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Abstract. A Gaifman-Shapiro-style architecture of program mod- cases where one can utilize the fact that strong equivalence implies
ules is introduced in the case of normal logic programs under staweak equivalence. For instanceHfand@ are composed of strongly
ble model semantics. The composition of program modules is suitequivalent pairs of moduleB; and Q; for all i, then P and@ can

ably limited by module conditions which ensure the compatibility of be directly inferred to be strongly/weakly equivalent. These observa-
the module system with stable models. The resulting module thedtions about strong equivalence motivate the strive for a weaker con-
rem properly strengthens Lifschitz and Turner’s splitting set theorengruence relation compatible with weak equivalence at program-level.
[17] for normal logic programs. Consequently, the respective notion To address the lack of a suitable congruence relation in the context
of equivalence between modules, i.e. modular equivalence, proves tf ASP, we propose a new design in this article. The design superfi-
be a congruence relation. Moreover, it is shown how our translationeially resembles that of Gaifman and Shapiro [10] but stable model
based verification method [15] is accommodated to the case of modwsemantics [12] and special module conditions are incorporated. The
lar equivalence; and how the verification of weak/visible equivalencdeasibility of the design is crystallized inmodule theoremvhich

can be optimized as a sequence of module-level tests. shows the module system fully compatible with stable models. In
fact, the module theorem established here is a proper strengthening
1 INTRODUCTION of the splitting set theorem established by Lifschitz and Turner [17]

in the case of normal logic programs. The main difference is that our

Answer set programminfASP) is a promising constraint program- result allows negative recursion between modules. Moreover, it en-
ming paradigm [20, 19, 11] in which problems are solved by captur-ables the introduction of a notion of equivalence,medular equiva-
ing their solutions aanswer setsr stable modelsf logic programs.  lence which turns out to be a proper congruence relation and reduces
The development and optimization of logic programs in ASP givesto weak equivalence for program modules which have a completely
rise to a meta-level problem of verifying whether subsequent prospecified input and no hidden (auxiliary) atoms. Such modules cor-
grams are equivalent. To solve this problem, a translation-based apespond to normal logic programs without auxiliary atoms. If normal
proach has been proposed and extended further [14, 23, 21, 25]. ThsogramsP and@ are composed of modularly equivalent modules
underlying idea is to combine two logic prografisand Q under  P; andQ; for all 4, thenP and@ are modularly equivalent, or equiv-
consideration into two logic prograni#QT (P, Q) andEQT(Q, P) alently stated, weakly equivalent. The notion of modular equivalence
which have no stable models iff andQ areweakly equivaleni.e. opens immediately new prospects as regards the translation-based
have the same stable models. This enables the use of the same AB®ification method [14, 21]. First, the method can be tuned for the
solver, such asMODELS or bLV, for the equivalence verification task of verifying modular equivalence by attachingoatext genera-
problem as for the search of stable models in general. First experfor to program modules in analogy to [25]. Second, we demonstrate
mental results [14, 21] suggest that the translation-based method c&ew the verification of weak equivalence can be reorganized as a se-
be effective and sometimes much faster than a simple cross-check.quence of tests, each of which concentrates on a pair of respective

As a potential limitation, the translation-based method as demodules in the programs subject to the verification task.
scribed above treats programs as integral entities and therefore The rest of this article is structured as follows. As a preparatory
no computational advantage is sought by breaking programs intstep, the syntax and semantics of normal logic programs is recalled
smaller parts, sagnodulesof some kind. Such an optimization strat- in Section 2. A summary of equivalence relations follows in Sec-
egy is largely preempted by the fact that weak equivalence, denotelipn 3. Section 4 concentrates on specifying program modules as
by =, fails to be acongruence relatioffor U, i.e. weak equivalence Wwell as establishing the module theorem discussed above. The no-
is not preserved under substitutions in unions of programs. More fortion of modular equivalence is then presented in Section 5 which
mally put, P = Q does not implyP U R = Q U R in general.  also includes a proof of the congruence property and a brief account
The same can be stated abanotform equivalenc?2] but not about  of computational complexity. Moreover, connections between modu-
strong equivalencfl6] which admits substitutions by definition. lar equivalence and the translation-based method for verifying weak

