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Abstract systems have been built around content and resources avail-

able online (e.g., (Armstrongt al. 1995; Mladenic 1996;
Recommender systems have evolved in the last years as |jeberman 1995; Pazzani, Muramatsu, & Billsus 1996;

specialized tools to assist users in a plethora of computer- Doorenbos, Etzioni, & Weld 1997))
mediated tasks by providing guidelines or hints. Most rec- ' ' '

ommender systems are aimed at facilitating access to rele- . o

vant items, a situation particularly common when performing Although the effectiveness of existing recommender sys-
web-based tasks. At the same time, defeasible argumentation ~ tems is remarkable, they still have serious limitations as
has evolved as a successful approach in Al to model com-  they are unable to perform qualitative inference on the rec-
monsense qualitative reasoning, with applications in many ommendations they offer and are incapable of dealing with
areas, such as agent theory, knowledge engineering and legal  the defeasible nature of users’ preferences. In this con-
reasoning. This paper presents a first approach towards the  text, defeasible argumentation frameworks (Glessr, Ma-
m_ngranon Of";’ett."b‘?se‘j reconkaehndfer S?’Sterln_s ";"th ahdefea- guitman, & Loui 2000; Prakken & Vreeswijk 2002) have
sible argumentation framework. The final goal is to enhance ; :

practicagl reasoning capabilities of current ?ecommender sys- evolved to become a sound setting to formalize common-
tem technology by incorporating argument-based qualitative sense qualltatlv_e reasoning. Recent Fesea“’h has shown
inference. that argumentation can be integrated in a growing num-
ber of real-world applications such as multiagent sys-
tems (Parsons, Sierrra, & Jennings 1998; Amgoud, Maudet,
& Parsons 2002; Parsons & McBurney ), legal reason-
ing (Prakken & Sartor 2002), knowledge engineering (Car-

. . bogim, Robertson, & Lee 2000), analysis of news re-
Introduction and motivations ports (Hunter 2001) clustering (Gomez & Chesar 2004),

Recommender Systems (a]so known %geste[)s have argumentation Suppor’[ SyStemS (Verheij 2003), mediation
evolved in the last years as specialized tools to assist users inSystems and computer-supported collaborative argumenta-
a plethora of computer-mediated tasks by providing guide- tion (Maudet & Moore 1999; Reed & Walton 2001; Gordon
lines or hints (Resnick & Varian 1997; Konstan 2004). & Karacapilidis 1997; Louet al. 1997).

Most recommender systems are aimed at helping users to

deal with the problem of information overload by facili- This paper presents a first approach to integrate recom-
tating access to relevant items (Maes 1994). A common mender system technologies with a defeasible argumenta-
technique adopted by many suggester systems is collabora-tion framework. The basic idea is to model the preference
tive filtering, which infers preferences of individual users criteria associated with the active user and a pool of users
based on the behavior of multiple users (e.g., (Goldberg by means of facts, strict rules and defeasible rules. These
et al. 1992)). Collaborative filtering is based on the as- preference criteria are combined with additional background
sumption that human preferences are correlated. Other rec-information and used by an argumentation framework to pri-
ommender systems are content-based, which are driven by oritize potential recommendations, thus enhancing the final
the premise that user’s preferences tend to persist throughresults provided to the active user. The rest of the paper
time. Therefore, content-based recommender systems buildis structured as follows. Section briefly outlines the fun-
on similarities between potential recommendations and the damentals of DeLP, a defeasible argumentation formalism
objects that the user liked in the past. A combination based on logic programming. Section presents a generic
of collaborative-filtering and content-based recommenda- characterization of recommender systems. Section dis-
tion gives rise to hybrid recommender systems (e.g., (Bal- cusses our proposal for characterizing argument-based rec-
abanovic, Shoham, & Yun 1995; Balabanbw Shoham ommender systems. Section presents a case study which
1997; Billsus & Pazzani 1999; Claypoet al. 1999)). Given illustrates how the proposed approach works. Finally, Sec-
the huge amount of information existing on the Web, it is tion discusses related work and presents the main conclu-
not surprising that the great majority of the recommender sions that have been obtained.

KEYwORDS Recommender systems, Defeasible Argumen-
tation, Decision support systems, Practical reasoning



Modelling Argumentation in DeLP

Definition 2 (Counterargument — Defeat) An argument

Several defeasible argumentation frameworks have been de-(-41, ¢1) is a counterargumerfor an argument(As, g2) if

veloped on the basis of extensions to logic programming
(see (Chesevar, Maguitman, & Loui 2000; Prakken &
Vreeswijk 2002; Kakas & Toni 1999)).Defeasible logic
programmingDeLP) (Gar¢a & Simari 2004) is one of such
formalisms, combining results from defeasible argumenta-
tion theory and logic programming. DeLP is a suitable
framework for building real-world applications that deal
with incomplete and contradictory information in dynamic
domains. In what follows we will present a brief overview
of the DeLP framework. A more in-depth treatment can be
found elsewhere (Gaia & Simari 2004).

