
Full Acceptance Through Argumentation - a Preliminary ReportRenata WassermannInstitute for Logic, Language and ComputationUniversity of AmsterdamPlantage Muidergracht 241018TV - Amsterdam, The Netherlandse-mail: renata@wins.uva.nlAbstractWhen an agent receives new pieces of informa-tion, these may contradict his previous beliefs.The agent must decide how to solve this con-tradiction. Most frameworks dealing with theproblem of belief revision attach higher priorityto incoming information, i.e., they may give upsome part of the old beliefs in order to accom-modate the new piece of information and keepconsistency. In this paper, we propose the useof argumentation theory to decide whether in-coming information should be accepted or not.1 IntroductionThe problem of belief revision, i.e., of how the beliefsof an agent should change in the presence of new infor-mation, has been recently addressed by various authors.In most approaches, specially those following the AGMparadigm [Alchourr�on et al., 1985], the agents are ideal-ized in that they are assumed to have perfect recall andto hold only consistent beliefs, which are furthermoreassumed to be closed under logic consequence.Incoming information is usually given the highest pri-ority, so that if a contradiction arises, some of the pre-vious beliefs have to be given up. In approaches to non-prioritized belief revision [Hansson, 1997], i.e., revisionin which the new piece of information does not have thehighest priority, the decision whether to accept or notnew information is taken by extra-logical means such asselection functions or incision functions, but there is noreal recipe of how to choose these functions. In this pa-per, we explore a di�erent idea - using argumentationtheory for deciding whether new information is accept-able.In [Wassermann, 1999b] we have developed a frame-work for belief revision which takes into account the ef-fects of both limited memory and limited capacities ofinference. In this model, the belief state of an agentis represented by a structure that distinguishes di�erentkinds of beliefs: beliefs that are explicit or basic, be-liefs that are implicit or merely derived, and beliefs thatare active, i.e., in use. Besides the beliefs of the agent,the structure also represented \provisional beliefs", i.e.,

sentences for which the agent has some evidence but isnot yet sure whether to accept them or not. In [Hans-son and Wassermann, 1999] and [Wassermann, 1999a],some ways of deciding which beliefs were active duringa certain operation of belief change were explored. Inthis paper, we turn to another question left open by themodel in [Wassermann, 1999b], namely how to decidewhether a provisional belief should be accepted.According to [Dung, 1995], a formula is believable \if itcan be argued successfully against attacking arguments".Dung also says that reasoning abount one's own beliefsis like performing an internal argument. Our concept ofprovisional beliefs is based on Harman's idea of tentativehypotheses. In order to be fully accepted, a tentativehypothesis has to survive the best attempts to refuteit [Harman, 1986]. In our case, \best attempts" are asgood as the agent is capable given his limitations.This is re
ected in the framework for resource-bounded argumentation given in [Loui, 1998]. Loui de-scribes a very general framework where there are a num-ber of parties involved, some of which (the players) areallowed to make locutions, the others being advocates.Each of the players try to get the current opinion to be inhis favour by presenting arguments. A vector representsthe resources consumed at each move.A protocol for disputation has to be de�ned and de-pends on the application. These are the real \rules of thegame", which determine what is allowed as a move, whois allowed to take next move, how the moves a�ect thecurrent opinion, and what the conditions for terminationare. In [Loui, 1998], some protocols are presented, whichcan be chosen according to the intended application.In the next section we will present the framework forresource-bounded belief revision introduced in [Wasser-mann, 1999b]. Then we will present the theory of argu-mentation that we use, based on [Loui, 1998]. In section4 we present our proposal for using the theory sketchedin section 3 to enrich the framework presented in section2.2 Belief States and Change OperationsIn this section, we are going to brie
y present the frame-work for resource-bounded belief revision introduced in