From our point of view, strong equivalence seems inappropriatequivalence [14] are worked out. Section 6 briefly contrasts our work
for fully modularizingthe verification task of weak equivalence be- with earlier approaches. Finally, a conclusion is given in Section 7.
cause programB and@ may be weakly equivalent even if they build
on respective moduleB; C P and@; C Q that are not strongly 2 NORMAL LOGIC PROGRAMS
equivalent. For the same reason, program transformations that are
known to preserve strong equivalence [4] do not provide an inclusivé/Ve presenhormal logic programsn the propositionalcase.

basis for reasoning about weak equivalence. Nevertheless, there FRfinition 1 A normal logic program (NLP) i a finite set of rules of
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The symbol ~” denotesdefault negatiorand we defineefault  denotedP = Q, iff PU R = @ U R for any NLP R acting as a
literals as atoms: or their default negations.a. A rule consists of  context. Yet another relation originates from the database community
aheadh and abody B U ~B~. Arule is afactwhenever its body  [22]: P and@ areuniformly equivalentdenotedP =, Q, iff P U
is empty, and £-" is omitted. A rule ispositive if B~ = (. ANLP F = QU F for any set of factd. It is clear thatP =5 Q implies
consisting of positive rules only isgositive logic program P =, @ which impliesP = @, but not vice versa (in both cases).

TheHerbrand basélb(P) of a NLP P is any fixed set of atoms Strongly equivalent logic programs are semantics preserving sub-
containing all atoms appearing in the rulesiafMoreover, the base  stitutes of each other and this can be understood asangruence
Hb(P) is supposed to be finite whenewRiis. Under this definition,  relationamong NLPs, i.e. i’ =5 Q, thenP U R =s Q U R for all
the Herbrand base dP may contain atoms which have no occur- NLPs R. On the other handz, is not a congruence fap, as shown
rences inP. This aspect is useful e.g. when programs are optimizedn Example 1 below and the same appliesstoThus= and=,, are
and there is a need to keep track of removed atoms. Given a NLBest suited for program-level rather than module-level comparisons.
P, aninterpretation M of P is a subset olb(P) defining which .
atomsa € Hb(P) are true ¢ € M) and which are falsea(¢ M). Example 1 [4, Example 1] Consider NLP$* = {a.} andQ =

An interpretationM/ C Hb(P) is a(classical) modebf P, denoted 1@ < ~b- a < b.}.ItholdsP =, @, butP U R # QU R for
by M = Piff BY C MandB~ N M = 0 imply h € M for R = {b < a.}. ThusP #s Q and=, is not a congruence fav.

each ruleh — BT, ~B~ € P. For a positive progran®, an inter- For P = Q to hold, the stable models 8M(P) andSM(Q) have
pretationV/ C Hb(P) is the (unique)east modebf P, denoted by o pe identical subsets &fh(P) andHb(Q), respectively, and the
LM(P), iff there is noM" |= P such thatd/’ C M. Stable models  game can be stated abast and=,. This makes these notions of
as proposed by Gelfond and Lifschitz [12] generalize least modelgquivalence less useful Hb(P) andHb(Q) differ by some atoms
for normal logic programs. which formalize some auxiliary concepts and are not trivially false.
Following the ideas from [13] we partitioib(P) into itsvisibleand
Definition 2 An interpretatji;)nM C Hb(P) is a stable model of  hidden parts Hb, (P) and Hby,(P), respectively. The idea behind
aNLP P iff M = LM(P™) where the Gelfond-Lifschitz reduct \jsiple equivalencés that atoms irfIby, (P) andHby (Q) are local
PY ={h—B* |h— B",~B~ € Pand M N B~ = 0}. to P andQ and negligible as regards the equivalenc®afndQ.