A defeasible logic program is a s@fl, A) of Horn-like
clauses, wherH andA stand for sets ditrict anddefeasible
knowledge, resp. The sEtinvolvesstrict rulesof the form
p «— qi,-..,q andfacts(strict rules with empty body),
and it is assumed to beon-contradictory The setA in-
volvesdefeasible rulesf the formp — ¢y, ..., g;.The un-
derlying logical language is that of extended logic program-
ming (Gelfond & Lifschitz 1990), enriched with a special
symbol “— " to denote defeasible rules. Both default and
classical negation are allowed (denoted and~, resp.)!
DeLP rules are to be thought of asference rulesrather
than implications in the object language. Deriving literals in
DeLP results in the construction afguments Formally:

Definition 1 (Argument) Given a DeLP progran®, anar-
gument.A for a queryq, denoted(A4, ¢), is a subset of
ground instances of defeasible rulesfrsuch that:

1. there exists alefeasible derivatiofor ¢ fromII U A,

2. ITU A is non-contradictory (i.e[TU.A does not entail two
complementary literalp and ~ p, nor doesA contain
literals s andnot s, for anyp, s in P), and

3. Ais the minimal set (with respect to set inclusion) satis-
fying (1) and (2).

An argument A;,q;) is asub-argumenbf another argu-

ment(As, ¢2) if A4 C As. Given a DeLP progran®,

Args(P) denotes the set of all possible arguments that can

be derived fronP.

The notion of defeasible derivation corresponds to the
usual query-driven SLD derivation used in logic program-
ming, performed by backward chaining on both strict and
defeasible rules; in this context a negated literalp is
treated just as a new predicate namep. Minimality im-
poses the ‘Occam’s razor principle’ (Simari & Loui 1992)
on arguments.any supersdt of A can be proven to be
‘weaker’ thanA itself, as the former relies on more defea-
sible information. The non-contradiction requirement for-
bids the use of (ground instances of) defeasible rules in an
argument4 wheneverll U A entails twocomplementary
literals. It should be noted that non-contradiction captures
the two usual approaches to negation in logic programming
(viz. default negation and classic negation), both of which
are present in DeLP and related to the notion of counterar-
gument, as shown next.

The definitions that follow summarize DeLP with default
negation (see discussion in (GeEr& Simari 2004, pages 30-33)).

and only if

1. There is an subargumef, ¢) of (A, ¢2) such that the
setll U {q1, ¢} is contradictory, or

2. An extended literahot ¢, is present in some rule ;.

A preference criterion< C Args(P) x Args(P) will be
used to decide among conflicting arguments. An argu-
ment(A4;,q) is a defeaterfor an argument(As, g2) if
(A1,q1) counterargues.As, g2), and(A;,q1) is preferred
over(A,, g2) with respectte<. For cases (1) and (2) above,
we distinguish betwegiroperandblocking defeateras fol-
lows:

e In case (1), the argumeritd,, ¢, ) will be called aproper
defeateffor (A,, go) if and only if(A;, q;) is strictly pre-
ferred over(A, ¢) with respect to<.

e In case (1), if(Ay,q1) and (A4, q) are unrelated to each
other with respect tox, or in case (2),{(A1, ¢1) will be
called ablocking defeatefor (As, go).

Specificity (Simari & Loui 1992) is used in DelLP as a
syntactic preference criterion among conflicting arguments,
favoring those arguments that amore informedor more
direct (Simari & Loui 1992; Stolzenburgt al. 2003). How-
ever, other alternative preference criteria could also be used.

An argumentation linestarting in (Ag,qo) (denoted
Ao.a0) ) s a sequence(Ho, qo), (A1, q1), (Aa,q2), ...,
(An,qn) ...]that can be thought of as an exchange of argu-
ments between two partiespeoponent(evenly-indexed ar-
guments) and anpponen{oddly-indexed arguments). Each
(A;, q;) is a defeater for the previous argumédt;, 1, ¢; 1)
in the sequence, > 0. In order to avoidallaciousreason-
ing, dialectical constraints are imposed on such an argument
exchange to be considered rationally acceptable in light of
a given progran. An argumentation line satisfying such
constraints is said to kecceptableand can be proven to be
finite (see (Gana & Simari 2004) for details).

Given a progran® and an initial argumentAy, qo), the
set of all acceptable argumentation lines starting4g, qo)
accounts for a whole dialectical analysis o4, ¢o) (i.e.,
all possible dialogues rooted iy, qo)), formalized as a
dialectical tre€7 4, ,)- Nodes in a dialectical tre® 4, 4,)
can be marked asndefeatecanddefeatedhodes (U-nodes
and D-nodes, resp.): all leaves My, 4,y Will be marked
U-nodes (as they have no defeaters), and every inner node
is to be marked aB-nodeiff it has at least one U-node as
a child, and a&J-nodeotherwise. An argumentdy, qo) is
ultimately accepted as valid (@rarranteg with respect to a
DeLP progran iff the root of its associated dialectical tree
T 40.q0) IS labeled as)-node

Solving a queryy with respect to a given prograf ac-
counts for determining whether is supported by a war-
ranted argument. Different doxastic attitudes are distin-

