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Preface

These are the proceedings of the 8th International Conference on Logic Program-
ming and Nonmonotonic Reasoning (LPNMR 2005). Following the previous ones
held in Washington, DC, USA (1991), Lisbon, Portugal (1993), Lexington, KY,
USA (1995), Dagstuhl, Germany (1997), El Paso, TX, USA (1999), Vienna, Aus-
tria (2001) and Ft. Lauderdale, FL, USA (2004), the eighth conference was held
in Diamante, Italy, from 5th to 8th of September 2005.

The aim of the LPNMR conferences is to bring together and facilitate interac-
tions between active researchers interested in all aspects concerning declarative
logic programming, nonmonotonic reasoning, knowledge representation, and the
design of logic-based systems and database systems. LPNMR strives to encom-
pass theoretical and experimental studies that lead. to the implementation of
practical systems for declarative programming and knowledge representation.

The technical program of LPNMR 2005 comprised three invited talks that
were given by Jiirgen Angele, Thomas Eiter and Michael Kifer. All papers pre-
sented at the conference and published in these proceedings went through a
rigorous review process which selected 25 research papers and 16 papers for the
system and application tracks.

Many individuals worked for the success of the conference. Special thanks
are due to all members of the Program Committee and to additional reviewers
for their efforts to produce fair and thorough evaluations of submitted papers.
A special thanks is due to the University of Calabria Organizing Committee
which made this event possible. Last, but not least, we thank the sponsoring
institutions for their generosity.

June 2005 Chitta Baral and Nicola Leone
Program Co-chairs
LPNMR’05
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Nonmonotonic Reasoning in FLORA-2*

Michael Kifer

Department of Computer Science,
State University of New Your at Stony Brook,
Stong Brook, NY 11794, USA
kifer@cs.stonybrook.edu

Abstract. FLORA-2 is an advanced knowledge representation system
that integrates F-logic, HiLog, and Transaction Logic. In this paper we
give an overview of the theoretical foundations of the system and of some
of the aspects of nonmonotonic reasoning in FLORA-2. These include
scoped default negation, behavioral inheritance, and nonmonotonicity
that stems from database dynamics.

1 Introduction

FLORA-2 is a knowledge base engine and a complete environment for devel-
oping knowledge-intensive applications. It integrates F-logic with other novel
formalisms such as HiLog and Transaction Logic. FLORA-2 is freely available
on the Internet! and is in use by a growing research community. Many of the
features of FLORA-2 have been adopted by the recently proposed languages in
the Semantic Web Services domain: WSML-Rule? and SWSL-Rules.3

One of the main foundational ingredients of FLORA-2, F-logic [20], extends
classical predicate calculus with the concepts of objects, classes, and types, which
are adapted from object-oriented programming. In this way, F-logic integrates
the paradigms of logic programming and deductive databases with the object-
oriented programming paradigm. Most of the applications of F-logic have been in
intelligent information systems, but more recently it has been used to represent
ontologies and other forms of Semantic Web reasoning (14,12,27,1,11,2,19].

HiLog [8] is an extension of the standard predicate calculus with higher-
order syntax. Yet the semantics of HiLog remains first-order and tractable. In
FLORA-2, HiLog is the basis for simple and natural querying of term structures
and for reification (or objectification) of logical statements, which is an impor-
tant requirement for a Semantic Web language. Transaction Logic [6] provides
the basis for declarative programming of “procedural knowledge” that is often
embedded in intelligent agents or Semantic Web services.

In this paper we first survey the main features of FLORA-2 and then discuss
three forms of nonmonotonic reasoning provided by the system.

" This work was supported in part by NSF grant CCR-0311512 and by U.S. Army
Medical Research Institute under a subcontract through Brookhaven National Lab.

’ http://flora.sourceforge.net/

2 http://www.w3.org/Submission/ WSML/

3 http://www.daml.org/services/swsl-rules/1.0/

C. Baral et al. (Eds.): LPNMR 2005, LNAI 3662, pp. 1-12, 2005.
© Springer-Verlag Berlin Heidelberg 2005



2 M. Kifer

2 Overview of F-Logic

F-logic extends predicate calculus both syntactically and semantically. It has
a monotonic logical entailment relationship, and its proof theory is sound and
complete with respect to the semantics. F-logic comes in two flavors: the first-
order flavor and the logic programming flavor. The first-order flavor of F-logic
can be viewed as a syntactic variant of classical logic [20]. The logic programming
flavor uses a subset of the syntax of F-logic, but gives it a different, non-first-
order semantics by interpreting the negation operator as negation-as-failure.