Stable models are not necessarily unique in general: a NLP may haefinition 3 [13] Normal logic programs P and @ are visibly
several stable models or no stable models at all. The set of stabRguivalent, denoted by =, Q, iff Hb,(P) = Hb,(Q) and there
models of a NLPP is denoted bySM(P). is a bijectionf : SM(P) — SM(Q) such that for all interpretations

Thepositive dependency relationC Hb(P)xHb(P) of Pisthe ~ M € SM(P), M N Hb,(P) = f(M) N Hb(Q).
reflexive and transitive closure of a relatieh defined as follows.
Givena,b € Hb(P), we say thab depends directlyn a, denoted
a <1 b, iff there is a ruleb «— BT,~B~ € P such thata €
B*. Thepositive dependency gragi P, denoted byDept(P), is
a graph withHb(P) and{(b, a) | a <1 b} as the sets of vertices and
edges, respectively. Atrongly connected componeot Dep™(P)
is a maximal subse€® C Hb(P) such thata < b holds for all
a,b € C. The strongly connected componentafp*( P) partition
Hb(P) into equivalence classes. The dependency relatioan then
be generalized for strongly connected componeftits< C, i.e.C;
depends o}, iff ¢; < ¢; for anyc; € C; and anyc; € Cj.

A splitting setfor a NLP P [17] is any set/ C Hb(P) such that
for everyh «— BY,~B~ € P,if h € U thenBT UB~ C U.
Thebottomof P relative toU is by (P) = {h «+— BY,~B~ € P | Definition 4 Two NLPsP and(@ are strongly equivalent relative to
{h} U B* U B~ C U}, and thetop of P relative toU isty(P) = A, denoted byP? =2 Q, iff PU R = Q U R for all NLPs R over
P\ by(P). The top can be partially evaluated with respect to anthe set of atoms!; uniformly equivalent relative tod, denoted by
interpretationX C U. The result is a prograra(ty (P), X) that P =24 Q,iff PUF = QU F for all sets of facts” C A.

i + ~(B~ + B-
Eg?gn:ui;uzsagig QUQ)’ X(fnd\(UB)jor:?)Crr?)((_f @i Gf/enea iet_triﬂgA = 0 in the above reduces bof =4 QandP =2 Qto

. ) . : =. Thus neither of them is a congruence far
splitting setU for a NLP P, a solutionto P with respect taU is a Eiter et al. [7] useequivalence frameto capture various kinds
pair (X, Y) such thatX € U, ¥’ € Hb(P)\ U, X € SM(bu (P)), f i Iené:e relations such as those defined above. The relation
andY € SM(e(tv(P), X)). Thesplitting set theorenby Lifschitz ‘1 equival LT . . .

. . . =, makes an exception in this respect as it does not fit into equiv-
and Turner [17] relates solutions with stable models. Given a RLLP alence frames based qmojected answer seté projective variant
a splitting setU for P, andM C Hb(P), it holds thath/ € SM(P) of Definition 3 would require{M N Hby (P) | M € SM(P)} —

iff (M NU,M \ U) is a solution toP with respect tdJ. (NN Hb.(Q) | N € SM(Q)}. As a consequence, the number of
answer sets might not be preserved which we find to contrast the

3 NOTIONS OF EQUIVALENCE general nature of ASP as discussed after Definition 3.

Note that the number of stable models is preserved uadeiSuch

a strict correspondence of models is much dictated by the ASP

methodology: the stable models of a program usually correspond to

the solutions of the problem being solved and thus the exact preser-

vation of models is highly significant. In the fully visible case, i.e.