2The first notion of attack is borrowed from the Simari-Loui
framework (Simari & Loui 1992); the second one is related
to Dung’s argumentative approach to logic programming (Dung
1993) as well as to other formalizations, such as (Prakken & Sartor
1997; Kowalski & Toni 1996).
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Recommender Systems: fundamentals rated items
Feedback
Recommender systems are programs that create a model of

the user’s preferences or user’s task with the purpose of fa- Monioring

cilitating access to items (e.g. news, web pages, books,
etc.) that the user may find useful (Resnick & Varian 1997;  Figure 1: A generic framework for an Hybrid Recommender
Konstan 2004). While in many situations the user ex- gystem

plicitly posts a request for recommendations in the form

of a query, many recommender systems attempt to antic-

ipate the user's needs and are capable of proactively pro- the yser behavior or by analyzing his/her declared interest
viding assistance (Rhodes & Maes 2000; Rhodes 2000; o feedback. The generated user model is usually combined
Budzik & Hammond 2000). In order to come up with rec- ith the user information needs and a request for recom-
ommendations for user queries, conventional recommender mendations is presented to a search engine. In addition, the
systems rely orsimilarity measuredetween Users or con-  gystem maintains a pool of profiles from other users, making

tents, computed on the basis of methods coming either from yossible the application of collaborative filtering to further
the information retrieval or the machine learning commu- (efine the selected set of recommendations.

nities. Recommender systems adopt mainly two different  ajthough hybrid recommender systems are substantially
views to help predict information needs. The first approach qre effective than the basic content-based and collabora-
is known asuser modelingand relies on the use of a pro- e filtering approaches, existing systems are still limited.
file or model of the users, which is created by observ- g, the one hand, existing recommender systems are inca-
ing users’ behavior (e.g., (Linton, Joy, & Schaefer 1999, a6 of dealing formally with the defeasible nature of users’
Deshpande & Karypis 2004)). The second approachis based yeferences in complex environments. Decisions about user
on task modelingand recommendations are based on the eferences are mostly based on heuristics which rely on
context in which the user is immersed (e.g. (Budzik, Ham- 3 ing previous user choices or gathering information from
mond, & Birbaum 2001; Leaket al. 2000)). The context  her ysers with similar interests. On the other hand, the

may consist of an electronic document the user is editing, quantitative approaches adopted by most existing recom-

web pages the user has recently visited, etc. mender systems do not have a clean underlying model. This
Two main techniques have been used to compute rec- mages it hard to provide users with a clear explanation of the
ommendations: content-basedand collaborative filter- factors and procedures that led the system to come up with

ing. Content-based recommenders frequently use machine- certain recommendations. As a result, serious trustworthi-
Iear.nlng techniques to mduc_e a profl!e of the active USer. negs issues may arise, especially in those cases when busi-
Typically, a model of the active user is stored as a list of negs interests are involved, or when external manipulation is
rated items. In order to determine if a new item is a poten- possible.

tially good recommendation, content-based recommender = \ve contend that defeasible argumentation can be in-

systems rely osimilarity measurebetween the new ittms  yeqrated into existing recommender system technologies,
and the rated items stored as part of the user model. On the paving the way to solve the above problems. We will an-
other hand, recommender systems based on collaborative fil- alyze our proposal in the next section.

tering maintain a pool of users’ profiles. For a given active
user, collaborative recommender systems find other similar
users whose ratings strongly correlate with the current user. Argument-Based Recommender Systems

New items not rated by the active user can be presented asA fundamental problem addressed by recommender systems

suggestions if similar users have rated them highly. is determining which items anelevantto a user informa-
Some systems combine content-based recommendationtion needs (i.e., which items are worthwhile, given the user’s
and collaborative filtering giving rise tdybrid recom- preferences and user’s task.) Recommendation results can

mender system®.g., (Balabanovic, Shoham, & Yun 1995; be displayed to the user in different formats (e.g. using
Balabanow & Shoham 1997; Billsus & Pazzani 1999; charts, colors, or some more specialized notation). In most
Claypoolet al. 1999)). Fig. 1 illustrates the main com- cases, independently of the format used, the results shown
ponents of this approach. A hybrid recommender system are sorted according to some preference criterion (usually
typically generates a model of the active user by monitoring provided by the user). Thus, for example, when looking for



ALGORITHM Recommendn_Query
INPUT:  Querygq,

DelLP prograrﬂj = puser U ppool U Pdowzain-
OUTPUT: List Ly {recommendation results wR'}
BEGIN

Let L = [s1, s2, . . . sk be the output of solving query
wrt content-based search engiti&
{L is the list of (the firsk) results obtained from
queryg viaSE }
Psearch = {facts encodingn fo(s1), info(s2) ...info(sk)}
{info(S;) stands for features associated with resgit}
P':= Revise (P U Pscarch)-
{Revise stands for a belief revision operator
{to ensure consistency i’ }
Initialize S*, S*, andS? as empty sets.
{S¥, S*, andS* stand for the set of results’s
which are warranted as relevant, undecided and
warranted as non-relevant, respectively
FOREVERY s; € L
DO

Solve queryrel(s;) using DeLP prograr®’

IF rel(s;) is warrantedrTHEN adds; to S™

ELSE

IF ~ rel(s;) is warrantedrHEN adds; to S¢
ELSE adds; to S*

Return Recommendatiaby,c., =

(7,85, ...,871,51,85,...

