
Beyond Success and FailureSandro EtalleDept. of Computer Science, Universiteit MaastrichtP.O. Box 616, 6200 MD Maastricht, The Netherlandsetalle@cs.unimaas.nlFemke van RaamsdonkCWIP.O. Box 94079, 1090 GB Amsterdam, The Netherlandsfemke@cwi.nlAbstractWe study a new programming framework based on logic programming wheresuccess and failure are replaced by predicates for adequacy and inadequacy.Adequacy allows to extract a result from a partial computation, and inad-equacy allows to exibly constrain the search space. In this parameterizedsetting, the classical result of independence of the selection rule does nothold. We show that, under certain conditions, whenever there exists anadequate derivation there is one in which only so-called needed atoms areselected. This result is applied in a practical setting where adequacy isexpressed using a notion of request.1 IntroductionIn logic programming, success and failure determine when the computationshould stop and return the result and when it should start backtracking.In this sense, success and failure form the cornerstones of control. In thetraditional approach, a resolution sequence is considered to be successful ifit ends in the empty query, and failing if the resulting query is non-emptybut no clause can be applied to the selected atom. In the present paper wepropose to take a more general point of view by parameterizing over notionsof success and failure, which we then call adequacy and inadequacy.The important point of using adequacy is that it permits to extract aresult from an incomplete computation, which is particularly useful in thepresence of potentially in�nite data structures. As an example we considerthe following program, which computes the list of Fibonacci numbers.fib([xn; xn+1; xn+2jl])  xn+2 is xn + xn+1;f ib([xn+1; xn+2jl]):Suppose we are interested in computing the �fth Fibonacci number. Thenwe start computing in the query fib([0; 1; ; ; xjl]) and specify that a com-



putation is adequate if it computes the value of x. The derivationfib([0; 1; ; ; xjl]))� fib([1; 1; ; xjl]))� fib([1; 2; xjl]) )� fib([2; 3; l]):instantiates x to 3 and is hence considered to be adequate, although it is notsuccessful in the traditional sense.The inadequacy predicate can be used to cut away an in�nite branchnever leading to an adequate state. Consider for instance the program de-�ned by the following clauses:p(f(y))  :p(a)  :q  q:Consider the query p(x); q and suppose that a derivation is considered to beadequate if it computes the value of x. Consider the derivationhp(x); q; �i ) hq;x 7! f(y)i:It is clear that there is no way to extend this derivation to an adequateone, because y will never be instantiated and the only possible extension isto enter the one-step loop hq;x 7! f(y)i ) hq;x 7! f(y)i. At this pointit becomes extremely useful to be able to backtrack instead of entering anin�nite branch. This is possible by specifying an inadequacy predicate asfollows: the inadequacy predicate I holds for a state hQ;�i if x� is notground and the variables in x� do not occur in Q.It is easy to see that in this general setting independence of the selectionrule does not hold. Hence it is important to investigate when appropriateselection rules can be devised. Following the approach initiated by Huetand L�evy in [5] in the context of rewriting, we introduce needed atoms,and we show that, under certain conditions, whenever there is an adequatederivation, there is one in which only needed atoms are selected. This resultis obtained in a quite abstract setting. We then introduce for logic programswith guards and delay declarations the notion of request, which allows toformulate a notion of adequacy that is useful in practice, and we formulateconditions that permit to apply the result concerning needed atoms.The remainder of the paper is organized as follows. In the next section we�x the notation. In Section 3 we discuss our approach of parameterizing oversuccess and failure by means of predicates for adequacy and inadequacy. InSection 4 the notion of needed atoms is introduced, and we show that, undercertain conditions, there is an adequate derivation in which only neededatoms are selected whenever there is an adequate derivation. Section 5is concerned with logic programming with guards and delay declarationsenriched with requests. Finally we discuss some other possible uses of the(in)adequacy predicates.