Hb,(P) = Hbn(Q) = 0, the relation=, becomes very close to

=. The only difference is the requireméiib(P) = Hb(Q) insisted

by =,. This is of little importance as Herbrand bases can always be

extended to mediib(P) = Hb(Q). Since weak equivalence is not

a congruence, visible equivalence cannot be a congruence either.
Therelativized variantof =, and=,, introduced by Woltran [25]

allow the context to be constrained using a set of atdms

Next we briefly review a number of equivalence relations for NLPs.
As stated in Section 1, two NLPB and@ are (weakly) equivalent, 4 MODULAR LOGIC PROGRAMS

denoted byP = Q, iff SM(P) = SM(Q). Lifschitz et al. [16]  We definelogic program modulesimilarly to [10] but consider the
introduce a much stronger notiof: andQ arestrongly equivalent  case of NLPs instead of positive (disjunctive) logic programs.



Definition 5 AtripleP = (P, I, O) is a logic program module, if Definition 9 An interpretationM C Hb(P) is a stable model of

— H _ M
1. Pis afinite set of rules of the forin — B*,~B~; P=(P.1,0), denotedV € SM(P), iff M = LM(P™ U Faor).

2. I'andO are sets of propositional atoms such tﬁf‘ O =0;and A concept ofcompatibilityis used to describe whel; € SM(P;)
3. Head(P)N1I = @ whereHead(P) = {h [h «— B",~B~ €P}.  can be combined witd/, € SM(P,): stable models\/; and Ma
arecompatible iff A1 N Hby (P2) = M, N Hby(Py). Theorem 1

The Herbrand base of modufeHb(IP), is the set of atoms appearin ST o
Uk Hb(P) PP g relates program-level stability with module-level stability.

in P combined with! U O. Intuitively the set/ defines thénputof a
module and the sé? is theoutput The atoms iTUQO are visible, i.e.
the visible Herbrand base of moddteis Hb, (P) = I U O. Notice
that I U O can also contain atoms not appearingArsimilarly to
the possibility of having additional atoms in the Herbrand bases o
NLPs. All other atoms are hidden, iHby, (P) = Hb(P) \ Hb. (P). Proof sketch. SupposeP = P; LIP, = (P, 1,0) is defined for
For the composition of modules we take the union of the disjointyoqylesp, = (Py,I1,01) andPy = (Py, I, 02). “=" Let M €
sets of rules involved in them in analogy to [10]. The conditions givengny(p). ThenM; = M N Hb(P;) and Ma = M N Hb(P,) are
in [10] are not yet sufficient for our purposes, and we impose a furthegjearly compatible and it is straightforward to show that conditions

Theorem 1 (Module theorem). IP; LI P is defined for moduleB,
andPQ, thenM e SM(]P)l UP2) iff M, = MﬂHb(]Pl) € SM(Pl),
]MQ = M N Hb(P2) € SM(P2), andM; and M, are compatible.

restriction denying positive recursion between modules. 1 and 2 in Definition 7 implyM; € SM(P;) and M, € SM(P,).
Definition 6 ConsiderP; = (Pi,1;,0;) andPy = (P, [, 0,) ‘<" Let My € SM(Py), andM> € SM(P2) be compatible and
and let C1,...,C, be the strongly connected components ofdefineM = M U M. There is a strict total ordering: for the
Dep™(P1 U P,). There is a positive recursion betweBn andP,, ~ Strongly connected componer of Dep(P) such that ifC; <
if C; N0y # 0 andC; N Oy # 0 for some componei;. Cj, thenC; < Cj andC; £ Ci;or €y £ Cj andCj £ Ci. Let

) . ) ) . Cy < --- < C, be such an ordering. Show that exactly one of the
The idea is that all inter-module dependencies go through the Nfollowing holds for eachCs: (i) C; C I, (i) C; € Oy U Hby (Py)

put/output interface of th_e modules, and hidden atoms ar_e Ioca(l)r (iily C; C O2 U Hby (P-). Finally, show by induction thad/ N

to each module. If th_er_e is a strongly connected compofgrin (Uﬁ‘lei) = LM(PM U Fanr) N (Uleci) for0 < k < n by
Dep™(P1 U P») containing atoms from botty; and O, we know applying the splitting set theorem [17] " U Fasn ;. O
that, some output atomof P, depends on some output atnf I, Example 3 shows that condition 3 in Definition 7 is necessary to
which again depends an This yields a positive recursion. guarantee that local stability implies global stability.