END

u d d
75]'27517 . ~7Sj3]

Figure 2: High-level algorithm for solving queries in an
argument-based recommender system

a recommendation about books in a web-based bookstore,
recommendations can be sorted in terms of price, availabil-
ity, etc. In the sequel we will assume (without loss of gen-

ground) knowledge (see Figure 3(a)). The above aspects
are to be encoded as a DeLP progr&w Pyser U Ppoot U
Pdomain. S€tSPyser andPpo, represent preferences and
behavior of the active user and the pool of users, respec-
tively. In the case of the active user, his/her profile can be
encoded as facts and rules in DeLP. In the case of the pool
of users, rule induction techniques are in ofdegsulting

in defeasible rules characterizing trends and general prefer-
ence criteria (e.gnormally if a given user likes X then she
also likes Y. The setP,mqin represents the domain (back-
ground) knowledge, encoded using facts and rules in DeLP.

The user’s information needs are presented to a content-
based search engine, which returns a list of search results
[s1,82,...,8k]. In a typical hybrid recommender system,
such results are contrasted against the active user’s profile
and the pool of users’ profiles to obtain personalized rec-
ommendations as a final output. Our proposal is based on
properly encoding the list of search results as DeLP facts.
We can assume that is a unigue name characterizing a
piece of informationin fo(s;), in which a number of as-
sociated features (meta-tags, filename, URL, etc.) can be
identified. We assume that such features can be identified
and extracted frominfo(s;) by some specialized tool, as
suggested by Hunter (Hunter 2001) in his approach to deal-
ing with structured news reports (see discussion in Section ).
Such features will be encoded as aBet,,..,, of new DeLP
facts, extending thus the original progrérinto a new pro-
gramP’. A special operatoiRevise deals with possible
inconsistencies found iR, With respect toP’, ensur-
iNg P U Pgearen iS NOt contradictory.

At this point the obtained search results can be analyzed in
the context ofP’. We will consider a distinguished predicate
namerel for analyzing theelevanceof every recommenda-
tion results;. In this setting, the existence of a warranted

erality) that recommendation results can be represented as aargument A, rel(s;)) built on the basis of DeLP prograi

list [s1, 82, ...s;], assuming that the earlier a result appears
in the list, the earlier it is shown on the screen and the more
relevant for the user it is.

A common problematic situation occurs when hundreds
or thousands of recommendation results are available, so
that a detailed user analysis of the whole search space be-
comes extremely expensive. Experienced users of recom-
mender systems rely many times on the combination of dif-
ferent (mostly implicit) preference criteria to build and eval-
uate alternativéaypothesesor filtering recommendation re-
sults. In this context, meta-information associated with rec-
ommendation results turns out to be particularly helpful.
Thus, as an example, particular features from URL's and
HTML pages (e.g. web domain, year, author, etc.) may help

will allow to conclude thas; is a candidate recommendation
relevant to the user’s information needs. We will classify the
elements in the original list of content-based search results
into three sets, namely:

e S¥ (warranted results): those resuitsfor which there
exists at least one warranted argument suppor#igs; )
based orP’.

e S¥ (undecided results): those resuitsfor which there
is no warranted argument fotwl(s;), neither there is a
warranted argument for rel(s;) on the basis of’, and

e S¢ (defeated results): those resutssuch that there is a
warranted argument supportirgrel(s;) on the basis of
P.

the user discard some recommendation results he/she does

not find useful.

Since users’ preference criteria provide incomplete and
potentially inconsistent knowledge about the search domain
our proposal is to model the users’ preference criteria in
terms of a DeLP program built on top of a content-based
search engine. The resulting framework is agument-
based recommender systemwhich recommendations are
provided on the basis of arguments built upon information
from the active user, the pool of users and domain (back-

Figure 3(a) presents an outline of the proposed approach.
Note that the above classification has a direct correspon-
dence with the doxastic attitudes associated with answers
to DeLP queries. The final output presented to the user will

3An approach for inducing defeasible rules from association
rules can be found in (Governatori & Stranieri 2001).

4E.g contradictory facts may be found on the web; a simple
belief revision criterion is that those facts with newer timestamp
are preferred over older ones.
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Figure 3: (a) A generic framework for an Argument-Based Recommender System; (b) Enhanced search engine as a particular
instance of an Argument-Based Recommender System

be a sorted list.’ in which the elements of are ordered Thailandian newspapers usually offer a biased viewpoint on
according to their epistemic status with respecPto This bird flu outbreaks; (6) Th&Japanese Times'(http://jpt.jp)
process can be characterized in terms of the high-level algo- is a Japanese newspaper which she usually considers non bi-
rithm shown in Figure 2. We must remark that it is always ased; (7) Chin Yao Lin is known to have faked a report. Such
possible to ensure that the computation of warrant cannot rules and facts can be modeled in terms of a DeLP program
lead to contradiction (Gara & Simari 2004): if there exists P shown in Fig. 4. Note that some rules7hrely on “built

a warranted argument4, 4) on the basis of a program, in” predicates computed elsewhere and not provided by the
then there is no warranted argumént ~ h) based orP. user’
. . For the sake of example, suppose that the above query
A Case Study: Solving Web Search Queries returns a list of search resulfs=[s;, sz, s3, s4]. Most of