2 PreliminariesWe assume a set V of in�nitely many variables written as x; y; z; : : :. Wewrite function symbols as f; g; a; b; : : : and relation symbols as p; q; : : :. Some-times we use more suggestive notation. Both function and relation symbolsare supposed to have a �xed arity. If F is a set of function symbols, thenterms over F are built from variables and function symbols in F in the usualway. If in addition R is a set of relation symbols, then atoms over F andR are built from terms over F and relation symbols in R in the usual way.Terms are written as s; t; : : : and atoms as A;B;H; : : :. In the sequel, wewon't specify the sets of function and predicate symbols if no confusion canarise. A query is de�ned as a �nite sequence of atoms. Queries are denotedby Q; : : : or by specifying a �nite sequence of atoms. A sequence of atomsA1; : : : ; An with n � 0 is often abbreviated to ~A. The empty query is de-noted by �. A substitution is a mapping from variables to terms, writtenas �; �; : : :, that is extended to terms and atoms homeomorphically. Theidentity substitution is denoted by �. We will consider pairs consisting ofa query and a substitution, written as hQ;�i, and call such pairs states.Instead of states one often considers queries only. The dynamics of logicprogramming is de�ned using clauses. A clause is an expression of the formH  B1; : : : ; Bm with H;B1; : : : ; Bm atoms. A set of clauses is also calleda program.3 Success and Failure RevisitedIn the approach we propose, the control part of a logic program is speci�edby two control predicates: one for adequacy and one for inadequacy. The ad-equacy predicate is used to express that a computation has yield su�cientinformation, and the inadequacy predicate to express that it is no use to con-tinue the computation under consideration. Before we discuss the meaningand use of these predicates, we �rst need to introduce some more notions.In logic programming languages with a dynamic selection rule there isoften a way to express whether an atom can be selected. This can for instancebe done by means of delay declarations, or, somewhat more implicitly, usingguards. These two concepts will be considered in Section 5. Until then, it issu�cient to consider an abstract predicate for selectability.De�nition 3.1 Let a program P be given. A predicate S de�ned on atomsis said to be a selectability predicate if it satis�es the following requirements:1. if S(A) holds then for every clause H  ~B in P it is decidable whetherA and H unify,2. if S(A) holds then S(A�) holds for every substitution �. �



The �rst requirement makes sense for instance when considering guardeduni�cation; note further that the selectability predicate is required to bemonotonic.A selection rule is a mapping that given a state returns a selectable atomin that state whenever the state contains a selectable atom, and returns �otherwise.In the following we will consider predicates A for adequacy and I forinadequacy. These predicates depend on the program and the selection ruleunder consideration; note that the latter in its turn depend on the selectabil-ity predicate. In the notation these parameters are suppressed: we denoteby A(hQ;�i) that a state hQ;�i is adequate and by I(hQ;�i) that it is in-adequate. The (in)adequacy predicates are subject to the following threeassumptions. We will suppose that1. (in)adequacy predicates are invariant under renaming,2. there is no state in which both A and I hold,3. if there is no clause the head of which uni�es with the selected atom,then I holds.If a state is neither adequate nor inadequate and applying the selection ruleto it yields �, then we say that it is in deadlock. Note that it can be the casethat inadequacy is de�ned to hold if the selection rule yields �; in that caseno state is in deadlock. By de�nition, adequacy, inadequacy and deadlockare mutually exclusive.Now the dynamics are de�ned as follows.De�nition 3.2 Let P be a program. Suppose that1. hQ;�i is a state that is neither adequate, nor inadequate, nor in dead-lock,2. Q = A1; : : : ; Am�1; Am; Am+1; : : : ; An with Am the selected atom,3. c = H  ~B, is a suitable renaming of a clause in P,4. � is a most general uni�er of Am and H.Then we have a derivation stephQ;�i �=)c hQ0;��iwith Q0 = (A1; : : : ; Am�1; ~B;Am+1; : : : ; An)� .We say that the clause c is applied to Am in hQ;�i. For every i 2f1; : : : ;m� 1;m+1; : : : ; ng, the atom Ai� in Q0 is said to be the descendantof the atom Ai in the query Q. The atoms ~B� in Q0 are said to be createdin the derivation step. �



We omit the labels specifying the most general uni�er and/or the clausewhenever possible. Further, we usually specify only the relevant part of asubstitution in a state. A sequence of derivation steps is called a derivation.Derivations can be �nite or in�nite. The de�nition of descendant is extendedin a natural way to derivations consisting of more than one derivation step.We make use of the following terminology.De�nition 3.3 Let P be a program and let an adequacy predicate A andan inadequacy predicate I be given. Let� : hQ1;�1i )� hQm;�mibe a �nite derivation.1. � is said to be adequate if A(hQm;�mi) holds.2. � is said to be inadequate if I(hQm;�mi) holds.3. � is said to deadlock if hQ;�i is in deadlock. �The standard approach to logic programming is obtained by specifying thatA coincides with the usual notion of success, that is, it holds for hQ;�i andP if and only if Q = �, and that I coincides with the usual notion of failure,that is, it holds for hQ;�i and P if and only if Q 6= � and no clause in Pcan be applied to the selected atom. The general, parameterized, settingpermits however to express many more notions of (in)adequacy, as discussedin the introduction.Non-determinism. As is well-known, a derivation step is subject to fourdimensions of non-determinism (c.f. Section 3.5 of [2]):1. the choice of a renaming of the program clause used,2. the choice of a most general uni�er,3. the choice of an atom,4. the choice of a program clause.Since (in)adequacy predicates are supposed to be invariant under renaming,it follows as for the classical approach to logic programming that neither thechoice of a renaming of a clause nor the choice of a most general uni�er isrelevant. Further, the choice of a program clause yields non-determinism asin the classical approach.The essential di�erence with the classical approach lies in the third di-mension of non-determinism, the choice of an atom. In the classical ap-proach, an important result is the independence of the selection rule. Moreprecisely, it is shown (see [2]), that for every successful derivation � and forevery selection rule R, there exists a derivation that is via R, successful, has



the same length as � and that yields the same computer answer substitu-tion as �. This result fails in the present, generalized setting. Consider forinstance the program de�ned by the following clauses:q  q:p(a)  :Suppose that we specify our adequacy condition to hold if and only if x isinstantiated to a ground term. Thenhq; p(x); �i ) hq;x 7! aiis an adequate derivation, but there is no adequate derivation using theleftmost selection rule.4 Call by NeedIn the light of the negative result concerning independence of the selectionrule, it is important to identify useful selection rules. Our approach is in-spired by a line of research initiated by Huet and L�evy in [5] (for more recentcontributions concerning also notions of partial result see for instance [6, 4]).They show in [5] that in an orthogonal term rewriting system, every termnot in normal form contains a needed redex, and that repeatedly contractingneeded redexes yields a rewrite sequence ending in normal form, wheneverthe initial term has a normal form. Intuitively speaking, the contractionof a needed redex cannot be avoided and needed rewriting is normalizing.Needed redexes are not computable.In this section we de�ne needed atoms as atoms that must be resolved inorder to obtain an adequate state. We identify conditions on the selectabilitypredicate and the (in)adequacy predicates that guarantee that if a stateadmits an adequate derivation, then it admits one in which only neededatoms are selected. We call such a derivation a call by need derivation.Note that due to the fourth dimension of non-determinism (the choice of theprogram clause), we cannot hope that every derivation via the call by needselection rule is adequate.Needed atoms. Needed atoms are de�ned using the notion of descendant(see De�nition 3.2).De�nition 4.1 Let P be a program and let A be an adequacy predicate.An atom A in a state hQ;�i is needed with respect to A if for every adequatederivation hQ;�i )� hQ0;�0i we have that Q0 does not contain a descendantof A. �Note that in a state that is not the starting point of an adequate derivation,every atom is needed.