Definition 7 The join of module®®y = (Pi,11,01) and P, =

: ! . Example 3 ConsiderP; = ({a < b.}, {b}, {a}) andPy = ({b —
P I denoted by, U P defined if
(P2, Iz, Oz), denoted byPs U Pz, is defined i a.}, {a}, {b}) with SM(P,) = SM(P») = {0, {a,b}}. The join of
1. O1 N0y = 0; P, andP; is not defined because of positive recursion (conditions 1
2. Hby(P1) N Hb(P2) = Hby (P2) N Hb(P1) = 0; and and 2 in Definition 7 are satisfied, however). For a NEP= {a «
3. there is no positive recursion betweBnandPs. b. b «— a.}, we getSM(P) = {(}. Thus, the positive dependency
ThenP; LiPs = (PL U Py, (11 \ O2) U (I2\ O1), 01 U Oy). betweeru andb excludes|a, b} from SM(P).

Note that the first condition is implied by the third, and the sec-Theorem 1 is strictly stronger than the splitting set theorem [17] for
ond can be circumvented in practice by renaming the hidden atomNLPs. If U is a splitting set for a NLPP, thenP? = BU T =
uniguely for each module. The join operatiorc@mmutativandas- (bu(P),0,U) U (tu(P),U,Hb(P) \ U), and furthermorell; €
sociativewhenever the respective joins are defined. The followingSM(B) and Mz € SM(T) iff (M1, M2 \ U) is a solution forP with

hold for P, LI Py: PL N P> = 0, Hby,(Py) N Hb,(P2) = 0, and  respect tdJ. On the other hand the splitting set theorem cannot be
Hby (P1) N Hby (P2) = (11 N 12) U (I1 N O2) U (I N O1). Also, applied to e.gP L Q from Example 2, since neithda} nor {b}
Hb(P; U Ps) = Hb(Py) U Hb(P2), and similarly for the hidden is a splitting set. Our theorem also strengthens a module theorem
and visible part oHb(P, LI P»), respectively. The conditions above given in [13, Theorem 6.22] to cover NLPs involving positive body
impose no restrictions on positive dependendiside modules or  literals. Theorem 1 can easily be generalized for modules consisting
on negativedependencies in general. The inputfaf U P, can be  of several submodules. Although Theorem 1 enables the computation
smaller than the union of inputs of individual modules becdbige Of stable models on a module-by-module basis, it leaves us the task
may provide input foiP,, and conversely, as demonstrated below. 0f excluding mutually incompatible combinations of stable models.

Example 2 The join of? = ({a+~b.}, {b},{a}) andQ = ({b —
~al, {a}, (b)) isPUQ = ({a «— ~b. b — ~a.},0, {a,b}). 5 MODULAR EQUIVALENCE

The stable semantics of a module is defined with respect to a giveh'® notion ofmodular equivalenc&ombines features from rela-

input, i.e. a subset of the input atoms of the module. Input is seen d&ized uniform equivalence and visible equivalence.

a set of facts (or a database) to be added to the module. Definition 10 Logic program module® — (P, I, Op) andQ —