In this section we will outline an example (adapted from these results will be web pages annotated with a number of
(Chesievar & Maguitman 2004)) of how the proposed ap- HTML or XML references (e.g. author, date, URL, etc.).
proach works in the context of solving web search queries. Such references can be encoded as a collection of DeLP facts
In this context, the recommendation system aims at provid- as shown in Fig. 4(b). Following the algorithm shown in
ing an enriched web search engine which categorizes results, Fig. 2 we can now analyzq, sz, s3 andsy in the context of

as outlined in Fig. 3(b). Thus, the resulting framework can @ new DeLP prograr®’=PUFacts, whereFacts denotes

be seen as a particular instance of an argument-based recihe set corresponding to the collection discussed above and
ommendation system, where the user’s needs correspond to? corresponds to domain knowledge and the user's prefer-
strings to be searched on the web. The content-based engineence theory about the search dorfalfor eachs;, the query

is a conventional search engine (e@0OGLE). Final rec- rel(s;) will be analyzed in light of this new prograf'.
ommendation results for a quegyare prioritized according Consider the case fof;. The search for an argument
to domain background knowledge and the user’s declared for rel(s1) returns (A;,rel(s1)): s1 should be consid-
preferences. It must be remarked that 8RGUENET sys- ered relevant since it corresponds to a newspaper article
tem (CheBevar & Maguitman 2004) is an instance of this written by Chin Yao Lin who is considered a trustworthy
particular argument-based recommender framework. author (note that every journalist is considered to be
Consider a journalist who wants to search for news arti- trustworthy by default.) Here we have A;={ rel(s)
cles about recent outbreaks of bird flu. A quemontaining —author(sy, chin_yaolin),  trust(chinyao.lin) ;

the termsews bird, andflu will return thousands of search  trust(chin_yao_lin) —not faked_-news(chin_yao_lin)
results. Our journalist may have some implicit knowledge to }. Search for defeaters @i, rel(s1)) will result in find-
guide the search, such as: (1) she always considers relevanting a proper defeatetds, ~ rel(s1)): s is not relevant as
the newspaper reports written by Bob Beak; (2) she usually

considers relevant the reports written by trustworthy jour- 5E.g., determining the country of origin corresponding to a spe-

nalists; (3) Reports written by trustworthy journalists which  cific web domain can be found querying Internet directory services
are out of date are usually not relevant; (4) Knowing that such aswHois.

a journalist has not faked reports provides a tentative rea-  ®|n this particular context, note th@ = Paomain U Puser-

son to believe he or she is trustworthy. By default, every "For the sake of clarity, we use semicolons to separate elements
journalist is assumed to be trustworthy. (5) Japanese and in an argumend ={e; ;ea;...;ex }



rel(X) —=  author(X, A),trust(A).
~rel(X) —=  author(X,A),trust(A),
outdated(X).
trust(A) — not faked-news(A).
~rel(X) —— address(X,Url), biased(Url).
biased(Url) —=  thailandian(Url).
biased(Url) —=  japanese(Url).
~ biased(Url) ——=  japanese(Url), domain(Url, D),

D = “jpt.gp”.

rel(X) — author (X, bob_beak).
oudated(X) — date(X, D), getdate(Today),
(Today — D) > 100.
thailandian(X) — [Computed elsewhefe
japanese(X) — [Computed elsewhefe
—

domain(Url, D) [Computed elsewhefe
getdate(T) — [Computed elsewhefe
faked_-news(chin_yao.lin) «—

author(sy, chin_yao_lin).
address(s1, “jpt.jp/...7).
date(s1,20031003).

author(sa, jen_doe).

address(sz, “news.co.uk/...”).
date(s1,20001003).

author(ss, jane_truth).
address(ss, “jpt.jp/...”).
date(s3, 20031003).

author(sa, bob.beak).
address(sa, “mynews.com/...”).
date(s4,20031003).

AP AP BY  BY cy DY
AY AT A By cy
(@) (®) © | @

Figure 5: Dialectical trees associated with (&), rel(s1))
and(As, ~ rel(s1)); (b) (B1,rel(s2)) and(Ba, ~ rel(s2));
(€) (C1,rel(ss3)) and (d)(Dy,rel(s4))

trust(jen_-doe) —not faked_news(jen_doe)}. There are

no more arguments to consider, &, rel(s2)) is deemed

as non warranted (the resulting marked dialectical tree is

shown in Fig. 5b (left)). The analysis of rel(s2) results in

an single argument. Consequently, its associated dialectical

tree has a single nod®,, ~ rel(s2)) and it iswarranted
Following the same line of reasoning used in the case of

s1 we can analyze the casef Anargument{Cy,rel(ss)),

with  Ci={  rel(ss)  —<author(ss, jane_truth),

trust(jane_truth) ; trust(jane_truth) —not faked_

news(jane_truth) } can be built supporting the conclu-

sion rel(s3) (a newspaper article written by Jane Truth

is relevant as she can be assumed to be a trustworthy

Figure 4: (a) DeLP program modeling preferences of a jour- aythor). A defeaterCa, ~ rel(s3)) will be found: s;

nalist; (b) Facts encoded from original web search results

is not relevant as it comes from a Japanese newspaper,
which by default is assumed to be biased about bird flu.
Here we hav&y={ ~ rel(s3) —<address(ss,“jpt.jp...”),

it comes from a Japanese newspaper, which is by default as-biased (“jpt.jp..”) ; biased(“jpt.jp...”) — japanese

sumed to be biased about bird flu. In this case we béz{
~ rel(s1)—=address(s1,“jpt.jp...”), biased (“jpt.jp...”)
i biased(“jpt.jp...”) —=< japanese (“jpt.jp...”) }. Note
that we also have an argumemts, ~ biased(“jpt.jp...”))
which defeats(Ay, ~ rel(sy)), reinstating(A;, rel(s1)):