Example 4.21. If we take for adequacy the traditional notion of success, then in anystate hQ;�i every atom in Q is needed.2. If A(hA;�i) does not hold, then A is needed. �The �rst part of the previous example reveals that needed atoms are simplynot interesting in the traditional approach to logic programming.Requirements. What we aim at now, is to identify requirements thatguarantee the following property to hold: if there is an adequate derivation,then there is one in which only needed atoms are selected. This is not the casein general. It can be the case that needed atoms do not exist. Moreover,problems occur when atoms that are not needed can make needed atomsavailable. This can happen in three ways: by creating an atom (in the senseof De�nition 3.2), by turning an atom that is not needed into a needed one,and by turning a non-selectable needed atom into a selectable one. This isillustrated in the following example.Example 4.31. Consider the program P de�ned by the clausesa  cb  cLet the adequacy predicate A be de�ned as follows: A(hQ;�i) holds if andonly if Q contains an atom c. Consider the state ha; b; �i. Neither a nor bis a needed atom, since both ha; b; �i ) hc; b; �i and ha; b; �i ) ha; c; �i areadequate derivations. Hence the state ha; b; �i does not contain a neededatom.2. Consider the program P de�ned by the clausesa  a0a0  a00b  b0b0  b00Let the adequacy predicate A be de�ned as follows: A(hQ;�i) holds if andonly ifQ 2 f(a00; b); (a; b00)g. Then the state ha; b; �i does not contain a neededatom, since we have adequate derivations ha; b; �i ) ha0; b; �i ) ha00; b; �i andha; b; �i ) ha; b0; �i ) ha; b00; �i. Note that in this case resolving an unneededatom creates a needed atom.3. Consider the program de�ned by the clausesq(a; b)  q(a0; b0)  p(a)  p0(a0)  



Suppose that S(q(s; t)) holds only if s is a ground term. Suppose furtherthat a derivation starting in hp(x); p0(x); q(x; y); �i is adequate only if y isinstantiated to a ground term. The query p(x); p0(x); q(x; y) does not containa needed atom, essentially because there is more than one way to make adescendant of q(x; y) selectable. �This example motivates the following two de�nitions; the �rst one concernsthe predicates for (in)adequacy and the second one concerns the selectabilitypredicate.In the rest of this section we refer to an �xed unspeci�ed program P andset of queries Q, which we assume to be closed with respect to P, i.e. thatfor every derivation step hQ;�i ) hQ0;��i, using a clause of P we have thatQ 2 Q implies Q0 2 Q.De�nition 4.4 (In)adequacy predicates A and I are said to be serializableif for each Q 2 Q the following conditions are satis�ed.1. If � = hQ;�i ) hQ0;�0i is a derivation step with A(hQ0;�0i) and notA(hQ;�i), then the atom selected in � is needed.2. Let � = hQ;�i ) hQ0;�0i be a derivation step in which the selectedatom is not needed, and suppose that hQ0;�0i admits an adequatederivation. Then all needed atoms in hQ0;�0i are descendants of neededatoms in hQ;�i. �De�nition 4.5 A selectability predicate S is said to be serializable if forevery Q 2 Q the following requirement is satis�ed. Let � = hQ; �i ) hQ0;�0ibe a derivation step with selected atom A, and let B be an atom in Q thatis not selectable in hQ; �i, but which descendant B0 is selectable in hQ0;�0i.Then for every derivation hQ; �i )� hQ00;�00i such that the descendant of Bis selectable in hQ00;�00i, we have that Q00 does not contain a descendant ofA. �Call by need is adequate. Now we have the following result.Theorem 4.6 If the (in)adequacy predicates A and I and the selectabilitypredicate S are serializable, then for each Q 2 Q.1. if a state hQ;�i is not adequate then it contains a needed atom,2. if there is an adequate derivation starting in hQ;�i consisting of nderivation steps, then there is an adequate derivation starting in hQ;�iin which only needed atoms are selected and which does not containmore than n steps.Proof. Let� � hQ;�i = hQ0;�0i )� hQn;�ni



