Letizia: An Agent That Assists Web BrowsingHenry LiebermanMedia LaboratoryMassachusetts Institute of TechnologyCambridge, MA, USAlieber@media.mit.edu

Critical to Letizia’s design is its control structure, inwhich the user can manually browse documents andconduct searches, without interruption from Letizia.Letizia’s role during user interaction is merely to observeand make inferences from observation of the user’s actionsthat will be relevant to future requests.In parallel with the user’s browsing, Letizia conducts aresource-limited search to anticipate the possible futureneeds of the user. At any time, the user may request a set ofrecommendations from Letizia based on the current state ofthe user’s browsing and Letizia’s search. Suchrecommendations are dynamically recomputed whenanything changes or at the user’s request.Letizia is in the tradition of behavior-based interfaceagents [Maes 94], [Lashkari, Metral, and Maes 94]. Ratherthan rely on a preprogrammed knowledge representationstructure to make decisions, the knowledge about thedomain is incrementally acquired as a result of inferencesfrom the user’s concrete actions.Letizia adopts a strategy that is midway between theconventional perspectives of information retrieval andinformation filtering [Sheth and Maes 93]. Informationretrieval suggests the image of a user actively querying abase of [mostly irrelevant] knowledge in the hopes ofextracting a small amount of relevant material. Informationfiltering paints the user as the passive target of a stream of[mostly relevant] material, where the task is to remove orde-emphasize less relevant material. Letizia can interleaveboth retrieval and filtering behavior initiated either by theuser or by the agent.3 Modeling the user’s browsing processThe user’s browsing process is typically to examine thecurrent HTML document in the Web browser, decidewhich, if any, links to follow, or to return to a documentpreviously encountered in the history, or to return to adocument explicitly recorded in a hot list, or to add thecurrent document to the hot list.The goal of the Letizia agent is to automaticallyperform some of the exploration that the user would havedone while the user is browsing these or other documents,and to evaluate the results from what it can determine to bethe user’s perspective. Upon request, Letizia providesrecommendations for further action on the user’s part,usually in the form of following links to other documents.Letizia’s leverage comes from overlapping search andevaluation with the "idle time" during which the user isreading a document. Since the user is almost always abetter judge of the relevance of a document than thesystem, it is usually not worth making the user wait for theresult of an automated retrieval if that would interrupt thebrowsing process. The best use of Letizia’srecommendations is when the user is unsure of what to donext. Letizia never takes control of the user interface, butjust provides suggestions.Because Letizia can assume to be operating in asituation where the user has invited its assistance, itssimulation of the user’s intent need not be extremelyaccurate for it to be useful. Its guesses only need be betterthan no guess at all, and so even weak heuristics can beemployed.4 Inferences from the user’s browsingbehaviorObservation of the user’s browsing behavior can tellthe system much about the user’s interests. Each of theseheuristics is weak by itself, but each can contribute to ajudgment about the document’s interest.One of the strongest behaviors is for the user to save areference to a document, explicitly indicating interest.Following a link can indicate one of several things. First,the decision to follow a link can indicate interest in thetopic of the link. However, because the user does not knowwhat is referenced by the link at the time the decision tofollow it has been made, that indication of interest istentative, at best. If the user returns immediately withouthaving either saved the target document, or followedfurther links, an indication of disinterest can be assumed.Letizia saves the user considerable time that would bewasted exploring those "dead-end" links.Following a link is, however, a good indicator ofinterest in the document containing the link. Pages thatcontain lots of links that the user finds worth following areinteresting. Repeatedly returning to a document alsoconnotes interest, as would spending a lot of time browsingit [relative to its length], if we tracked dwell time.Since there is a tendency to browse links in a top-to-bottom, left-to-right manner, a link that has been "passedover" can be assumed to be less interesting. A link ispassed over if it remains unchosen while the user choosesother links that appear later in the document. Later choiceof that link can reverse the indication.Letizia does not have natural language understandingcapability, so its content model of a document is simply asa list of keywords. Partial natural language capabilities thatcan extract some grammatical and semantic informationquickly, even though they do not perform full naturallanguage understanding [Lehnert 93] could greatly improveits accuracy.Letizia uses an extensible object-oriented architectureto facilitate the incorporation of new heuristics todetermine interest in a document, dependent on the user’sactions, history, and the current interactive context as wellas the content of the document.

User browses many pages having to do with "Agents".System infers interest in the topic "Agent".

Later, the user independently browses a personal Webpage, with a publications list. Letizia recommends articleshaving to do with "Agents".