(“jpt.gp...”) }. But this defeater in its turn is defeated by

a third argumentCs, biased(ss)), as usually articles from

the “Japanese Times” are not biased. In this case we have
Cs={ ~ ‘biased(“jpt.jp...”) — japanese(“jpt.jp...”),
domain(“jpt.jp...”, “jpt.gp”), (“jpt.jp” = “jpt.jp”) }.

Usually articles from the “Japanese Times” are not biased. The resulting dialectical tree folC1, rel(s3)) is shown in

In this case we haved;={ ~
— japanese(“jpt.jp...”),

biased(“jpt.jp...”)
domain(“jpt.jp...”,

“pt.gp”), (“jptgp’ = “jpt.jp”) }. Finally, an-
other defeater for(A;,rel(s1)) is found, namely
(Ay, faked_news(chin_yaolin)), with 44 = 0. No

other arguments need to be considered.
dialectical tree rooted if.A;,7el(s1)) as well as its cor-
responding marking is shown in Figure 5a (left). The root
node is aD-node (defeated), and hentd;, rel(sy)) is not
warranted. Carrying out a similar analysis fer rel(s;)
results in the dialectical tree shown in Figure 5a (right).
The root nodd As, ~ rel(sy)) is marked agD-node. There
are no other candidate arguments to consider; hends
deemed agndecided

The case 0§, is analogous. The argumefit;, rel(ss2))
can be built, withB,={ rel(s2) —<author(ss, jen_doe),
trust(jen_doe) ;  trust(jen_doe) —not faked.
news (jen_doe) }. This argument is defeated by a
proper defeater(Bs, ~ rel(s2)), with Ba={~ rel(s2)
— author(sz, jen_doe), trust(jen_doe), outdated(ss) ;

Fig. 5c (left)). The original argumen;, rel(s3)) can be
thus deemed agarranted

Finally let us consider the case ef. There is an argu-
ment(Dy, rel(s4)) with Dy = 0, asrel(s4) follows directly
from the strict knowledge i?. Clearly, there is no defeater

The resulting for an empty argument, and thereford (s,) is warranted

The associated dialectical tree is shown in Fig. 5d.

Applying the criterion given in the algorithm shown in
Fig. 2, the initial list of search resultssy, ss, s3, $4]
will be shown as {3, s4, s1, s2] (@s (Cy,rel(s3)) and
(D1, rel(sq)) are warranted,A;, rel(ss)) is undecided and
(Bg,~ rel(s2)) is warranted (i.e.s, is warranted to be a
non-relevant result).

Related work. Conclusions

In this paper we have outlined a computational framework
that provides a novel way of enhancing recommendation
technologies through the use of qualitative analysis using ar-
gumentation.We have shown how DeLP provides a suitable
tool for carrying on such analysis. It must be remarked that



an abstract machine for an efficientimplementation of DeLP

has been developed, based on an extension of the WAM
(Warren’s Abstract Machine) for Prolog. Features concern-
ing an efficient implementation of DeLP and a comparison

to other logic programming formalisms have been recently
studied (Stolzenburgt al. 2003; CheBevaret al. 2003).

The proposed framework operates on top of a conven-
tional search engine, providing a powerful abstraction for
solving queries on the basis of the users’ information. Many
personalized Web recommender systems that operate on top
of Internet services have been proposed over the past years
(e.g., (Armstronget al. 1995; Mladenic 1996; Lieberman
1995; Pazzani, Muramatsu, & Billsus 1996)). Existing Web
recommender tools take into account the user’s interests to
rank or filter web pages, but differ from our proposal in that
they do not attempt to perform a qualitative analysis to war-
rant recommendations. There are currently many ambitious
projects to facilitate automatic qualitative reasoning by rely-
ing on the realization of the Semantic Web vision (Berners-
Lee 1998; Berners-Lee, Hendler, & Lassila 2001). Although
the concretization of such a vision is still underway, the use
of defeasible argumentation for qualitative analysis can also
be naturally integrated into such approaches.

One important issue in our proposal is the need to extract
relevant features from Web search results, encoding them
as part of a DeLP program. Although HTML tags associ-
ated to Web documents are not intended to convey a for-
mal semantics, these tags can be usefully exploited to ex-
tract meaningful content (Doorenbos, Etzioni, & Weld 1997;
Ashish & Knoblock 1997; Kushmerick, Weld, & Dooren-
bos 1997). On the other hand, the emergence of XML as
a standard for data representation on the Web contributes
to further simplify the above problem. In this context,
the approach proposed by Hunter (Hunter 2001; 2002a;
2002b) to represent semi-structured text through logical for-
mulas is particularly relevant for enhancing the capabilities
of the framework outlined in this paper. We think that in
future developments this process could be complemented
by additional techniques, such as defeasible rule discov-
ery (Governatori & Stranieri 2001) and specialized argu-
ment assistance tools (Verheij 2003).