be an adequate derivation of n steps starting in hQ;�i. We proceed byinduction on n.1. Suppose that � consists of one step: � � hQ0;�0i ) hQ1;�1i. By the�rst property, we have that the selected atom in � is needed.2. Suppose that � � hQ0;�0i ) hQ1;�1i )� hQn;�ni consists of morethan one step. By the induction hypothesis, there is a call by needderivation �1 issuing from hQ1;�1i that is adequate. Let A0 be theatom that is selected in the �rst step of �. Two cases are distinguished.(a) A0 is needed. Then the derivation step �0 � hQ0;�0i ) hQ1;�1ifollowed by �1 is an adequate call by need derivation.(b) A0 is not needed. We construct a call by need derivation that isadequate, using serializability.This result is quite abstract. In the following section we discuss a concreteapplication.5 Using (In)adequacy PredicatesIn this section we consider logic programs with guards and delay declara-tions. We extend the language with so-called requests, which permits toformalize a simple notion of adequacy which is useful practice. The �rstsubsection contains preliminaries, in the second subsection the notion ofrequest is introduced.5.1 Guards and Delay DeclarationsGuards. We roughly follow the approach described by Shapiro in [8]. Aguard is a conjunction of atoms built from function symbols and guard rela-tion symbols, which possibly don't coincide with the relation symbols used inthe program. Guards are written as G1; : : : ; Gk, which can be abbreviatedto ~G. A guarded clause is an expression of the formH  G1; : : : ; Gk j B1; : : : ; Bn:We assume that it is decidable whether a ground instance of a guard holds.The operational semantics as given in De�nition 3.2 changes as follows. LetA be the selected atom in some query and let � be a most general uni�er ofthe head of a clause c = H  ~G j ~B and A. If ~G� is ground and holds,then c can be applied to A. If ~G� is ground and does not hold, then thecomputation fails. If ~G� is not ground, then the computations suspends. Asin the case without guards, with classical notions of success and failure, thecomputations also fails if A does not unify with the head of any clause ofthe program.



Delay Declarations. Logic programming languages which employ a dy-namic selection rule need a mechanism for determining when an atom isselectable. Here we use delay declarations as introduced by Naish in [7]. Weroughly follow the approach described by Apt and Luitjes in [1]. A delaycondition is a conjunction built from delay base conditions of the followingform:� ground(s), which holds i� s is a ground term,� nonvar(s), which holds i� s is a non-variable termA di�erence with the delay declarations as in [1] is that we do not considerdelay conditions that are disjunctions.Now a delay declaration for a relation symbol p is an expression of theform delay A until cwith A an atom with relation symbol p and c a delay condition. We supposethat a program is equipped with delay declarations. We admit the possibilitythat there is more than one delay declaration for a relation symbol; in thisrespect our approach di�ers from the one in [1].Delay declarations inuence the operational semantics as follows. Anatom B is said to be delay-safe if for every delay declaration delay A until cand for every substitution � we have that A� = B implies that c� holds. Inthis setting we make use of the following notion of selectability: S(A) i� A isdelay-safe. Note that this selectability predicate is monotonic. Now in orderfor the �rst requirement of De�nition 3.1 to hold, we assume the followingrelation between guards and delay declarations:for every delay-safe atom A and every guarded clause H  ~G j ~B of P wehave that if A and H have a most general uni�er � then ~G� is ground.Natural Programs. A moding is a function assigning to every argumentof a predicate symbol In or Out . In the �rst case an argument is said tobe input and in the second case it is said to be output. In the remainderof this paper we assume every predicate symbol to have a unique moding.An argument of a predicate symbol occurring in a clause (query) is said tobe producing either if it occurs in the head and is input or if it occurs inthe body and is output. An argument of a predicate symbol is said to beconsuming otherwise.De�nition 5.11. A clause is said to be natural if the family of terms in its producingpositions is linear, i.e. no variable appears more than once. A programis natural if every clause is natural.