5 An exampleIn the example, the user starts out by browsing homepages for various general topics such as ArtificialIntelligence. Our user is particularly interested in topicsinvolving Agents, so he or she zeros in on pages that treatthat topic, such as the general Agent Info page, above.Many pages will have the word Agent in the name, the usermay search for the word Agent in a search page, etc. and sothe system can infer an interest in the topic of Agents fromthe browsing behavior.At a later time, the user is browsing personal homepages, perhaps reached through an entirely different route.A personal home page for an author may contain a list ofthat author’s publications. As the user is browsing throughsome of the publications, Letizia can concurrently bescanning the list of publications to find which ones mayhave relevance to a topic for which interest was previouslyinferred, in this case the topic Agents. Those papers in thepublication list dealing with agents are suggested byLetizia.Letizia can also explain why it has chosen thatdocument. In many instances, this represents not the onlyreason for having chosen it, but it selects one of thestronger reasons to establish plausibility. In this case, itnoticed a keyword from a previous exploration, and in theother case, a comparison was made to a document that alsoappeared in the list returned by the bibliography search.6 Persistence of interestOne of the most compelling reasons to adopt a Letizia-like agent is the phenomenon of persistence of interest.When the user indicates interest by following a link orperforming a search on a keyword, their interest in thattopic rarely ends with the returning of results for thatparticular search.Though the user typically continues to be interested inthe topic, he or she often cannot take the time to restateinterest at every opportunity, when another link or searchopportunity arises with the same or related subject. Thusthe agent serves the role of remembering and looking outfor interests that were expressed with past actions.

just because they may be more socially oriented in general.An agent such as Letizia picks up such preferences,through references to links labeled as "People", or throughnoticing particular names that may appear again and againin different, though related, contexts.Indications of interest probably ought to have a factorof decaying over time so that the agent does not getclogged with searching for interests that may indeed havefallen from the user’s attention. Some actions may havebeen highly dependent upon the local context, and shouldbe forgotten unless they are reinforced by more recentaction. Another heuristic for forgetting is to discountsuggestions that were formulated very far in "distance"from the present position, measured in number of web linksfrom the original point of discovery.Further, persistence of interest is important inuncovering serendipitous connections, which is a majorgoal of information browsing. While searching for onetopic, one might accidentally uncover information oftremendous interest on another, seemingly unrelated, topic.This happens surprisingly often, partly because seeminglyunrelated topics are often related through non-obviousconnections. An important role for the agent to play is inconstantly being available to notice such connections andbring them to the user’s attention.7 Search strategiesThe interface structure of many Web browsersencourages depth first search, since every time onedescends a level the choices at the next lower level areimmediately displayed. One must return to the containingdocument to explore brother links at the same level, a two-step process in the interface. When the user is exploring ina relatively undirected fashion, the tendency is to continueto explore downward links in a depth-first fashion. After awhile, the user finds him or herself very deep in a stack ofpreviously chosen documents, and [especially in theabsence of much visual representation of the context] thisleads to a "lost in hyperspace" feeling.The depth-first orientation is unfortunate, as muchinformation of interest to users is typically embedded rathershallowly in the Web hierarchy. Letizia compensates forthis by employing a breadth-first search. It achieves utilityin part by reminding users of neighboring links that mightescape notice. It makes user exploration more efficient byautomatically eliding many of the "dead-end" links thatwaste users’ time.The depth of Letizia’s search is also limited in practiceby the effects of user interaction. Web pages tend to be ofrelatively similar size in terms of amount of text andnumber of links per page, and users tend to move from oneWeb node to another at relatively constant intervals. Eachuser movement immediately refocuses the search, whichprevents it from getting too far afield.The search is still potentially combinatoriallyexplosive, so we put a resource limitation on searchactivity. This limit is expressed as a maximum number ofaccesses to non-local Web nodes per minute. After thatnumber is reached, Letizia remains quiescent until the nextuser-initiated interaction.Letizia will not initiate further searches when itreaches a page that contains a search form, even though itcould benefit enormously by doing so, in part because thereis as yet no agreed-upon Web convention for time-bounding the search effort. Letizia will, however,recommend that a user go to a page containing a searchform.In practice, the pacing of user interaction and Letizia’sinternal processing time tends to keep resourceconsumption manageable. Like all autonomous Websearching "robots", there exists the potential foroverloading the net with robot-generated communicationactivity. We intend to adhere to conventions for "robotexclusion" and other "robot ethics" principles as they areagreed upon by the network community.8 Related workWork on intelligent agents for information browsing isstill in its infancy. The closest work to this is [Armstrong,et. al. 95], especially in the interface aspects of annotatingdocuments that are being browsed independently by theuser. Letizia differs in that it does not require the user tostate a goal at the outset, instead trying to infer "goals"implicitly from the user’s browsing behavior. Also quiterelevant is [Balabonovic and Shoham 95], which requiresthe user to explicitly evaluate pages. Again, we try to inferevaluations from user actions. Both explicit statements ofgoals and explicit evaluations of the results of browsingactions do have the effect of speeding up the learningalgorithm and making it more predictable, at the cost ofadditional user interaction.[Etzioni and Weld 94], [Knoblock and Arens 93], and[Perkowitz and Etzioni 95] are examples of a knowledge-intensive approach, where the agent is pre-programmedwith an extensive model of what resources are available onthe network and how to access them. The knowledge-basedapproach is complementary to the relatively pure behavior-based approach here, and they could be used together.Automated "Web crawlers" [Koster 94] have neitherthe knowledge-based approach nor the interactive learningapproach,. They use more conventional search andindexing techniques. They tend to assume a moreconventional question-and-answer interface mode, wherethe user delegates a task to the agent, and then waits for theresult. They don’t have any provision for making use ofconcurrent browsing activity or learning from the user’sbrowsing behavior.Laura Robin [Robin 90] explored using an interactive,resource-limited, interest-dependent best-first search in abrowser for a linked multimedia environment. Some of theideas about control structure were also explored in adifferent context in [Lieberman 89].