[Wassermann, 1999b]. We start by introducing some dis-tinctions between di�erent kinds of beliefs. The examplebelow motivates the distinctions.Consider the following situation: Mary is going out,and her mother tells her that she should take an um-brella. Besides beliefs about other subjects, Mary holdsthe belief that if she is going to be outside for a long time,then she should take the umbrella. She also believes thatshe will be outside the whole day. If her mother had notmentioned the umbrella, Mary would not have thoughtof it. Upon it being brought to her notice, she concludesshe should indeed take the umbrella.Following Harman [Harman, 1986], we will assumethat there are beliefs that are explicitly represented. Wecall implicit beliefs those beliefs that can be inferred fromthe set of the agent's explicit beliefs, according to theagent's logical ability. We will not concentrate in oneparticular inference operator, but use Inf to denote whatan agent can infer in one step. The set of implicit beliefsis given by what the agent would be able to infer if hewas given unlimited time, i.e., the result of applying Infan unlimited number of times.Not all of the agents beliefs are available at the sametime. We call active beliefs the set containing beliefsthat are available for use and things about which theagent is not yet sure. These last are called provisionalbeliefs. Provisional beliefs are not real beliefs, since theyare still under inspection. They are outside the set ofexplicit beliefs.A belief state is a structure � = hE; Inf; Ai, where E isthe set of the agent's explicit beliefs, Inf is the agents in-ference function and A is the set of the agent's active be-liefs. The set of implicit beliefs is given by: I = Inf�(E)= Inf(E) [ Inf2(E) [ Inf3(E) [ ::::.
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Figure 1: Structure of an agent's beliefsAt this point it may be useful to return to our small

example to illustrate the di�erence between explicit andactive beliefs. Mary's belief that if she is going to beoutside for a long time, then she should take the um-brella is part of her explicit beliefs and so is her beliefthat she will be outside the whole day. These beliefs onlybecome active when her mother mentions the umbrella.When Mary thinks of it, she infers that she should takethe umbrella. This example shows an argument againstrepresenting belief states as logically closed sets. Marydid not hold the belief that she should take the umbrellauntil the time at which the inference was made. It alsoshows that not all beliefs are active at the same time.Let p stand for \Mary should take an umbrella" andq for \Mary will be outside for a long time". Beforetalking to her mother, Mary's explicit beliefs contain,among others, the beliefs q and q ! p. The implicit be-liefs contain, among others, p. The set of active beliefsis empty (actually it could probably contain some re-mains of other reasoning, but this is not relevant for thisargument). When the mother says that Mary shouldtake an umbrella, p becomes a provisional active, butnot explicit, belief. Mary does not necessarily believeeverything her mother says immediately, so that she hasto think about it. This is as if she were asking herselfwhether she should take the umbrella. The beliefs q andq ! p become active, since they are relevant for decidingwhether to accept p. When Mary eventually decides toaccept p, this belief is made explicit and the set of activebeliefs may get new elements according to new input.Given our representation of belief state, the next stepis to de�ne operations that can be applied to belief statesto modify them.In AGM theory, three operations are de�ned on beliefstates: expansion, contraction, and revision. Expansionconsists in adding a new belief to the belief state withoutchecking the consistency of the resulting state, contrac-tion consists in deleting a belief from a belief state in away that the resulting state does not imply the deletedbelief, and revision consists in adding a belief to a beliefstate in such a way that the resulting belief state is con-sistent. Traditionally, revision is seen as a sequence of acontraction and an expansion (in any order). But thisis not a division into simpler steps, since contraction is(computationally) as complicated as revision. We wantto decompose revision and contraction in simple oper-ations that show what happens with an agent's beliefstate in each step, instead of only analyzing the initialand �nal states.The set of active beliefs is based on the concept of ashort-term memory. Beliefs that are active can be for-gotten or stored as explicit (but inactive) beliefs. Sincethe set of active beliefs is assumed to be very limited insize, there must be a mechanism that, in cases of over-
ow, selects which beliefs will be forgotten or stored.The �rst operation we de�ne is similar to AGM ex-pansion in the sense that it consists in simply addingnew information to a set without checking for consis-tency. But the operation takes the limited size of the set