2. A delay declaration delay A until c is natural if every variable ofc occurs in an input position of A, and moreover A has only freshdistinct variables in its output positions. �In the remainder of this section we consider natural programs with guardsand delay declarations as described in this subsection.5.2 RequestsIn the examples we have seen that some reasonable notions of (in)adequacydepend not only on the program and the state under consideration, but alsoon the the degree of instantiation of the variables of the initial state. This isfor instance the case if we start computing the list of prime numbers with theaim to �nd only the �rst one (or the �rst few ones). Then we would like tostart in hprime(x); �i and specify the adequacy predicate to hold on hQ;�iand P if the �rst element of x� is speci�ed. In this subsection we introducea way to formalize such notions of (in)adequacy by means of requests.A request condition or shortly a request is a conjunction built from thefollowing request base conditions:� Val(x), which holds in a state hQ;�i if Var(x�) \ Var ( ~A) = ;,� Root(x), which holds in a state hQ;�i if either x� is not a variable orVar(x�) \ Var( ~A) = ;,De�nition 5.2 A request con�guration is an expression of the form r :hQ;�i with r a request.The de�nition of a derivation step is extended to request con�gurationsas follows: if hQ;�i ) hQ0;�0i, then r : hQ;�i ) r : hQ0;�0i. A requestcon�guration r : hQ;�i is natural if hQ;�i is natural. �Other notions concerning derivations are extended in the natural way.Natural request con�gurations are closed under resolution with naturalclauses.In this setting we will consider the following notion of adequacy (nowde�ned on a request con�guration and a program): A(r : hQ;�i) holds ifand only if r holds in hQ;�i. We take for inadequacy the usual notion offailure.Example 5.3 The following program implements the sieve of Eratosthenes.primes(x)  from(2; y); sieve(y; x):from(x; y)  from(x+ 1; z); y = [xjz]:sieve([xjy]; [xjz])  filter(x; y; u); sieve(u; z):f ilter(x; [yjz]; u)  div(x; y) j filter(x; z; u):f ilter(x; [yjz]; u)  nondiv(x; y) j filter(x; z; u0); u = [yju0]:



We have the following derivation: V al(x) : hprimes([xjxs]); �i )V al(x) : hfrom(2; y); sieve(y; [xjxs]); �i )V al(x) : hfrom(3; z); y = [2jz]; sieve(y; [xjxs]); �i )V al(x) : hfrom(3; z); sieve([2jz]; [xjxs]); �i )V al(x) : hfrom(3; z); f ilter(2; z; u); sieve(u; xs);x 7! 2iThis derivation is adequate because in the last request con�guration therequest is satis�ed. �5.3 Call by needThe aim of the present subsection is to apply Theorem 4.6 in the practi-cal setting of logic programs with guards and delay declarations, with thenotion of request as de�ned above. So we need to show that the adequacypredicate using requests and the selectability predicate using delays are se-rializable. This can be shown provided we impose one further requirementon the programs we consider; this requirement is de�ned as follows.De�nition 5.4 We say that P is non-destructive if for every selectable atomA, for every clause H  ~G j ~B in P and for every most general uni�er � ofH and A, we have that A� is in its input positions a variant of A. �Thus, a non-destructive program is a program which never instantiates theinput positions of the selected atoms. A large class of programs satis�es thisrequirement, as is argued in [3].Assuming programs to be non-destructive, we can show that the se-lectability predicate and the (in)adequacy predicates of the present settingare serializable. Hence we have the following corollary of Theorem 4.6Corollary 5.5 Let P be a natural and non-destructive program. Every re-quest con�guration that is not adequate contains a needed atom, and if arequest con�guration admits an adequate derivation of length n then it ad-mits an adequate call by need derivation of length not more than n.Finding needed atoms. We now discuss how to �nd needed atoms.De�nition 5.6 Let r : hQ;�i be a request con�guration.1. If r = V al(x), then we say that r demands an atom B in Q if a variablein x� occurs in a producing position of B.2. If r = Root(x) then we say that r demands an atom B in Q if x� is avariable occurring in a producing position of B.



