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Abstract. Normal Form Nested (NFN) programs have recently been introduced
in order to allow for enriching the syntax of disjunctive logic programseauride
answer sets semantics. In particular, heads of rules can be disjunctions-
junctions, while bodies can be conjunctions of disjunctions. Different tayma
other proposals of this kind, NFN programs may contain variables, autie@n

of safety has been defined for guaranteeing domain independeaceoWér, pre-
vious results show that there is a polynomial translation from NFN progjtam
standard disjunctive logic programs (DLP).

In this paper we present the tad n2dl p, a compiler for NFN programs, which
implements an efficient translation from safe NFN programs to safe DbP p
grams. The answer sets of the original NFN program can be obtaiosdtfre
answer sets of the transformed program (which in turn can be obtajnesirg

a DLP system) by a simple transformation. The system has been implemente
using the object-oriented programming language Ruby and Treetopgaage

for Parsing Expression Grammars (PEGS). It currently produdds fpograms

in the format of DLV and can use DLV as a back-end.

1 Introduction

Disjunctive logic programming under the answer set seroafDLP, ASP) has been
acknowledged as a versatile formalism for knowledge repragion and reasoning dur-
ing the last decade. The heads (resp. the bodies) of DLP auéedisjunctions (resp.
conjunctions) of simple constructs, viz. atoms and literhd [1], we proposed Normal
Form Nested programs that are an extension of DisjunctiggdBrograms with vari-
ables. In particular the head of an NFN rule is a formula irfjudistive normal form
while the body is a formula in conjunctive normal form. Weided also a polynomial
translation from NFN programs to DLP programs. The main wfghe algorithm is to
introduce new atoms, which represent conjunctions appganithe head of the rules
and disjunctions appearing in the bodies. This transladltows for evaluating NFN
programs using DLP systems, such as DLV [2], GnT [3], or CnisRIE!].

In this paper we describe a tool implementing the efficieandfation from safe
NFN programs to safe DLP programs presented in [1], caied2dl p. The system
provides an NFN parser and safety checker, and an efficamlation to an equivalent
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DLP program. The output program is in the format of DLV, statg¢he-art implemen-
tation for disjunctive logic programs under the answer satantics, and thus allows
for effective answer set computation of NFN programs.

2 Normal Form Nested Programs

In this section, we briefly introduce syntax, semantics afeltg of NFN programs. For
a more detailed discussion, we refer to [1].

Syntax We consider a first-order language without function symbdEN programs
are finite sets of rules of the form

Cl\/...\/CnZ-Dl,...7Dm. n,m >0

where each of”y, ..., C, is a positive basic conjunctiofu,, ..., a;) of atoms and
each ofD,, ..., D,, is a basic disjunctiortl; Vv ...V [;) of literals. The parentheses
around basic conjunctions and disjunctions may be omiéted: . .. v C,, is thehead,
andD;,..., D, is thebody of a rule. An NFN program is callestandard if all basic
conjunctions and disjunctions are singleton literals.

Safety Let r be an NFN rule. A variabléX in r is restricted if there exists a positive
basic disjunctiorD in the body ofr, such that, for each € D, X occurs ina; we also
say thatD savesX and X is made safe by. A rule is safe if each variable appearing
in the head and each variable that appears in a negative el bre restricted. An
NFN program is safe if each of its rules is safe.

As shown in [1], safe programs have the important propertgarhain indepen-
dence, that is, their semantics is invariant with respetiiéaconsidered universe.

Semantics We consider ground instantiations of NFN programs with eespo a given
universe. When considering safe NFN programs, the Herbranense is sufficient.
An interpretation for a safe NFN progran® can therefore be denoted as a subset of the
Herbrand base. The satisfaction of ground rules by inteapoms is defined in the clas-
sical way, interpreting rules as implications. An intetpti®n that satisfies a program
is called amodel.

Thereduct of a ground progran® with respect to an interpretatiah denoted by
P, is obtained by(1) deleting all false literals w.r.f. from rule bodies, and (2) deleting
all rules s.t. any basic disjunction becomes empty dfter An interpretation/ is an
answer set for P iff I is a subset-minimal model faP?. We denote the set of answer
sets forP by AS(P).

3 An Efficient Translation from NFN to DLP

In this section we will review the rewriting algorithnewriteNFN from [1]. The basic
structure ofrewriteNFN is shown in Fig. 1. The input forewriteNFN is a safe NFN



programP and it builds and eventually returns a safe standafd® program,Ppr.p.
The algorithm transforms one rule at a time. For each NFN iutenstructs onenajor
rule, which maintains the structure of the NFN rule, replacingmptex head and body
structures by appropriate labels. Head and body of the mapare built independently
by means of functionbuildHead andbuildBody, respectively, which will be described
in the sequel of this section. These functions may alsoe@atimber of auxiliary rules,
for defining labels and auxiliary predicates which are ndedestly for guaranteeing
safety of the transformed program.

begin rewriteNFN
Input: N FN programP
Output: DLP programPprp.
var B: conjunction of literals;H: disjunction of atoms;
Pprp :=0;
for eachruler € P do
H := buildHead(H (1), Pprp); B := buildBody(B(r), Pprp);
Pprp := Pprp U {H - B.};
return Pprp;
Fig. 1. Algorithm rewriteNFN

3.1 Head Transformation

FunctionbuildHead takes as input an NFN rule head and builds a corresponding sta
dard rule head (disjunction of atoms). For each non-simduéaic conjunctiorC’ =
ai,...,a, (i.e.n > 1), the function builds an auxiliary atom representifig The
predicate name of the new atomadexh; and its arguments are all variables occur-
ring in C. In order to act as a substitute f6t, the function also creates auxiliary rules
auxhe(...) ;- a1,...,a,. anda; :-auxhi(...)., i = 1,...,n. It is easy to see that
these auxiliary rules are safe.