The relationship between the first-order variant of F -logic and its logic pro-
gramming variant is similar to the relationship between predicate calculus and
standard logic programming [23]: object-oriented logic programming is built on
the rule-based subset of F-logic by adding the appropriate non-monotonic ex-
tensions [32,33,24]. These extensions are intended to capture the semantics of
negation-as-failure (like in standard logic programming [28]) and the semantics
of multiple inheritance with overriding (which is not found in standard logic
programming).

F-logic uses first-order variable-free terms to represent object identity (abbr.,
OID); for instance, John and father (Mary) are possible Ids of objects. Objects
can have attributes. For instance,

Mary[spouse->John, children-> {Alice,Nancy}].
Mary[children-> Jack].

Such formulas are called F-logic molecules. The first formula says that object
Mary has an attribute spouse whose value is the OID John. It also says that
the attribute children is set-valued and its value is a set that contains two
OIDs: Alice and Nancy. We emphasize “contains” because sets do not need to
be specified all at once. For instance, the second formula above says that Mary
has an additional child, Jack.

In earlier versions of F-logic, set-valued attributes were denoted with ->>
instead of ->. However, subsequently the syntax was modernized and simplified.
Instead of using different arrows, cardinality constraints (to be explained shortly)
were introduced to indicate that an attribute is single-valued.

While some attributes of an object are specified explicitly, as facts, other
attributes can be defined using deductive rules. For instance, we can derive
John[children-> {Alice,Nancy, Jack}] using the following deductive rule:

?X[children->{?C}] :- ?Y[spouse->?X, children-> {?C}1.

In the new and simplified syntax, alphanumeric symbols prefixed with the ?-
sign denote variables and unprefixed alphanumeric symbols denote constants
(i.e., OIDs). The earlier versions of FLORA-2 used Prolog conventions where
variables were capitalized alphanumeric symbols.

F-logic objects can also have methods, which are functions that take argu-
ments. For instance,

John [grade (cs305,fal12004) -> 100, courses(£fall2004) -> {cs305,cs306}] .
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says that John has a method, grade, whose value on the arguments cs305 (a
course identifier) and £a112004 (a semester designation) is 100; it also has a
set-valued method courses, whose value on the argument £a112004 is a set of
OIDs that contains course identifiers cs305 and cs306. Like attributes, methods
can be defined using deductive rules.

The F-logic syntax for class membership is John:student and for subclass
relationship it is student : : person. Classes are treated as objects and it is possi-
ble for the same object to play the role of a class in one formula and of an object
in another. For instance, in the formula student:class, the symbol student
plays the role of an object, while in student: :person it appears in the role of
a class.

F-logic also provides means for specifying schema information through signa-
ture formulas. For instance, person[spouse {0:1}=>person, name {0:1}=>
string, child=> person] is a signature formula that says that class person
has three attributes: single-valued attributes spouse and name (single-valuedness
is indicated by the cardinality constraint 0:1) and a set-valued attribute child.
It further says that the first attribute returns objects of type person, the second
of type string, and the last returns sets of objects such that each object in the
set is of type person.

3 HiLog and Meta-information

F-logic provides simple and natural means for exploring the structure of object
data. Both the schema information associated with classes and the structure of
individual objects can be queried by simply putting variables in the appropriate
syntactic positions. For instance, to find the set-valued methods that are defined
in the schema of class student and return objects of type person, one can ask
the following query:

?7- student [?M=>person] .

The next query is about the type of the results of the attribute name in class
student. This query also returns all the superclasses of class student.

?- student: :?C and student [name=>7T].

The above are schema-level meta-queries: they involve the subclass relationship
and the type information. One can also pose meta-queries that involve object
data (rather than schema). The following queries return the methods that have
a known value for the object John:

?- John[?Meth-> 7?SomeValue] .

However, the meta-query facilities of F-logic are not complete. For instance,
there is no way in such queries to separate method names from their arguments.
Thus, if we had a fact of the form

John [age (2005) -> 20].