into account.1 When trying to add something to a setthat is already at its maximum size, some elements ofthe set have to be given up. This can be seen as a kindof \forgetting".If X is a set with maximum sizem and � is an elementwe want to add to X , then:X [� f�g = X 0 [ f�g, where X 0 � X , jX 0j < m.Note that this operation reduces to a simple union aslong as the set is not \full". Since the size m of the set isgiven as a parameter, the operation is more accuratelydenoted as [�m. When the set is already at its maximumsize, something has to be discarded. If the set X isordered (for example by the last time the beliefs wererecalled), we can stipulate that the minimal elements ofthe set are the �rst to be dismissed, i.e., we want toensure that if an element is dismissed, then there is noother element which is retained and that is less than thedismissed one in the order:8y(y 2 X nX 0 ! :9x(x 2 X 0 ^ x < y)).We now de�ne six operations that can be applied onbelief states to change the status of beliefs.De�nition 2.1 Let hE; Inf; Ai be a belief state and� a formula. We de�ne the following operations onhE; Inf; Ai (we will omit the second argument Inf sincethe operations de�ned do not a�ect it):1. Observation (+o): adds an external input to the setof active beliefs.hE;Ai+o � = hE;A [� f�gi2. Retrieval (+r): retrieves an explicit belief into theset of active beliefs.hE;Ai+r � = � hE;A [� f�gi; if � 2 EhE;Ai otherwise3. Acceptance (+a): makes an active belief explicit.2hE;Ai+a � = � hE [� f�g; A n f�gi; if � 2 AhE;Ai otherwise4. Inference (+i): infers something from active beliefs.hE;Ai+i � = � hE;A [� f�gi; if � 2 Inf(A)hE;Ai otherwise5. Doubting (+d): a belief that was accepted is ques-tioned, becoming provisional.hE;Ai+d � = � hE n f�g; Ai; if � 2 A \ EhE;Ai otherwise6. Rejection (+c): rejects an active belief.hE;Ai+c � = � hE;A n f�gi; if � 2 AhE;Ai otherwise1When we talk about the size of a set of formulas, we meansomething like its complexity. The sets fp; qg and fp ^ qgshould have the same size. We could, for example, count theoccurrence of atoms.2 Acceptance could also be de�ned without deleting theaccepted belief from A, which seems to be more intuitive forhuman agents. The choice made here re
ects our interest inarti�cial agents.

The six operations de�ned above can be combined tomodel more complex operations. As an example of sucha composition, consider what happens when an agentgets new information via observation. The belief will�rst come into the set of active beliefs through the oper-ation +o and then the agent may accept it (+a). Anotherexample is the case of an explicit belief that becomes ac-tive (retrieval: +r), when it would be expected that someimplicit beliefs will also become active, i.e., the retrievaloperation will be followed by an inference (+i).3 ArgumentationIn this section, we introduce the basic concepts of argu-mentation theory that we will need in this paper. Thissection is based on [Loui, 1998].Argumentation has been investigated by researchersin the area of philosophy and arti�cial intelligence. Re-cently, it became clear that argumentation can be seen asa kind of non-monotonic reasoning. Arguments are notproof, but some kind of justi�cation for a claim, usu-ally defeasible. An argumentation process usually fol-lows some protocol that de�nes what the possible movesare, how a move a�ects the current state of the dispu-tation, who is allowed to move, etc. Once the partiesinvolved in the disputation agree about the protocol, theoutcome of an argumentation process following the pro-tocol is considered fair.Disputations are highly non-monotonic. The outcomedepends on the particular way in which the argumenta-tion process took place and if the process continues, theoutcome may change. Nevertheless, the process is fair(provided the disputants agreed about the protocol) andthe outcome is warranted.An argument is usually a pair formed by a set of for-mulas and one special formula, the claim. The set offormulas serves as a justi�cation for the claim. Argu-ments are related to each other is several ways. Argu-ments can interfere with each other, in case their claims(or subclaims) are inconsistent.Loui [Loui, 1998] de�nes a very general framework forargumentation that has to be \�lled in" in order to modelparticular kinds of disputation.An argumentation process is a sequence of locutions,where each locution is a triple formed by one party, theargument and the resources consumed. The participantsof the argumentation process do not have necessarily ac-cess to the same information. They may also have di�er-ent shares of resources at their disposal. In our case, wewill use argumentation processes where only two partiesare involved, pro and con. A variable current.opinionstores the party which is winning the disputation at acertain point. The parties try to switch the current opin-ion in their favour by advancing locutions. Since we aremodeling an internal argumentation process, where a sin-gle agent is involved and plays the roles of pro and con,we can assume that both parties have access to the sameinformation.