3.2 Body Transformation

More care has to be taken in functiboildBody. Since not all variables in a safe NFN
rule body have to be restricted, just replacing body digjons by labels as for NFN
heads may result in unsafe auxiliary rules because of uintest variables. If the vari-
able in question occurs only in its body disjunction, it candafely dropped from the
label atom, but if this variable occurs also elsewhere inrthe, the values it repre-
sents must match in each of its occurrences. ThereborBody focuses orshared
variables, where a variableX is shared in a ruler, if it appears in two different body
disjunctions ofr, or if X appears in both head and body of the rule. As a further com-
plication, in some literals a shared variable may not be Hdarany value.

For creating the body of the major rulayildBody replaces each body disjunction

D of aruler containing more than one literal by a label atamx}, (V4, ..., V,,), where
aux’, is a fresh symbol andty, ..., V,, are the shared variables ofoccurring inD.
An auxiliary rule for definingauxy, (V1,...,V,) is added for each literal iy, where

variables not occurring in the respective literal are reptbby the special constafit,



representing that the respective variable is unbound. Mereif the literal is negative,
some newniverseatoms are added to the body which in turn are defined by apptepr
auxiliary rules. Sincétu has to match with any other constant, matching has to be made
explicit in the body of the major rule by adding dedicateatching atoms, also defined

by auxiliary rules.

3.3 Properties of the Algorithm

Let P a safe NFN programPpr = rewriteNFN(P), and Ay and Ap be the sets
of predicate symbols that appearfhand in Py, p, respectively Ay C Ap). Then,
I € AS(P) ifand only if there exists a uniqué € AS(Pprp) such thal = J N Ay.
As mentioned previously, all rules generatedriyriteNFN are safe. Moreover, the
complexity of the algorithm is a small polynomial.

4 Thenf n2dl p System

Algorithm rewriteNFN, along with an NFN parser and safety checker has been im-
plemented as a front-end to DLP systems. Currently, theagywit the system DLV is
supported, but the implementation is decoupled from DLV eaud easily be modified
for supporting other DLP systems such as GnT or Cmodels3rdaéting tool, called

nf n2dl p, is publicly available at

http://ww. mat. uni cal .it/software/nfn2dl p/ .

In the following we provide some information about issueshia implementation of
nf n2dl p. Moreover, we give a description of the usagendh2dl p.

4.1 Implementation ofnf n2dl p

The toolnf n2dl p has been implemented using the language Ruby [5], an objecte
oriented language rooted also in functional and scripmgliages.

The tool comprises an NFN parser, implemented using thettoelet op [6],
which provides a parser generator for Parsing Expressiam@ars (PEGs) [7] for
Ruby. PEGs are a novel concept for parser specification,halbick similar to BNF
grammars but differ in semantics; most importantly thesargnars avoid ambiguity
and allow for modular language specification. These pragsegimplify the develop-
ment and allow for reuse of the parser.

The toolnf n2dl p has been constructed using an object-oriented design:lIFor a
language constructs, such as atoms, literals, basic digjms, basic conjunctions and
rules, appropriate Ruby classes have been designed. Tecti®e objects are created
during parsing. The safety check has been implemented athedhef the rule class.

Moreover, two classes for handling rewriting have been defiiRewriteHead and
RewriteBody, respectively. These classes contain abuaiids the respective NFN struc-
ture (head and body, respectively), a corresponding DL tre for constructing the
major rule, and a set of auxiliary DLP rules. The methods ekéhclasses effectively
implementbuildHeadand buildBody. Finally, a basic command-line interface is pro-
vided, which we overview in Section 4.2.



4.2 Usingnf n2dl p

The interface ohf n2dl p is via the command-line. By defauhf n2dl p reads the
files provided as arguments, treats their contents as onegibtdam, analyzes its well-
formedness and safety, and eventually translates it intbR fogram, which will be
provided on standard output.

Example 1. Consider the progran? represented in the text fiexanpl e. t xt as
a,b(X)-e(X)Vd(X,Y). ¢(1). d(2,3).
In order to test for safety and to transfoifinto a DLP program, we issue
$nfn2dl p.rb exanpl e. t xt

on the command line. Since the program is safe, the rewnittegram is printed on
standard output:
a:-auzhl 0(X). b(X):-auzhl 0(X). auzhl0(X):-a,b(X). c(1).
auzl0(X) - ¢(X). auzrl0(X):-d(X,Y). aurhl0(X) :- auxl0(X). d(2,3).
The answer sets of the NFN program can be computed by pipglithie output into
DLV using the command

$nfn2dl p.rb exanple.txt |DLV-- -filter=a,b,c,d

yielding the answer set{c(1),d(2,3),a,b(1),b(2)}. The distribution also provides a
scriptnf nsol ve which automates the call to DLV with the appropriate filter.

5 Future Work

We plan to modifynf n2dl p in order to output the resulting DLP program in formats
acceptable to other systemigp@r se andgr i ngo acting as grounders for Cmodels3,
GnT, and ClaspD). Furthermore, we are working on extensidrise NFN language
in order to allow for a richer (not necessarily normal-forsghtax in heads and bodies.
This will require an adaptation of the safety definition aneatension of the translation
algorithm.
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