We contend that the evolution of recommender systems
will lead to more efficient search environments, where both
guantitative and qualitative analysis will play important
roles. In this context, defeasible argumentation is a powerful
tool that can help fulfill this long-term goal.

Acknowledgments

This research was patrtially supported by Projects CICYT
TIC2001-1577-C03-03, TIC2003-00950 and Ramy Cajal
Program funded by the Ministerio de Ciencia y Tecnéog
(Spain). The authors would like to thank anonymous review-
ers for providing helpful comments to improve the final ver-
sion of this paper.

References

Amgoud, L.; Maudet, N.; and Parsons, S. 2002. An
argumentation-based semantics for agent communication

languages. IProc. of the 15th. European Conference in
Artificial (ECAI), Lyon, France

Armstrong, R.; Freitag, D.; Joachims, T.; and Mitchell, T.
1995. Webwatcher: A learning apprentice for the world
wide web. INAAAI Spring Symp. on Information Gather-

ing, 6-12.

Ashish, N., and Knoblock, C. A. 1997. Semi-automatic
wrapper generation for internet information sources. In
Conference on Cooperative Information Systeh6§—169.

Balabanowt, M., and Shoham, Y. 1997. Fab: content-
based, collaborative recommendati@ommunications of
the ACM40(3):66-72.

Balabanovic, M.; Shoham, Y.; and Yun, Y. 1995. An adap-
tive agent for automated web browsindpurnal of Visual
Communication and Image Representafiga).

Berners-Lee, T.; Hendler, J.; and Lassila, O. 2001. The
semantic webScientific American

Berners-Lee, T. 1998. Semantic web road map. Technical
report, W3C Design Issues.

Billsus, D., and Pazzani, M. J. 1999. A hybrid user model
for news classification. Im Kay J. (ed.), UM99 User Mod-
eling - Proceedings of the Seventh International Confer-
ence 99-108. Springer-Verlag.

Budzik, J., and Hammond, K. J. 2000. User interactions
with everyday applications as context for just-in-time in-
formation access. IRroceedings of the 2000 International
Conference on Intelligent User Interfacedlew Orleans,
Louisiana: ACM Press.

Budzik, J.; Hammond, K. J.; and Birnbaum, L. 2001. Infor-
mation access in contexXnowledge based systerté(1—
2):37-53.

Carbogim, D.; Robertson, D.; and Lee, J. 2000. Argument-
based applications to knowledge engineerige Knowl-
edge Engineering Revieib(2):119-149.

Chegievar, C., and Maguitman, A. 200ARGUENET: An
Argument-Based Recommender System for Solving Web
Search Queries. IRroc. of Intl. IEEE Conference on In-
telligent Systems (1S-2004). Varna, Bulgaria. (to appear)

Chedievar, C. |.; Dix, J.; Stolzenburg, F.; and Simari, G. R.
2003. Relating Defeasible and Normal Logic Programming
through Transformation Propertiesheoretical Computer
Science290(1):499-529.

Chegievar, C.; Maguitman, A.; and Loui, R. 2000. Logical
Models of ArgumentACM Computing Surveyd2(4):337—
383.

Claypool, M.; Gokhale, A.; Miranda, T.; Murnikov, P
Netes, D.; and Sartin, M. 1999. Combining content-based
and collaborative filters in an online newspaperlnrrro-
ceedings of ACM SIGIR Workshop on Recommender Sys-
tems

Deshpande, M., and Karypis, G. 2004. Item-based top-
n recommendation algorithms.ACM Trans. Inf. Syst.
22(1):143-177.

Doorenbos, R. B.; Etzioni, O.; and Weld, D. 1997. A scal-
able comparison-shopping agent for the world-wide web.



In Johnson, W. L., and Hayes-Roth, B., ed&gcs. of the
First Intl. Conf. on Autonomous Agents (Agents;939—
48. Marina del Rey, CA, USA: ACM Press.

Dung, P. M. 1993. On the Acceptability of Argu-
ments and its Fundamental Role in Nomonotonic Reason-
ing and Logic Programming. IRroc. of the 13th. Interna-
tional Joint Conference in Atrtificial Intelligence (IJCAI),
Chamlgry, Francig 321-357.

Garda, A., and Simari, G. 2004. Defeasible Logic Pro-
gramming: An Argumentative Approach.Theory and
Practice of Logic Programming(1):95-138. Preliminary
version available frones.uns.edu.ar/ ~grs .

Gelfond, M., and Lifschitz, V. 1990. Logic programs with
classical negation. IRroceedings of the 7th International
Conference on Logic Programming. Jerusalem

Goldberg, D.; Nichols, D.; Oki, B. M.; and Terry, D.
1992. Using collaborative filtering to weave an informa-
tion tapestryCommunications of the ACBB(12):61-70.

Gomez, S., and Chievar, C. 2004. A Hybrid Approach to
Pattern Classification Using Neural Networks and Defeasi-
ble Argumentation. IrProcs. of the Intl. FLAIRS Confer-
ence (to appear), Florida, USAAAAL

Gordon, T., and Karacapilidis, N. 1997. The Zeno Ar-
gumentation framework. IRroc. of the Int. Conf. on Ar-
tificial Intelligence and Law (ICAIL-97), Melbourne, Aus-
tralia, 10-18.

