2) z € CTy(y) iff <=,y >€ PTi(I(rdf:type)), and
and a property-falsity extension function z € CFi(y) iff <z,y>€ PFi(I(rdf:type)).
PFy : Prop — P(Res x Res). 3; Cls = CTI((I((Tde3Cla55))- )
. . 4) Res = CTi(I(rdf s:Resource)).
We definel(z) = Iy (z), Yo e V. O 5) <z,y >€ PTi(I(rdfs:domain)) and
Definition 5: (Satisfaction of an ERDF formula w.r.t. < u,v >€ PTy(x) impliesu € CTy(y).
a partial interpretation and a valuation) 6) <,y >€ PTi(I(rdfsrange)) and
Let ¥ be an ERDF formula andVar(F) be the ., ;é‘é’g%};gy) implies v € CTi (y).
variables appea”_ng _”F' ) < z,I(rdfs:Resource) >€ PTy(I(rdfs:subclassOf)).
Let I be a partial interpretation of a vocabulary 8) < =y >€ PTi(I(rdfs:subClassOf)) implies
Let v be a mappingv : Var(F) — Res (called z,y € Cls andCTr(z) C CTr(y).
valuation). 9) PTi(I(rdfs:subClassOf)) is a reflexive and transi-

tive relation onC's.

If = € Var_(F), we define([l + vf(z) = v(z). If 10) < z,y >€ PTi(I(rdfs:subPropertyOf)) implies
z €V, we definell + v|(z) = I (). z,y € Prop and PT7(xz) C PTy(y).
o If F=p(s,0)thenl,v |= F iff 11) P_TI(I(rdf_s:subPropertyOf)) is a reflexive and tran-
< [T +0](s), [I +v](0) >€ PT;(I(p)). sitive relatlo_n onProp.
e If F = —p(s,0) then I,v = F iff 12) @ € T'Prop iff
PAS, ’ < z, I(erdf:Total Property) > € PTi(I(rdf:type)),
<[ +|(s), [I +v](0) >€ PF[(I(p)). and
o If F=~ G then I,v = F iff all URIs appearing x € TProp implies PT;(z) U PF;(xz) = Res X Res.
in G belong toV, and I, v j~ F. 13) z € TCls iff
« If F=F AF,then I,v = F iff I,v = F; and ;né‘,l(erdf:TotalC’lass) > € PTi(I(rdf:type)),
Lv = Fa. _ x € TCls implies CTy (z) U CFy (x) = Res.
e If F=F AFythen Lv Fiff I,viEFor  14) 2 € CProp iff
I,v ': F5. < z, I(erdf:CoherentProperty) >€ PT(I(rdf:type)),
o All other cases of ERDF formulas are treated and

x € CProp implies PT;(z) N PF;(x) = 0.
15) z € CCls iff
< z,I(erdf:CoherentClass) > PTr(I(rdf:type)),

by the following DeMorgan-style rewrite rules
expressing the falsification of compound ERDF

formulas: and
-(FAG)— ~FV -G, x € CCls implies CTr(x) N CFr(z) = 0.
~(FVG)— -FA-G 16) I satisfies theRDF and RDF'S axiomatic triples, as
’ well as the triples:
- —F ~~F—FO rdf s:subClassO f(erdf:TotalClass, rdf s:Class),
Let — : ‘P n rdf s:subClassO f(erdf:Total Property, rdf : Property),
€ Vi%DFd . {Tdf typeé lef TOp;TtEgd}, a.d rdf s:subClassO f(erdf:CoherentClass, rdf:Class),
Vrprs = {T fs.Resource, T fS'C ass, r fS omain, rdf s:subClassO f(erdf:Coherent Property,
rdf sirange, rdf s:subClassO f, rdf s:subPropertyO f}. rdf s:Property),
The vocabulary of ERDF, Vgrpr, is @ set of rdftype(X, erdf:Total Property),
URI references in therdf: namespace. Specifically, where X € {rdfs:domain, rdfs:range,
Verpr = {erdf:TotalClass, erdf Total Property, rdf s:subClassOf, rdf s:subPropertyOf},
erdf:CoherentClass, erdf:CoherentProperty}. In- rdfitype(X, erdf:TotalClass),

tuitively, instances of the classesdf:TotalClass and where
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X € {rdfs:Resource, rdf:Property, [14]
rdfs:Class} U VERDF,

rdf:type(X, erdf:Coherent Property), [15]
where X € {rdfs:domain, rdfs:range,
rdf s:subClassO f, rdf s:subPropertyO f},

rdf type(X, erdf:CoherentClass), [16]
where X € {rdfs:Resource, rdf:Property,
rdfs:Class} UVggrprp. O

(17]

V. CONCLUSION

The basic language of the Semantic Web needs [1@]
accommodate two kinds of negation for representing
and processing negative information involving truth-19
value gaps and truth-value clashes. For this reason Rblzl
has to be extended in the way we have shown in this
paper, and its classical logic semantics has to be refin@t}
into the partial logic semantics we have presented here.
Without this extension, RDF will be too limited to
capture the kind of information and knowledge item&1l
that occur in a globally distributed and decentralized

knowledge space such as the Web.
[22]
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