3. If r = r1 ^ r2, then we say that r demands an atom B in Q either ifr1 demands B or if r2 demands B. �We need one last concept.De�nition 5.7 Let A be an atom and x 2 Var(A). We say that A is lockedon x if for every ground substitution � not having x in its domain, we havethat A� is not selectable. �It can be proven that if A is not selectable then there is a variable x in itsinput positions such that A is locked on x. There might be more than onesuch variable.De�nition 5.8 (Demanded Atom) Let r : h ~A;�i be a request con�gura-tion. The set of demanded atoms is the minimal subset of ~A such that thefollowing conditions are satis�ed.� if r� demands x and x occurs in an output position of Ai, then Ai isdemanded,� if Ai is demanded and it is locked on a variable x, and x occurs in anoutput position of Aj, then Aj is demanded. �Now we have the following result.Theorem 5.9 In a natural and non-destructive program, demanded atomsare needed. Moreover, every state that is not adequate contains a demandedatom.Example 5.10 Consider the program quicksort using di�erence lists:qsort(x; y)  qsort dl(x; y; []):qsort dl([xjx0]; y; z)  partition(x0; x; ls; bs);qsort dl(ls; y; [xjy0]); qsort dl(bs; y0; z):partition(x; [yjys]; [yjls]; bs)  x � y j partition(x; ys; ls; bs):partition(x; [yjys]; ls; [yjbs])  x < y j partition(x; ys; ls; bs):partition(x; [ ]; [ ]; [ ]):qsort dl([]; x; x):Let l be a ground list. Using the speci�cation of the adequacy predicate asabove, the request con�gurationVal(x) : hqsort(l; [xjx0]); �iis the starting point of an adequate derivation that ends in a request con�g-uration in which the value of the �rst element of l is known. It is importantto observe that in order to obtain the desired result the computation doesnot have to order the whole list, and it will not do so, provided that theselection rule is su�ciently \intelligent", which is the case if a call-by-needselection rule is employed; in this case it is worth noticing that the aboverequest con�guration generates a derivation in which only half of the atomsof the form qsort dl(xs; ys; zs) which are introduced along the derivationwill eventually be resolved. �



6 Concluding remarksIn this section we discuss some possible other uses of the parameterizationover success and failure.Interactive ComputingThe computation with requests can be extended such that one is allowedto add requests on the y. In this way we obtain in a very natural way anotion of interactive computing. The interaction then is between a requestingand a resolving agent. The requesting agent speci�es a request of the formr0 : hQ; �i. Then it is the turn of the resolving agent, who will try to constructa derivation ending in a state that is adequate with respect to the requestr0. Having reached this point, it is again the turn of the requesting agent,who might decide either to be satis�ed, or to add another request r1. Onecan for instance think of a computation that is supposed to yield an in�nitelist; �rst one asks for the �rst value and having got that one, one may decideto ask in addition for the second one.Expert SystemsAs yet we did not fully exploit the possibility to specify an inadequacy pred-icate other than the usual notion of failure in logic programming. A domainwhere it is useful is in that of expert systems. Suppose we are in presence ofa diagnosis system based on backward chaining. Then we can be interestedin knowing whether the system, in order to provide a certain explanation �,has been used a certain information (or inference rule) inf (or, equivalently,if the explanation � would hold also if inf was not present). Generally, thiscan be done by removing inf from the knowledge base; in our framework thiscan be simply achieved by specifying together with the query an appropriateinadequacy predicate which triggers every time that some information in infis being used. This has the advantage of not requiring internal modi�ca-tions. Furthermore, it could allow arbitrarily sophisticate control over theinference mechanism, by forbidding certain \undesired" forms of reasoning.AcknowledgmentsWe thank Krzysztof Apt for feed-back.This research was supported by NWO/SION project number 612-33-003,entitled `Parallel declarative programming: transforming logic programs tolazy functional programs'. The �rst author was working at the faculty ofmathematics, computer science, physics, and astronomy of the University ofAmsterdam when this research was initiated.
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