
User-oriented smart-cache for the Web:What You Seek is What You Get!�Zo�e LacroixInstitute for Research in Cognitive ScienceUniversity of Pennsylvanialacroix@saul.cis.upenn.edu Arnaud SahuguetComputer and Information ScienceUniversity of Pennsylvaniasahuguet@saul.cis.upenn.eduRaman ChandrasekarInstitute for Research in Cognitive Science& Center for the Advanced Study of IndiaUniversity of Pennsylvaniamickeyc@linc.cis.upenn.eduhttp://www.cis.upenn.edu/�AKIRAAbstractStandard database approaches to querying information onthe Web focus on the source(s) and provide a query languagebased on a given prede�ned organization (schema) of thedata: this is the source-driven approach. However, can theWeb be seen as a standard database? There is no super-userin charge of monitoring the source(s) (the data is constantlyupdated), there is no homogeneous structure (no commonexplicit structure thus), the Web itself never stops growing,etc. For these reasons, we believe that the source-drivenstandard approach is not suitable to the Web.As an alternative, we propose a user-oriented approachbased on the idea that the schema is a posteriori expressedby the user's needs when asking a query. Given a user query,AKIRA (Agentive Knowledge-based Information RetrievalArchitecture) [6] extracts a target structure (structure ex-pressed in the query) and uses standard information retrievaland �ltering techniques to access potentially relevant docu-ments.The user-oriented paradigm means that the structurethrough which the data is viewed does not come from thesource but is extracted from the user query. When a userasks a query, the relevant information is retrieved from theWeb and stored as is in a cache. Then the information isextracted from the raw data using computational linguis-tic techniques. The AKIRA cache (smart-cache) representsthese extracted layers of meta-information on top of the rawdata. The smart-cache is an object-oriented database whoseschema is inferred from the user's target structure. It is de-�This work was partially supported by NSF STC grant SBR-8920230, ARO grant DAAH04-95-I-0169, ARO grant DAAH04-93-G0129 and ARPA grant N00014-94-1-1086.

signed on demand through a library of concepts that can beassembled together to match concepts and meta-conceptsrequired in the user's query. The smart cache can be seenas a view of the Web.To the best of our knowledge, AKIRA is the only systemthat uses information retrieval and extraction integratedwith database techniques to provide maximum 
exibility tothe user and o�er transparent access to the content of Webdocuments.1 The AKIRA storyThree CharactersOur User wants to query the Web in a 
exible and trans-parent way. He thus expects the system to provide infor-mation retrieval, information extraction and data manipu-lation. TheWeb, the most heterogeneous network one maythink of, consists of highly structured sources (databases),providing a query language (wrapper), as well as poorlystructured sources (HTML pages). The system AKIRAis user-oriented, agent-based and Web-aware.The PlotOur user wants information about upcoming conferencessuch as query Q1: \Conferences with a submission deadlineafter July 31, 1998?" or query Q2: \Conferences located inthe USA?" Query Q1 can be formulated by:select c.namefrom c in Conferencewhere c.submission_deadline.month > 7 andc.submission_deadline.year = 1998When asking Q1, the user expresses a target structure (seeFigure 1) composed of:� concepts Conference and Date� meta-concept submission deadline� attributes name, month and year



Conference Date

name

month

year
day

submission_deadlineFigure 1: Target structure.A sad story...With usual tools, our user will browse \by hand" all pages(or send the query \Call for papers" to a search engine suchas Altavista in order to have a list of thousands of poten-tially relevant webpages about conferences), read them andextract, still \by hand", the relevant information in the con-tent.... with a happy endingIn AKIRA, the target structure consisting of the classes andattributes invoked in the query is extracted and sent to theView Factory. The target structure is �rst analyzed todetermine a suitable schema to represent information in thesmart-cache. The system is user-oriented in the sense thatthe cache is structured with respect to the given target struc-ture, and optionally completed by several classes in order tocall the right Information Extraction (IE) tools to populatethe database. The View Factory sends three queries: (1) aview de�nition creates the new classes and attributes, (2) aquery is sent to the database in order to populate it, and(3) an Information Retrieval (IR) query is sent to the IRcomponent in order to retrieve data from the Web.To populate class Conference with attributes concerningthe submission process, the system retrieves Calls for Papers(CFP's) of conferences. Retrieved documents are stored ina �le before being processed by the IE component, invokedby methods from the database. They essentially consist ofHTML textual documents often providing implicit structuresuch as zones \Important Dates", \Submission of Papers",etc. Extracted information populates the cache and the out-put of the OQL query is returned to the user.Our user may re�ne his query by asking Q2. The queryis processed as before but the structure of the cache is nowextended to a new class Location with attributes city, stateand country and to a new attribute location de�ned at classConference.2 ArchitectureThe AKIRA system can be viewed as a personal proxy thatprovides the user with transparent access to the Web. Theinput to AKIRA is provided through a standard HTMLform or through a parameterized URL while the output isan HTML page generated on-the-
y by the system. These\virtual" pages, similar to the virtual documents in [7], canbe bookmarked and reconstructed on-demand.The AKIRA system basically receives a query, creates anobject-oriented database (a Web view), and returns the out-put of the query against the instance of the database. It has�ve components: the Dispatcher, the DBMS (DataBaseManagement System), the View Factory, the IE and theIR agent pools, as illustrated in Figure 2.The Dispatcher has a role similar to the one of a queryprocessor for a database management system. It extracts
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Figure 2: AKIRA's architecture.the target structure from the user's query. The target struc-tures a user may express correspond to the ability of IRagents to retrieve relevant documents and IE agents to ex-tract expected information.The View Factory is an essential part of the system.It is worth noting that AKIRA does not assume that itcan start from a database representation (schema and in-stances) of the Web like many other systems dealing withsite-restructuring (see for instance [3, 1, 4]). No informationis preprocessed. The View Factory's task is to populate thecache with information extracted from documents retrievedfrom the Web by the Information Retrieval (IR) agents.The Database System (DBMS) storing the expectedWeb view is object-oriented. Its associated query languageOQL permits quick access to relations between objects,along attributes and methods. The Web view is de�nedwith a view expression sent by the View Factory which spec-i�es its schema as well as its population (through methodsinvoking IE agents).The IR agent pool consists of wrappers to correspondwith databases available on the Web (search engines or ser-vices), and information �ltering tools such as Glean [2].The IE component provides di�erent IE tools extract-ing concepts and meta-concepts. IE agents such as con-ference acronym, location recognizers together with a co-reference tool identify concept instances. SuperTagging [5],which provides rich syntactic labels, or zoning tools extractmeta-concepts.An Output Formatter, not shown in Figure 2, may beused to format the output according to the user's needs.3 ConclusionUsing AKIRA to seek information on the Web provides thefollowing bene�ts.1. Based on integrated techniques from natural languageprocessing, it enables access to explicit as well as im-plicit structure of textual content.2. The separation between the logical view (concept and
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