
SavvySearch: A Meta-Search Engine that Learnswhich Search Engines to QueryAdele E. Howe Daniel DreilingerComputer Science Dept. MIT Media LaboratoryColorado State University Cambridge, MA 02139Fort Collins, CO 80523howe@cs.colostate.edu daniel@media.mit.eduJanuary 28, 1997AbstractSearch engines are among the most successful applications on the Web today. Somany search engines have been created that it is di�cult for users to know wherethey are, how to use them and what topics they best address. Meta-search enginesreduce the user burden by dispatching queries to multiple search engines in parallel.The SavvySearch meta-search engine is designed to e�ciently query other searchengines by carefully selecting those search engines likely to return useful resultsand by responding to uctuating load demands on the Web. SavvySearch learns toidentify which search engines are most appropriate for particular queries, reasonsabout resource demands and represents an iterative parallel search strategy as asimple plan.1 The Application: Meta-Search on the WebCompanies, institutions and individuals must have a presence on the Web; each arevying for the attention of millions of people. Not too surprisingly then, the most successfulapplications on the Web to date are search engines: tools that assist users in �ndinginformation on speci�c topics.A variety of search engines are available, from general, robot based (e.g., AltaVista[Monier and Burrows, ], WebCrawler [Pinkerton, 1994]) to topic or area speci�c (e.g.,FTPSearch [Egge et al., 1996], DejaNews [Madere, 1995]). Each employs di�erent algo-rithms for collecting, indexing and searching links; thus, each returns di�erent results forsimilar queries. Empirical results indicate that no single search engine is likely to return1
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more than 45% of the relevant results [Selberg and Etzioni, 1995a]. To �nd what theydesire, users may need to query several search engines; meta-search engines automatethis process by simultaneously submitting a single query to multiple search engines.The simplest meta-search engines are forms that allow the user to indicate whichsearch engines should be contacted (e.g., All-In-One [Cross, 1995], META Search [Services, 1996]).ProFusion [of Kansas DesignLab, ,Gauch et al., 1996] gives the user the choice of select-ing search engines themselves or letting ProFusion select three of six robot based searchengines using handbuilt rules. MetaCrawler [Selberg and Etzioni, 1995a,Selberg and Etzioni, 1995b]signi�cantly enhances the output by downloading and analyzing the links returned bythe search engines to prune out unavailable and irrelevant links.Meta-search engines reduce the burden on the user. They make available search en-gines that may have been unknown to the user. They handle the simultaneous submissionof queries; some direct the query to appropriate engines and some post-process the resultsas well. They provide a single interface (with the downside that they may not supportall the features of the target search engines).Unfortunately, meta-search can lead to the \tragedy of the commons" problem fromeconomics in which an individual's best interests run counter to society's. Individualusers appear to be best served by simultaneously searching every possible search engineon the Web for desired information. Yet, the process may waste Web resources: networkload and search engine computation.We believe that a meta-search system can be a good Web citizen [Eichmann, 1994] bytargeting those search engines likely to return useful results and responding to changingload demands on the Web. To provide this functionality, we incorporated simple AI tech-niques in a meta-search engine. Our meta-search engine learns to identify which searchengines are most appropriate for particular queries, reasons about resource demands andrepresents an iterative parallel search strategy as a simple plan.2 Our Meta-Search System: SavvySearchSavvySearch is our meta-search system[Dreilinger, 1996,Dreilinger and Howe, 1996],available at http://guaraldi.cs.colostate.edu:2000/. It runs on �ve machines (threeSUN SPARCStations and two IBM RS 6000s) at Colorado State University. The systemwas �rst made available in March 1995 and has undergone several revisions since theoriginal design. At present, two versions of the system are available: the one describedhere and an experimental interface that will be mentioned in Section 3.SavvySearch is designed to balance two potentially conicting goals: maximizingthe likelihood of returning good links and minimizing computational and Web resourceconsumption. The key to compromise is knowing which search engines to contact forspeci�c queries at particular times. SavvySearch tracks long term performance of searchengines on speci�c query terms to determine which are appropriate and monitors recent
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performance of search engines to determine whether it is even worth trying to contactthem.In this section, we describe SavvySearch from a user's perspective. We follow arunning example indicating what a user sees and what goes on behind the scenes inprocessing a search request.2.1 Submitting a QueryTo �nd out about \arti�cial intelligence conferences", we enter the query, select the\integrate results" option, and click on the \SavvySearch!" button, as shown in an imageof the interface in Figure 1. The search form, the query interface to SavvySearch, asksthe user to specify a set of keywords (query terms) and options for the search. Userstypically enter two query terms.The options cover the treatment of the terms, the display of results and the interfacelanguage. Query terms may be combined with logical \and" (all query terms mustbe included in documents), \or" (any query term should be present) or as an orderedphrase. Three aspects of the results display can be varied: the number of links returned,the format of the links description and the timing. By default, 10 links are displayedwith the URLs and descriptions when available, and the results of each search engine arelisted separately as they arrive. Alternatively, we could change the number of links up to50, return less or more description of the links and interleave the results of the separatesearch engines. The interface is also available in 23 di�erent languages1.2.2 Processing a QueryWhen a user submits the query, SavvySearch must make two decisions: how manysearch engines to contact simultaneously and in what order the search engines shouldbe contacted. The �rst requires reasoning about the available resources and the secondabout ranking the search engines.2.2.1 Resource ReasoningEach search engine queried expends network and local computational resources. Thus,modifying concurrency (number of search engines queried in parallel) is the best way tomoderate resource consumption. Concurrency is a function of:Network Load Estimates which are determined from a lookup table created fromobservations of the network load at this time of day in the past,Local CPU Load which is computed using the UNIX uptime command.1We thank the users who translated the interface for us.
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Figure 1: User interface to SavvySearch for entering a query
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Concurrency has a base value of two; up to two additional units are added per loadestimate for periods of low load. Thus, the maximum concurrency value is six.2.2.2 Ranking Search EnginesSavvySearch includes both large robot-based search engines and small specializedsearch engines in its set. The large search engines are likely to return links for any query,but these links may not be as appropriate as links returned by a specialized search enginefor a query in its area.The purpose of ranking is to determine which search engines are most worthwhile tocontact for a given query. Search engines are ranked based on:� learned associations between search engines and query terms (stored in a meta-index) and� recent data on search engine performance.The Meta-Index: A Compendium of Search Experience The meta-index main-tains associations between individual queries terms (simpli�ed by stemming and casestripping) and search engines as e�ectiveness values. High positive values indicate excel-lent performance of a search engine on queries containing a speci�c term; high negativevalues indicate extremely poor performance.The e�ectiveness values are derived from two types of observations of the results ofusers' searches. We used observations (passive measures) because we obtained a low rateof response to requests for user feedback, as well as some questionable responses. Foreach search, we collect two types of information:No Results: search engine failed to return links,Visits: number of links explored by the user.No results reduces con�dence that the search engine is appropriate for the particularquery; Visits indicates that the user found some returned links to be interesting and soincreases con�dence.SavvySearch employs a simple weight adjustment scheme for learning e�ectivenessvalues. No results and visits are treated as negative and positive reinforcement, respec-tively, amortized by the number of terms in the query. Thus, if a search engine returnednothing for the example query, the e�ectiveness values for \arti�cial", \intelligence" and\conferences" would each be reduced by 13 . Although simple, this scheme proved to bequite e�ective (see Section 3 for a brief description of our evaluation of the learning).
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