Definition 8 The instantiation of a modulB = (P, I, O) with an (Q, Ig, Oq) are modularly equivalent, denoted By=y, Q, iff
input A C TisP(A) = PUTF 4, whereF4 = ({a. |a € A},0,1).
1. Ip=Ig=IandOp = Og = O, and
Note thatP(A) = (PU{a. | a € A},0,IUO) is essentiallya NLP 5 P(A) =, Q(A)forall A C 1.
with Hb,(P(A)) = I U O, and we can generalize the stable model
semantics for modules. In the seqiil4) is identified with the re-  Modular equivalence is very close ta, defined for modules. As a
spective NLPP U F4, whereF4 = {a. | a € A}, andM NI acts  matter a fact, if Definition 3 is generalized for modules, the second
as a particular input with respect to which the module is instantiatedcondition in Definition 10 can be revisedfo=, Q. That, however,



is not enough to cover the first condition in Definition 10,:as As for =, the EVA assumption is equally important in conjunc-
only enforcestb, (P) = Hb.(Q). If I = 0, modular equivalence tion with =.,, which becomes evident once we work out the intercon-
coincides with visible equivalence. @ = 0, thenP =,, Q means nections o=, and=,,. We begin by describing ways in which mod-
thatP andQ have the same number of stable models on each input.ular equivalence can be exploited in the verification of visible/weak
Furthermore, in théully visible casei.e. if Hby, (P) = Hb,(Q) = equivalence. One concrete step in this respect is to reduce the prob-
?, modular equivalence can be seen as a special cadeuofform lem of verifying =, to that of=, by introducing a special module
equivalence fold = I. Recall, however, the restrictiofitead(P) N G that acts as a context generator in analogy to [25].
I = Head(Q) NI = @ imposed by module structure. With a further
restriction/ = (), modular equivalence coincides with weak equiva- Theorem 3 If Hby (P) = Hb,(Q) = O U holds forP’ andQ, then
lence. Setting’ = Hb(P) would give uniform equivalence, but the P =m Qiff PUG; =, QU G; whereG; = ({a « ~a. @ « ~a |
restrictionHead(P)NI = () leaves room for the empty module only. @ € I},0,I) generates all possible inputs frand Q.

Since=, is not a congruence relation far, neither is modular |
equivalence. The situation changes, however, if one considers tHgr0of sketch.Note thatG has2""! stable models of the form U

join operatiorL) which suitably restricts possible contexts. {alac I\ A}whereA C I.ThusP =, PUG;andQ =y QUG
follow by Definitions 2 and 3 and Theorem 1. It follows tffat,, Q

Theorem 2 LetP, Q andR be logic program modules. F =, Q iff P(A) =, Q(A)forall AC Tiff PUG; =, QUG;. |

and bothP LI R andQ U R are defined, the® UR =, QU R. Consequently, the translation-based method from [15] can be used

. to decideP =,, Q given thatP andQ have enough visible atom&(

Proof sketch. ConsiderP = (P, 7,0) andQ = (Q,1,0) such  paq the EVA property trivially). The task is to show tHQT(P L
thatP =, Q, andR = (R, Ir,Or) such thaP UR andQUR G, 1 G;) andEQT(Q U Gy, P L G;) have no stable models.
are defined. It follows from Theorem 1 thafr = M N Hb(P) € The introduction of=,,, was much motivated by the need of mod-
SM(P) andMp = M NHb(R) € SM(R) foranyM € SM(PUR). jarizing the verification of=.® To make this idea clear, we propose a
SinceP = Q, there is a bijectiory : SM(P) — SM(Q) suchthat  gyateqy to utilize=,,, in the task of verifying the visible/weak equiv-
Mpn(OUI) = f(Mp)Nn (O UI). DefineMq = f(Mp) and  gence ofP and(. It is required that the module structure fBrand
apply Theorem 1 to show thadtlo U Mr € SM(Q U R). Finally 5 s either specified explicitly or detected automatically by comput-
show thatg : SM(P UR) — SM(Q U R) defined ay(M) = ing the strongly connected componentsisfp*(P) andDep(Q).
F(M N Hb(P)) U (M N Hb(R)) is a bijection satisfying conditions  Assyming thaty is obtained fromP through local modifications, it
in Definition 3. ThusP UR = QUR. ~ B islikely that these components are pairwise compatible and we can