4 Using Argumentation for AcceptingBeliefsIn this section we present our proposal for using argu-mentation in order to decide whether a provisional beliefshould be accepted or not. In our case, the argumenta-tion is an internal process where a single agent plays therole of pro and con, analyzing the arguments for andagainst a given provisional belief. Since we are dealingwith resource-bounded agents, this internal argumenta-tion will not always succeed in examining all reasons foraccepting or rejecting a belief. By de�ning a protocolfor this process, we have to take care that the outcomecan be considered fair.There are two ways in which a sentence can become aprovisional belief:1. New information may be acquired by an operationof observation, i.e., come from the outside world.This new piece of information has to be checkedbefore being fully accepted. In this case, con triesto argue against it. If he fails, the provisional beliefis accepted, since it has survived the best attemptsto refute it. If con succeeds, the provisional beliefis rejected.2. A sentence that was previously accepted, an explicitbelief, may become provisional if the agent gets ev-idence against it. In this case, inquiry is reopened([Harman, 1986]) and pro tries to argue for the sen-tence. If he fails, the provisional belief is rejected.If pro succeeds, the provisional belief becomes fullyaccepted again.In the framework presented in section 2, there are twoclearly limited resources: the size of the set of activebeliefs and the number of basic operations used in thedisputation process. Since in our case a single agent isplaying the roles of pro and con, the set of active beliefsis a shared resource, both pro and con have access tothe whole set.All the sentences in the arguments presented becomeactive. The elements of the set of active beliefs are or-dered according to the order in which they were intro-duced in the argumentation. When the set gets too big,the oldest elements are \forgotten". If the discarded el-ements were explicit beliefs that were retrieved, they re-main in the set of explicit beliefs but become inactive. Ifthey were only provisional beliefs, then they are irreme-diably forgotten and dismissed from the whole structure.An argument for us will be a sequence of elementsof the set of explicit beliefs which is a derivation for itsclaim according to a �nite (small) number of applicationsof inference rules known by the agent. An argumentarg of player p (=pro or con) is counterargued whenthe other player presents an argument against one ofthe elements of arg (its subclaims). An argument argof player p is defeated if it is counterargued by arg' andp does not manage to counterargue arg' (either becausethere are no counterarguments or because the resourcesare exhausted).

When an argument is introduced by one of the players,the beliefs that are part of it are retrieved into the set ofactive beliefs. When an argument is counterargued, itsclaim becomes provisional. If an argument is defeated,its claim is rejected.The protocol we will be using assumes that the re-sources are equally divided, i.e., if player p1 has ex-hausted his share of resources but p2 has not, then p2is still allowed one move. Except for this situation, theplayers alternate the moves. No repetition of counterar-gued (sub-)arguments is allowed.Suppose a sentence � is observed. The current opinionis set to pro and con tries to �nd an argument for :�.If he fails, then � is accepted, otherwise, current opinionis set to con and pro tries to either counterargue thelast argument or present a new argument for �. If profails, then � is rejected. Otherwise, current opinion isset to pro and con tries to either counterargue the lastargument or present a new argument for :�. The pro-cess continues until resources are exhausted. The playerfavoured by current opinion wins.5 ExampleWe will now see an example of application of the protocoldescribed in section 4.We �rst have to give some more details about the pro-cedure. The claim to be veri�ed, a provisional belief,remains active during the whole argumentation. It can-not be dismissed due to over
ow in the set of activebeliefs. The set of active beliefs is ordered by recency,i.e., beliefs that have been used �rst are the �rst to beforgotten in case of over
ow. However, if an active beliefis reused, it becomes more recent and changes place inthe order. This agrees with cognitive models of memory,as for example in [Anderson, 1980].The claim which is being veri�ed and claims of argu-ments that have been counterargued cannot be used innew arguments.The size of the set of active beliefs, one of the limitedresources, is given by the number of atoms occurring inits formulas. Part of the history of the process is keptin the form of arguments advanced, so that there is norepetition. This set can also be limited in size like theset of active beliefs, but in the example we will ignorethis fact.We will use the following logic for the example:1. atoms a; b; c; :::; p standing for \albert comes to theparty", \betty comes to the party", \charles comesto the party", ..., \patrick comes to the party".2. formulas x ! y standing for \If x comes to theparty, then y comes to the party" ; x! :y standingfor \If x comes to the party, then y does not cometo the party", etc.3. inference rules modus ponens (x; x ! y ) y) andinversion (x ! y ) :y ! :x).Depending on who likes whom and who dislikes whom,we know who is (or is not) going to come to the party