Governatori, G., and Stranieri, A. 2001. Towards the ap-
plication of association rules for defeasible rules discovery.
In et. al, B. V., ed.Legal Knowledge and Information Sys-
tems 63-75. Amsterdam: JURIX.

Hunter, A. 2001. Hybrid argumentation systems for
structured news reportsknowledge Engineering Review

(16):295-329.

Hunter, A. 2002a. Logical fusion rules for merging struc-
tured news reports. Data and Knowledge Engineering

42:23-56.

Hunter, A. 2002b. Merging structured text using temporal
knowledge.Data and Knowledge Engineerirf:29—-66.

Kakas, A. C., and Toni, F. 1999. Computing argumentation
in logic programming.Journal of Logic and Computation
9(4):515-562.

Konstan, J. A. 2004. Introduction to recommender sys-
tems: Algorithms and evaluationACM Trans. Inf. Syst.
22(1):1-4.

Kowalski, R., and Toni, F. 1996. Abstract Argumentation.
Artificial Intelligence and Law4(3-4):275-296.

Kushmerick, N.; Weld, D. S.; and Doorenbos, R. B. 1997.
Wrapper induction for information extraction. IWCAI'97,
729-737.

Leake, D. B.; Bauer, T.; Maguitman, A.; and Wilson, D. C.
2000. Capture, storage and reuse of lessons about informa-
tion resources: Supporting task-based information search.
In Proceedings of the AAAI-00 Workshop on Intelligent
Lessons Learned Systems. Austin, Te88s-37. AAAI
Press.

Lieberman, H. 1995. Letizia: An agent that assists web
browsing. InNIJCAI'95, 924-929. Morgan Kaufmann.

Linton, F.; Joy, D.; and Schaefer, H.-P. 1999. Building
user and expert models by long-term observation of appli-
cation usage. IfProceedings of the seventh international
conference on User modelin29-138. Springer-Verlag
New York, Inc.

Loui, R.; Norman, P.; Altepeter, J.; Pinkard, D.; Craven,
D.; Lindsay, J.; and Foltz, M. 1997. Progress on Room 5:
Atestbed for public interactive semi-formal legal argumen-
tation. InProc. of the Int. Conf. on Atrtificial Intelligence
and Law (ICAIL-97), Melbourne, Australi207-214.

Maes, P. 1994. Agents that reduce work and information
overload.Communications of the ACBI7(7):30—40.

Maudet, N., and Moore, D. J. 1999. Dialogue games for
computer supported collaborative argumentation Pilo-
ceedings of the 1st Workshop on Computer supported col-
laborative argumentation (CSCAQ9)

Mladenic, D. 1996. Personal webwatcher: Design and
implementation.  Technical report ijs-dp-7472, School
of Computer Science, Carnegie-Mellon University, Pitts-
burgh, USA.

Parsons, S., and McBurney, P. Argumentation-based Dia-
logues for Agent CoordinatiorGroup Decision and Nego-
tiation (to appear)

Parsons, S.; Sierrra, C.; and Jennings, N. 1998. Agents
that Reason and Negotiate by Arguindournal of Logic
and Computatior8:261-292.

Pazzani, M. J.; Muramatsu, J.; and Billsus, D.
Syskill & webert: Identifying interesting web sites.
AAAI/IAAI'96, 54-61.

Prakken, H., and Sartor, G. 1997. Argument-based ex-
tended logic programming with defeasible prioritideur-
nal of Applied Non-classical Logic&25-75.

Prakken, H., and Sartor, G. 2002. The role of logic in com-
putational models of legal argument - a critical survey. In
Kakas, A., and Sadri, F., ed€pmputational Logic: Logic
Programming and Beyon&pringer. 342-380.

Prakken, H., and Vreeswijk, G. 2002. Logical Sys-
tems for Defeasible Argumentation. In Gabbay, D., and
F.Guenther., edsHandbook of Phil. LogicKluwer. 219—
318.

Reed, C., and Walton, D. 2001. Applications of argumen-
tation schemes. I€onference of the Ontario Society for
the Study of Argument (OSSA2001), Windsor, Canada

Resnick, P., and Varian, H. R. 1997. Recommender sys-
tems.CACM40(3):56-58.

Rhodes, B., and Maes, P. 2000. Just-in-time information
retrieval agentsIBM Systems Journal special issue on the
MIT Media Laboratory39(3-4):685-704.

Rhodes, B. J. 2000Just-In-Time Information Retrieval
Ph.D. Dissertation, MIT Media Lab.

Simari, G., and Loui, R. 1992. A Mathematical Treatment
of Defeasible Reasoning and its Implementatiartificial
Intelligence53:125-157.

1996.
In



Stolzenburg, F.; Gafta, A.; Chegievar, C.; and Simari, G.
2003. Computing Generalized Specificifypurnal of Non-
Classical Logicsl3(1):87-113.

Verheij, B. 2003. Artificial argument assistants for defeasi-

ble argumentationArtificial Intelligence Journall50:291—
324.