Itis instructive to consider a poten_tlally stronger variant=af, partition P and@Q so that? = P; - - -UP, andQ = Q, U---UQ,
defined in analogy te=; [16]: P =;, Qiff PUR =» QUR holds  \yherep; andQ; have the same input and output sets foriaihd
fo_r all ]R such thaP LU R andQ UR are.deflned.‘ Hoyvever, Theorem p. _ Q; might hold for a number of's. Now, verifying?; = Q;
2 implies that=}, adds nothing te=,, sinceP =7, Q iff P = Q. for everyi is not of interest a®; %, Q; does not necessarily imply

As regards the computational complexity, deciding is coNP- P %, Q. However, the verification aP =, Q can still be organized
hard in general, since deciding = (@ reduces to deciding ¢4 sequence afmodule-level tests

(P,0,Hb(P)) =m (Q,0,Hb(Q)). If Hbr}(P) = Hbn(Q) = 0,

decidingP =, Q reduces to deciding =, @Q [25]. Thus deciding i—1 n et n

=.. is coNP-complete in the fully visible case. In the other extreme, (jlglle) LU (]_:l7|+ipj) =m (jlgl@j) UQiu (j:|7|+1]P’j) 1)

if Hb, (P) = Hb, (Q) = 0, thenP =., Q iff [SM(P)| = [SM(Q)].

This suggests a much higher computational complexity of decidingvherel < i < n. The resulting chain of equalities convelfs=, Q

=, in general because classical models can be captured with stabinder the assumption thRtand@ have a completely specified input.

models [20] and the counting problethSAT is #P-complete [24]. If not, then=,, can be addressed in a similar fashion using (1).
A way to govern the computational complexity is to limit the use ]

of hidden atoms as in the case®f [15]. Therefrom we adopt the Example 4 Consider” = P, UP; and@ = Qi U Q2 where

property of havingenough visible atom@VA). For an interpretation F1 = ({¢ — ~a.},{a,b},{c}), P> = ({a — .},0,{a,b}),

M, C Hb,(P) for the visible part of a NLPP, the hidden part @1 = ({¢ — ~b.},{a,b},{c}) andQz = ({6 — a.},0,{a,b}).

Pu/M, of P relative M, containsh — B;",~B; for each rule  NOWP1 #wm Qi butP1 =, Q for all inputs generated b and

h« BT, ~B~ € Psuchthah € Hby(P)andM, = Bfu~B;. Q2. ThusPiUP2 = QUP: =n Q1UQz, P =y QandP = Q.

Definition 11 A NLP P has enough visible atoms iff, /M, has a The programs involved in each test (1) differlfy and Q; for

unique stable model for every interpretatiof, C Hb, (P). which the other modules form a common context, €ayA way to
optimize the verification oP; LI C; = Q; U C; is to viewC; as a

The idea behind the EVA property is that the interpretation ofmodule generating input fd; andQ; and to adjust the method from

Hby (P) is uniquely determined for each interpretationHis., (P). [15] to useEQT (P;, Q; )LIC; rather tharEQT (P;LIC;, Q;LIC;). We

Consequently, the stable modelsfotan be distinguished from each expect computational advantage from this strategy especially when

other on the basis of their visible parts. By the EVA assumptionthe contextC; is clearly larger than the modul@s andQ;.
[15], the verification of=, becomes<oNP-complete forsMODELS

program$ involving hidden atoms—enabling the translation-based
method [14] for=,. Although verifying the EVA property can be 6 RELATED WORK

hard in general, there are syntactic subclasses of NLPs (e.g. those fpre notion of modular equivalence is already contrasted with other
which Py, /M, is always stratified) with the EVA property. It should equivalence relations in Sections 3 and 5.

be stressed that the use of visible atoms is not limited in this setting

3 Recall that=, coincides with= for programsP and@ having equal and
2 This class of programs includes normal logic programs. fully visible Herbrand bases.
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