given who is (or is not) coming. Moreover, we know ofsome people that are coming (albert, ferry, harold, kate,and oswald). Our initial set of explicit beliefs is:E = fa; a ! b; b ! c; c ! d; d ! g; f; f ! e; e !:c;:c ! :p; h; h ! i; i ! j; j ! :e; k; k ! l; l !m;m! n; n! :i; o; o! p; p! :l;:l ! :bg.We assume that the maximum size of the set of activebeliefs is 20. We want to know whether ivan is comingto the party:� step 1: con tries to refute i, presenting an argumentfor :i. The formulas in the argument are retrievedfrom the set of explicit beliefs and stored as activebeliefs. Inference is applied four times in order toget to the claim :i from the argument.{ con presents argument fk; k ! l; l ! m;m !n; n! :ig for :i.{ 9 basic operations: retrieval fk; k ! l; l !m;m! n; n! :ig; inference fl;m; n;:ig{ A = fi; k; k ! l; l; l ! m;m;m ! n; n; n !:i;:ig; jAj=14{ History: ffk; k ! l; l ! m;m! n; n! :igg{ current.opinion = con� step 2: pro advances an argument against one of thesubclaims of the previous argument. The previousargument is counterargued, but not yet defeated,since con may counterargue this present argument.The set of active beliefs grows to its maximum size,20. The oldest active belief besides the claim (k)is dismissed to make space for the new activatedbeliefs.{ pro presents counterargument fo; o ! p; p !:lg against l.{ 5 basic operations: retrieval fo; o! p; p! :lg;inference fp;:lg.{ A = fi; k ! l; l; l ! m;m;m ! n; n; n !:i;:i; o; o! p; p; p! :l;:lg; jAj=20{ History: ffk; k ! l; l ! m;m ! n; n !:ig; fo; o! p; p! :lgg{ current.opinion = pro� step 3: con counterargues the previous argument.The oldest elements of the set of active beliefs (ex-cept i) are dismissed to make space for the new be-liefs retrieved.{ con presents counterargument ff; f ! e; e !:c;:c ! :pg against p.{ 7 basic operations: retrieval ff; f ! e; e !:c;:c ! :pg; inference fe;:c;:pg.{ A = fi;:i; o; o ! p; p; p ! :l;:l; f; f !e; e; e! :c;:c;:c ! :p;:pgg; jAj=19{ History: ffk; k ! l; l ! m;m ! n; n !:ig; fo; o ! p; p ! :lg; ff; f ! e; e !:c;:c ! :pgg{ current.opinion = con

� step 4: pro counterargues the previous argument.Again, some elements of the set of active beliefsmust be dismissed.{ pro presents counterargument fa; a ! b; b !cg against :c.{ 5 basic operations: retrieval fa; a ! b; b ! cg;inference fb; cg{ A = fi;:l; f; f ! e; e; e ! :c;:c;:c !:p;:p; a; a! b; b; b! c; cg; jAj=19{ History: ffk; k ! l; l ! m;m ! n; n !:ig; fo; o ! p; p ! :lg; ff; f ! e; e !:c;:c ! :pg; fa; a! b; b! cgg{ current.opinion = pro� step 5: con's arguments were defeated, since he can-not counterargue the previous arguments advancedby pro anymore. con advances a new argumentagainst i. Some of the beliefs used in this argument(f; f ! e; e! :j) are already active so they do notneed to be retrieved. They only change place in theset of active beliefs.{ con presents counterargument ff; f ! e; e !:j;:j ! :ig against i.{ 6 basic operations: retrieval fj ! :e; i ! jg;inferences fe! :j;:j;:j ! :i;:ig{ A = fi; b; b ! c; c; f; f ! e; e; j ! :e; e !:j;:j; i ! j;:j ! :i;:ig; jAj=19{ History: ffk; k ! l; l ! m;m ! n; n !:ig; fo; o ! p; p ! :lg; ff; f ! e; e !:c;:c ! :pg; fa; a ! b; b ! cg; ff; f !e; e! :j;:j ! :igg{ current.opinion = con� step 6: pro cannot counterargue the previous ar-gument, but presents instead a new argument fori. Since con does not have any other counterargu-ments or arguments for :i, pro wins the disputa-tion.{ pro presents argument fh; h! ig for i.{ 3 basic operations: retrieval fh; h ! ig; infer-ence fig.{ A = fi; c; f; f ! e; e; j ! :e; e ! :j;:j; i !j;:j ! :i;:i; h; h! ig; jAj=19{ History: ffk; k ! l; l ! m;m ! n; n !:ig; fo; o ! p; p ! :lg; ff; f ! e; e !:c;:c ! :pg; fa; a ! b; b ! cg; ff; f !e; e! :j;:j ! :ig; fh; h! igg{ current.opinion = pro6 ConclusionsWe have presented some ideas on how to use argumen-tation theory in order to decide which beliefs should befully accepted. These ideas enrich the framework pre-sented in [Wassermann, 1999b].Although the protocol de�ned and the example arequite simple, they illustrate the internal process of
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