9 ImplementationLetizia is implemented in Macintosh Common Lisp. Ituses Netscape as a Web browser and user interface. Theagent runs as a separate process, and communicationbetween Lisp and Netscape takes place using AppleEventsand AppleScript interprocess communication. Currently,we are severely limited by the extent to which Netscape isprogrammable via AppleEvents. HTML is parsed using theZebu parser-generator [Laubsch 94].AcknowledgmentsThis work has been supported in part by researchgrants to the MIT Media Laboratory from Alenia,ARPA/JNIDS, Apple Computer, the National ScienceFoundation, and other Media Lab sponsors.References[Armstrong, Freytag, Joachims and Mitchell 95] RobertArmstrong, Dayne Freitag, Thorsten Joachims andTom Mitchell, WebWatcher: A Learning Apprenticefor the World Wide Web, in AAAI Spring Symposiumon Information Gathering, Stanford, CA, March 1995.[Balabonovic and Shoham 95] Marko Balabanovic andYoav Shoham, Learning Information Retrieval Agents:Experiments with Automated Web Browsing, in AAAISpring Symposium on Information Gathering,Stanford, CA, March 1995.[Etzioni and Weld 94] Oren Etzioni and Daniel Weld, ASoftbot-Based Interface to the Internet,Communications of the ACM, July 1994.[Knoblock and Arens 93] Craig Knoblock and Yigal Arens,An Architecture for Information Retrieval Agents,AAAI Symposium on Software Agents, Stanford, CA,March 1993.[Koster 94] M. Koster, World Wide Web Wanderers,Spiders and Robots, http:// web.nexor.co.uk/mak/doc/robots/robots.html[Lashkari, Metral, and Maes 94] Yezdi Lashkari, MaxMetral, Pattie Maes, Collaborative Interface Agents,Conference of the American Association for ArtificialIntelligence, Seattle, August 1994.[Laubsch 94] Zebu: A Tool for Specifying ReversibleLALR(1) Parsers, Hewlett-Packard Laboratories,1994.[Lehnert and Sundheim 91] Wendy Lehnert and B.Sundheim, A Performance Evaluation of Text-Analysis Technologies," AI Magazine, p. 81-94., 1991[Lieberman 89] Henry Lieberman, Parallelism inInterpreters for Knowledge Representation Systems, inConcepts and Characteristics of Knowledge-BasedSystems, M. Tokoro, Y. Anzai, A. Yonezawa, eds.,North-Holland, 1989.[Maes 94] Pattie Maes, Agents that Reduce Work andInformation Overload, Communications of the ACM,July 1994.[Perkowitz and Etzioni 95] Mike Perkowitz and OrenEtzioni, Category Translation: Learning to UnderstandInformation on the Internet, International JointConference on Artificial Intelligence, Montr�al,August 1995.[Robin 90] Robin, Laura, Personalizing Hypermedia: TheRole of Adaptive Multimedia Scripts, MS Thesis,Massachusetts Institute of Technology, 1990.[Sheth and Maes 93] Beerud Sheth and Pattie Maes,Evolving Agents for Personalized InformationFiltering, IEEE Conference on Artificial Intelligencefor Applications, 1993.